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Successful human interaction is based on correct recognition, interpretation, and appropriate reaction to facial
affect. In depression, social skill deficits are among the most restraining symptoms leading to social withdrawal,
thereby aggravating social isolation and depressive affect. Dysfunctional approach and withdrawal tendencies to
emotional stimuli have been documented, but the investigation of their neural underpinnings has received limited
attention. We performed an fMRI study including 15 depressive patients and 15 matched, healthy controls. All
subjects performed two tasks, an implicit joystick task as well as an explicit rating task, both using happy, neutral,
and angry facial expressions. Behavioral data analysis indicated a significant group effect, with depressed patients
showing more withdrawal than controls. Analysis of the functional data revealed significant group effects for
both tasks. Among other regions, we observed significant group differences in amygdala activation, with patients
showing less response particularly during approach to happy faces. Additionally, significant correlations of amyg-
dala activation with psychopathology emerged, suggesting that more pronounced symptoms are accompanied
by stronger decreases of amygdala activation. Hence, our results demonstrate that depressed patients show dys-
functional social approach and withdrawal behavior, which in turn may aggravate the disorder by negative social
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interactions contributing to isolation and reinforcing cognitive biases.
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Emotional facial expressions are salient cues in
social life, and accurately recognizing, interpreting,
and responding to them is essential for successful
social interaction. While evidence has accumulated on
impaired facial emotion recognition and its dysfunc-
tional neural underpinnings in patients suffering from
depression (e.g., Dannlowski et al., 2007; Douglas

& Porter, 2010; Suslow et al., 2010; for review, see
Leppénen, 2006), deficits in behavioral tendencies
prompted by an emotional expression and the corre-
sponding dysfunctional neural correlates have received
limited attention in this clinical population. Regarding
behavioral tendencies, Gray’s theory (Gray, 1982) of a
behavioral approach, BAS, and a behavioral inhibition
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system, BIS has been examined most extensively, sup-
posing two antipodal motivational systems: one appet-
itive (approach) and one aversive (withdrawal), both
forming the basis of human behavior (cf. Elliot &
Covington, 2001; Puca, Rinkenauer, & Breidenstein,
2006). Though several aspects of this theory are still
under debate (for overview, see Corr, 2008), in its
original version Gray (1972) postulated that the BIS
is associated with punishment and frustrative non-
reward and thus consequently with avoidance behav-
ior. However, the BAS is assumed to be related to
reward and relief from punishment regulating appet-
itive motivation and approach behavior. It is widely
acknowledged that the two systems do not function
independently but instead influence and consequently
inhibit each other (Gray, 1990; Gray & McNaughton,
2000). Due to this interaction, Gray (1994) specu-
lated that depression is based on a combination of an
elevated BIS and a decreased BAS sensitivity, with
the BIS inhibiting the BAS, prompting a reduction in
positive affect and appetitive motivation (Davidson,
1992), cognitive misinterpretations of social signals,
and disturbances in social interaction (for review,
see Segrin, 2000), eventually leading to social with-
drawal and isolation. In this regard, several studies
demonstrated a direct association between severity of
depressive symptoms and self-reported BAS sensitiv-
ity (Campbell-Sills, Liverant, & Brown, 2004; Kasch,
Rottenberg, Arnow, & Gotlib, 2002). Moreover, sup-
portive results were reported by Tse and Bond (2004),
who demonstrated that depressed patients tend to inter-
pret social information in a negative way, feeling
rejected by others and, thus, avoiding social interac-
tion. Additionally, results from two prospective studies
showed that self-reported BAS sensitivity could pre-
dict the clinical course of depression (Kasch et al.,
2002; McFarland, Shankman, Tenke, Bruder, & Klein,
2006).

In a recent study from our lab (Seidel et al.,
2010a), we investigated approach and withdrawal ten-
dencies in depressed patients applying two different
tasks: (1) an implicit joystick task, where partici-
pants were asked to pull or push the lever toward
pictures of facial emotional expressions depending
on the color of the frame encircling the expression;
and (2) an explicit rating task, where subjects were
instructed to indicate whether they would move toward
or away from a person showing the presented emo-
tional expression. Direct comparison of implicit and
explicit results enabled analysis of more automatic
vs. more conscious responses to facial expressions
of emotion. Although patients correctly recognized
the emotional expressions, they reacted differently to
these social cues: especially female patients displayed

stronger withdrawal tendencies in the explicit con-
dition, which were less pronounced in the implicit
condition. Thus, we speculated that while automatic
behavioral responses are still intact, conscious ratings
seem to be negatively influenced by cognitive biases,
fitting Beck’s cognitive negativity model of depression
(Beck, 2008).

Regarding the neural correlates, Gray (1982)
assumed that a network comprising the septo-
hippocampal system constitutes the BIS. Using fMRI,
Reuter and colleagues (2004) demonstrated elevated
activation of the amygdala, insula, and temporofrontal
regions during viewing of disgust-eliciting stim-
uli (BIS condition) in healthy controls. Thus, they
reported activation of several regions known to be
involved in various emotional competencies, such as
emotion recognition (e.g., Derntl et al., 2009a, 2009b,
2009c; Fitzgerald, Angstadt, Jelsone, Nathan, & Phan,
2006; Habel et al., 2007; Moser et al., 2007; for review,
see Fusar-Poli et al., 2009) or empathy (e.g., Derntl
et al., 2010; Lamm, Batson, & Decety, 2007; Schulte-
Riither, Markowitsch, Shah, Fink, & Piefke, 2008; for
review, see Lamm & Singer, 2009).

The neural network of the BAS is assumed to
comprise the basal ganglia and the prefrontal cor-
tex (Pickering & Gray, 1999); this is supported by
results from electrophysiological studies demonstrat-
ing a relationship between asymmetrical frontal activ-
ity and self-reported BAS sensitivity (e.g., Coan &
Allen, 2003; Harmon-Jones & Allen, 1997). Thus,
these data support Davidson’s hypothesis that activ-
ity of the left prefrontal cortex is associated with
the BAS whereas activity of the right prefrontal cor-
tex is related to the BIS. Moreover, Davidson (1998)
assumed that decreased left frontal activity reflects
a reduced BAS constituting a vulnerability marker
for depression. However, there are no neuroimaging
data explicitly prompting the BIS/BAS on behavioral
tendencies in social situations in depressed patients.

Since social withdrawal is one of the core symp-
toms in depression that affects multiple psychoso-
cial domains, it is mandatory to further elucidate the
neural underpinnings of the behavioral approach and
withdrawal tendencies toward facial emotional expres-
sions. Therefore, this study aims to investigate the
neural correlates of social approach and withdrawal in
depressed patients.

On the basis of our previous results (Seidel et al.,
2010a), we hypothesized stronger withdrawal behav-
ior in depressed patients as measured with self-report
questionnaire data. Regarding the neural correlates,
we expected stronger activation of patients during
avoidance irrespective of emotion (in both tasks), par-
ticularly in brain regions involved in the BIS network;
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that is, the right prefrontal cortex and temporofrontal
regions. For the explicit task, we hypothesized less
amygdala activation for positive stimuli as shown in
previous studies (e.g., Suslow et al., 2010).

METHODS
Sample

Fifteen depressed patients (9 women, mean age = 34.1
years, SD = 12.0) fulfilling DSM-1IV (APA, 1994) cri-
teria for major depression and 15 healthy controls (9
women, mean age = 32.9 years, SD = 10.9) matched
for gender, age, and education participated. All sub-
jects were native German speakers and right-handed
as assessed by the Edinburgh Handedness Inventory
(Oldfield, 1971). The study was approved by the local
institutional review board and conducted according to
the Declaration of Helsinki (1964). Written informed
consent was obtained and all subjects were paid for
participation (€30).

Depressed patients were recruited from the
inpatient units of the Department of Psychiatry,
Psychotherapy, and Psychosomatics, University
Hospital Aachen. They had had no substance abuse for
the last 6 months and no comorbid psychiatric (Axis
I or II) or neurological disorder, as assessed by the
German version of the Structured Clinical Interview
for DSM-IV (SCID) (Wittchen, Zaudig, & Fydrich,
1997). None of these patients experienced psychotic
symptoms during the current or previous episodes.
Severity of affective symptoms was assessed with the
German versions of the Beck Depression Inventory
(BDI) (mean = 25.6, SD = 6.1; Beck et al., 1961),
and the 17-item version of the Hamilton Depression
Rating (HAMD) Scale (mean = 19.9, SD =17.3;
Hamilton, 1960). The mean age of onset was 29.47
years (SD = 10.8), with mean illness duration of 4.67
years (SD = 7.1). All but two of the depressed patients
were taking antidepressant medication at the time of
testing (Selective reuptake inhibitors, SSRI, n = 2;
selective noradrenalin reuptake inhibitors, SNRI,
n = 5; SSRI 4+ SNRI, n = 4; SNRI + quetiapine,
n=>2).

The nonpsychiatric control group consisted of 15
healthy adults (9 women) with no history of psychi-
atric (including substance abuse) or neurological ill-
ness. Subjects with such disorders or their first-degree
relatives were also excluded.

All participants additionally completed a neu-
ropsychological test battery assessing crystallized ver-
bal intelligence (Mehrfachwortwahltest — Version B:
MWT-B; Lehrl, 1996), executive functions (Trail
Making Test, Parts A and B: TMT-A/-B; Reitan,
1958), and working memory (digit span, Wechsler
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Adult Intelligence Scale: WAIS-III; Von Aster,
Neubauer, & Horn, 2006). Moreover, questionnaire
data from the German version of the BIS/BAS
scale by Carver and White (1994) and the Action
Regulating Emotion Systems (ARES) scales (Hartig &
Moosbrugger, 2003) were obtained.

Patients and controls differed significantly in their
crystallized intelligence (MWT-B: ¢+ = 3.293, p =
.003), with patients showing lower scores, whereas
performance in the other neurocognitive tasks did not
differ significantly (TMT-A: t = 1.274, p = .213;
TMT-B: t = —0.013, p = .989; digit span forward:
t = .555, p = .584; digit span backward: r = —0.425,
p = .675). Regarding group comparison of BIS/BAS
scores, we observed significantly higher BAS scores
in controls (+ = 5.713, p < .001) and significantly
higher BIS scores in patients (+ = 10.241, p < .001).
Demographic and neuropsychological characteristics
are shown in Table 1.

Moreover, we explored the ability to recognize
facial expressions of emotions in patients and con-
trols by applying an emotion-identification task:
Vienna Emotion Recognition Tasks (VERT-K; Derntl,
Kryspin-Exner, Fernbach, Moser, & Habel, 2008). It
consists of 36 colored photographs of facial expres-
sions of five basic emotions (happiness, sadness, anger,
fear, and disgust) as well as neutral expressions out
of the same stimulus set (Gur et al. 2002). The stim-
ulus material is balanced for valence and gender. Only
evoked expressions were shown in randomized order.
The instruction was to recognize the emotion depicted
as soon and as accurately as possible and to choose
one out of six possible emotion categories. The faces
remained on the screen until the participant selected a
label.

Functional tasks

Similar versions of the functional tasks have been val-
idated in a recent behavioral study in patients with
major depression and are described in more detail there
(Seidel et al., 2010a). Briefly, we applied two tasks
tapping the implicit and explicit behavioral tendencies
separately.

Implicit joystick task

Experimental paradigms of studies investigating
behavioral tendencies (i.e., approach and avoidance)
are based on the findings of Cacioppo, Priester, and
Berntson (1993). It has been shown that pushing a
lever is faster than pulling in response to aversive
stimuli and pulling is faster than pushing in response to
appetitive stimuli (Chen & Bargh, 1999; Duckworth,
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TABLE 1
Overview on demographic characteristics, neuropsychological performance (raw scores), and self-report questionnaire data
of patients and controls. Moreover, for patients, mean values of the clinical rating scales are listed

Patients (n = 15) Controls (n = 15) t values p values
Gender (M:F) 6:9 6:9 - -
Age (range) 34.1(11.95) 32.9(10.93) 0.303 764
Years of education 16.1(3.72) 17.0(4.00) 0.614 544
Verbal 1Q 106.9 (9.58) 119.9(12.84) 3.293 .003
TMT-A (seconds) 19.2(3.76) 20.6(6.54) 1.274 213
TMT-B (seconds) 40.1(13.54) 38.3(11.28) —0.013 989
Digit span (raw score) 15.6(4.24) 15.6(4.52) 0.009 .993
BIS 33.4(4.38) 19.3(2.94) 10.24 <.001
BAS 26.0(4.47) 33.8(2.73) 5.713 <.001
BDI 25.6(6.05)
HAMD 19.9(7.30)
GAF 49.0(9.49)
Mean age of onset 29.5(10.81)
Mean illness duration 4.7(7.12)

Notes: Standard deviations appear in parentheses. TMT = Trail Making Test, BIS = Behavioral Inhibition Scale, BAS = Behavioral
Activation Scale, BDI = Beck Depression Inventory, HAMD = Hamilton Depression Rating Scale.

Bargh, Garcia, & Chaiken, 2002; Neumann & Strack,
2000). On the basis of these findings, implicit tenden-
cies were measured with an MR-compatible joystick
with y-axis limitation (Mag Design and Engineering,
Sunnyvale, CA, USA). Sixty pictures of facial expres-
sions for each condition (happy, angry, and neutral)
displayed by 60 different Caucasian actors (balanced
for gender) were presented. These pictures were taken
from the same standardized stimulus set that has been
frequently applied in behavioral and neuroimaging
studies (for development, see Gur et al., 2002). All
stimuli depicted evoked facial expressions. The faces
were presented twice, once within a blue and once
within a yellow frame. Subjects were instructed to
pull the lever when the stimulus appeared with a blue
frame, yielding approaching behavior, or to push the
lever when the stimulus was framed with a yellow
line, yielding avoidance behavior, irrespective of facial
expression. The randomly presented faces remained on
the screen for a maximum of 3 s (or until a response
was given) followed by a randomized, variable inter-
stimulus interval (ISI), ranging from 1900 to 5100 ms
in steps of 400 ms (during which subjects viewed a
fixation cross). Six runs, containing 60 pictures each,
were separated by a short break where the scan was
not interrupted but the participant could take a break
for 23 s indicated by the word “break” on the screen,
and then for 4 s the word “attention” appeared to
remind the subjects to prepare for the task again. To
keep data comparable to previous studies (e.g., Marsh,
Ambady, & Kleck, 2005; Seidel et al., 2010a, 2010b),
we defined reaction time (RT) as the time from stimu-
lus onset to when the lever reached its maximal point.

The difference in RTs for pushing vs. pulling revealed
the dominant behavioral tendency (i.e., approach or
avoidance). To familiarize participants with the task,
a short practice run was conducted inside the scan-
ner, using an asterisk stimulus within blue and yellow
frames. Figure 1a illustrates the implicit task.

Explicit rating task

In the explicit rating task, we presented 90 evoked
expressions (30 per anger, happiness, and neutral, bal-
anced for gender and only Caucasian actors) of 30
poses randomly taken from the joystick paradigm stim-
ulus set. Here, participants were asked to imagine
standing face to face with the person and to indicate
whether they would approach, avoid, or show no ten-
dency at all by pressing the corresponding button out
of the three possibilities (“+ standing for approach,
“—” indicating avoidance, and “0” meaning no ten-
dency). Stimuli were presented maximally for 5 s with
a randomized, variable ISI ranging from 1900 to 5100
ms in steps of 400 ms (during which subjects viewed a
fixation cross). Manual responses triggered immediate
progression to the next ISI.

Participants were told not to refer their rating to the
attractiveness or trustworthiness of the person but only
to the emotional expression. The aim of this rating
scale was to measure the conscious behavioral ten-
dency compared to the automatic motor RT (joystick
task). We have already validated this task in a sample
of depressed patients (Seidel et al., 2010a) and healthy
controls (Seidel et al., 2010b). Figure 1b illustrates the
explicit rating task.
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(b)

Imagine you are standing face to face
to this person.

Would you go towards or away from
him/her?

Figure 1. Illustration of the implicit (a) and the explicit task (b). In the implicit task, participants had to push the joystick lever when the face
was surrounded by a yellow frame, whereas a blue frame meant pull the lever. In the explicit task, participants were instructed to decide whether
they wanted to move toward or away from the person displayed by pressing the corresponding button.

All stimuli were presented with goggles
(VisuaStimDigital, Resonance Technology, Inc.,
Los Angeles, CA, USA). The presentation of images,
recording of responses, and acquisition of scanner
triggers were achieved with the Presentation software
package (Neurobehavioral Systems, Inc., Albany, CA,
USA).

Behavioral data analysis

Statistical analyses of behavioral data were performed
with SPSS (Statistical Package for the Social Sciences,
Version 15.0, SPSS, Inc., Somer, NY, USA). Due to the
significant difference in verbal 1Q, we included MWT-
B scores as a covariate in the behavioral data analysis.

For the analysis of RTs (in milliseconds) of the
motor responses in the implicit joystick task, we com-
puted a repeated measures ANOVA with expression
(anger, happiness, and neutral) and direction (approach
and avoid) as within-subject factors, and diagnosis as
between-subject factor.

The analysis of group differences in the explicit
rating task was similarly performed with a 2 (diag-
nosis) x 3 (expression), repeated-measures ANOVA
on the average of participants’ ratings. Correlations
(partial correlations controlling for verbal 1Q [VIQ])
were computed between clinical characteristics (BDI,
HAM-D, and GAF), questionnaire data (BIS and
BAS), and reactions in the implicit or explicit
task.

We also applied a 2 (diagnosis) x 6 (facial
expression), repeated-measures ANOVA on the per-
formance in the emotion recognition task (percent
correct) and added MWT-B scores as a covariate.

fMRI acquisition parameters and data
processing

Data acquisition

Functional MR images were acquired on a 3T
Siemens MRI whole-body scanner (SIEMENS Trio)
at the Department of Psychiatry, Psychotherapy and
Psychosomatics, RWTH Aachen University. We used
a standard head coil and foam paddings to reduce head
motion. Functional imaging was performed with a gra-
dient echo EPI sequence with the following BOLD
imaging parameters: TR = 2200 ms, TE = 30 ms, FoV
= 200 mm, 36 slices, slice thickness = 3.1 mm, in-
plane resolution = 3.1 x 3.1 mm, flip angle = 90°,
and distance factor = 15%.

The measurement time of the joystick task was
about 30 min, and the rating task took about 10 min.
Additionally, a high-resolution structural image (3-D
Magnetization Prepared Rapid Gradient Echo: MP-
RAGE) was acquired at the end of the measurement
with the following parameters: TR = 1900 ms; TE =
2.52 ms; TI = 900 ms; flip angle = 9°; 256 matrix;
FoV = 250 mm; 176 slices per slab. The time needed
was 4 min.
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Data preprocessing

Five dummy scans before the beginning of the
experiment were discarded to allow for magnetic sat-
uration. Functional data processing was performed
with Statistical Parametric Mapping (SPMS5) software
(Wellcome Department of Imaging Neuroscience,
London, UK) implemented in Matlab (Mathworks,
Inc., Sherborn, MA, USA). Functional images were
realigned to correct for head movement between scans
by an affine registration (Ashburner & Friston, 2003).
Each subject’s T1 scans were coregistered to the
mean image of the realigned functional images. The
mean functional image was subsequently normalized
to the Montreal Neurological Institute (MNI) single-
subject template (Collins, Neelin, Peters, & Evans,
1994; Evans et al., 1992), using linear proportions
and a nonlinear sampling as derived from a seg-
mentation algorithm (Ashburner & Friston, 2005).
Normalization parameters were then applied to the
functional images and coregistered to the T1 image.
Images were resampled at a 1.5 x 1.5 x 1.5 mm
voxel size and spatially smoothed, using an 8-mm
full-width-at-half-maximum Gaussian kernel.

For this event-related design, each of the six experi-
mental conditions in the implicit task (anger approach,
anger avoidance, happy approach, happy avoidance,
neutral approach, and neutral avoidance) and three
conditions in the explicit task (angry, happy, and neu-
tral faces) were modeled with a separate regressor
convolved with the canonical hemodynamic response
function and its first-order temporal derivative.

Statistical analysis was performed at the individual
and group level. Since we were specifically interested
in group differences in behavioral tendencies and their
neural correlates, we explored neural activation with
specific 7-contrasts highlighting the significant group
differences. Concerning the implicit task, we applied
several t-contrasts, directly comparing approach and
avoidance behavior as well as specific interesting
behavioral tendencies that were hypothesis driven,
such as approaching happy and avoiding angry faces.
For the explicit task, we directly compared neural acti-
vation during processing of happy and angry faces
(vs. neutral faces) of patients and controls by applying
independent-sample #-tests.

Region of interest

We performed a ROI analysis for the amygdala
region with the aim of maximizing the sensitivity to
group as well as hemispheric lateralization differences
in the amygdala. Furthermore, we aimed to determine

its exact role in approach and avoidance behavior.
The amygdala was chosen for several reasons: it
plays a major role in emotion processing and several
studies have revealed dysfunctional amygdala activa-
tion in depressed patients during processing of facial
expressions of emotions (e.g., Dannlowski et al., 2007;
Suslow et al., 2010). Values for amygdala ROIs were
extracted with the probabilistic cytoarchitectonic maps
(Amunts et al., 2005), as available in the Anatomy
Toolbox in SPM5 (Eickhoff et al., 2005; Eickhoff,
Heim, Zilles, & Amunts, 2006). Mean parameter esti-
mates were extracted for left and right amygdala ROI
in each condition, and Levene tests for homogeneity of
variances indicated homoscedasticity for all parameter
estimates of all tasks (explicit: happy left: p = 0.623,
happy right: p = .779; anger left: p = .990, anger right:
p = .934; neutral left: p = .920, neutral right: p =
91 1—implicit: happy approach left: p = .939, happy
approach right: p = .1.000; anger approach left: p =
702, anger approach right: p = .960; neutral approach
left: p = .912, neutral approach right: p = .961; happy
avoid left: p = .216, happy avoid right: p = .955;
anger avoid left: p = .805, anger avoid right: p =
.986; neutral avoid left: p = .901, neutral avoid right:
p = .689).

A three-way ANOVA was applied with diagnosis as
between-subject factor as well as condition and later-
ality as repeated factors. To control for the significant
group difference in verbal 1Q, we included MWT-B
scores as a covariate in the analysis. Greenhouse-
Geisser corrected p values are presented.

Corollary analyses

Correlation analyses were performed for each task
between performance (RT—implicit task—and scores
for approach/avoidance—explicit task) and amygdala
activation (mean parameter estimates taken from the
ROI analysis) for the whole group. Moreover, amyg-
dala activation was also correlated with performance
in the self-report BIS/BAS scores. Additionally, for
depressed patients, we also analyzed any association
between clinical characteristics (BDI, HAM-D, and
GAF) and amygdala parameter estimates.

To account for multiple comparisons, we applied
a combined height and extent threshold technique
based on Monte-Carlo simulations, using AlphaSim
(Cox, 1996). According to 1000 simulations based
on a height threshold of p < .001 (uncorrected) and
the spatial properties of the residual image, an extent
threshold of 55 contiguous voxels suffices to comply
with a family wise error of p < .05. This correction for
thresholding will be referred to as “height and extent
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corrected threshold” (HET), and group results as well
as direct comparisons between patients and controls
are depicted at this threshold.

RESULTS
Behavioral data
Implicit task

Applying the repeated-measures ANOVA on the RT
data revealed no significant emotion effect, F(2, 56) =
0.603, p = .551; no significant diagnosis effect, F(1,
28) = 1.390, p = .248; and no significant emotion-
by-diagnosis interaction, F(2, 56) = 0.025, p = .976.
Moreover, we observed neither a significant direction
effect, F(1, 28) = 1.001, p = .327, nor a signifi-
cant effect of VIQ, F(1, 28) = 0.013, p = .909, and
no other significant interaction emerged: emotion-by-
VIQ: F(2, 56) = 0.693, p = .505; direction-by-VIQ:
F(1, 28) = 0.541, p = .469; direction-by-diagnosis:
F(1,28)=0.002, p = .962; emotion-by-direction: F'(2,
56) = 0.393, p = .677; emotion-by-direction-by-VIQ:
F(2,56) = 1901, p = .162; emotion-by-direction-by-
diagnosis: F(2, 56) = 0.833, p = .440.

Explicit task

Analysis of the rating data, including VIQ as a
covariate, showed a significant emotion effect, F(2,
56) = 11.495, p < .001, n,> = .315, with highest
values and thus strongest approach toward happy faces
followed by neutral expressions. Angry faces elicited
least approach but strongest avoidance. Furthermore,
we observed a significant diagnosis effect, F(1, 28) =
8.895, p = .006, np2 = .262, with stronger avoidance
in patients, and no significant emotion-by-diagnosis
interaction, F(2, 56) = 1.443, p = .246. VIQ showed
no significant impact, F(1, 28) = 0.081, p = .779, and
no significant emotion-by-VIQ interaction emerged,
F(2, 56) = 3.514, p = .073. For illustration of the
behavioral performance in the explicit task, see
Figure 2.

Corollary analysis

Using partial correlations to control for VIQ differ-
ences, we analyzed whether behavioral performance
showed any association with BIS/BAS scores and
observed a significant positive correlation between
BAS scores and happy ratings (r = .586, p = .002)
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Figure 2. Results of the explicit rating task demonstrating
approaching behavior toward happy, neutral, and angry facial
expressions and a mean approach score. Data analysis revealed a sig-
nificant group difference (p = .005), indicating stronger withdrawal
in the patient group across all emotions.

as well as a significant negative correlation between
BIS scores and happy ratings (r = —.502, p = .009)
across the whole group. Correlations with neutral and
angry ratings or with the implicit task did not reach
significance (all p > .09).

Further analysis between symptom severity (BDI
and HAMD scores) and RTs in the implicit task
revealed no significant association (all p > .12).
However, correlation analysis for the explicit rating
task and psychopathological parameters revealed sig-
nificant associations between the HAMD scores and
the rating results for happy faces (r = —.602, p =
.017) and for angry faces (r = .725, p = .002). They
indicate that patients with more severe symptoms show
less approach toward happy faces and more avoidance
toward faces expressing anger.

Emotion recognition

To clarify whether patients correctly classified the
emotional facial expressions presented in the implicit
and explicit task, serving as a necessary prerequi-
site to adequately fulfill the implicit and explicit task,
we conducted a repeated-measures ANOVA, includ-
ing VIQ as a covariate, which revealed a signifi-
cant emotion effect, F(5, 140) = 2.975, p = .030,
np2 =.115, with highest accuracy for happy and lowest
for disgusted faces, a significant emotion-by-diagnosis
interaction, F(5, 140) = 2.653, p = .042, np2 =.103,
but no significant effect of diagnosis, F(1, 28) = 1.764,
p = .197, nor VIQ, F(1, 28) = 2.365, p = .138,
or emotion-by-VIQ interaction, F(5, 140) = 2.245,
p = .080. Post-hoc analysis disentangling the signif-
icant emotion-by-diagnosis interaction revealed only a
significant difference for fear recognition (p = .001)
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with better accuracy in the patient group. All other
comparisons remained not significant (all p > .298).

Functional data
Implicit task

The t-contrast comparing patients and controls for
approach reactions showed more activation in the left
calcarine gyrus (BA 17) and the left postcentral gyrus
(BA 1). The reverse ¢-contrast showed that approach in
controls (compared to patients) was associated more
strongly with neural activation in the cerebellum bilat-
erally (vermis), the right calcarine gyrus (BA 17), the
left middle temporal gyrus, the left superior frontal
gyrus, the right temporoparietal junction, the hip-
pocampus bilaterally, and the left precuneus. Directly
comparing patients and controls for avoidance reac-
tions revealed stronger neural activation in the left cal-
carine gyrus, left postcentral gyrus, and left paracentral
lobule in the patient group. In controls (compared to
patients), avoidance reactions yielded stronger neural
responses of the cerebellum bilaterally, the right cal-
carine gyrus, the right middle frontal gyrus, the right
fusiform gyrus, the right lingual gyrus, and the left
superior frontal gyrus (for a detailed list, see Table 2).

Since one major interest of our study was to analyze
group differences in approaching happy and avoiding
angry faces (i.e., the behavioral tendencies typically
prompted by these emotions), we applied the respec-
tive f-contrasts. For approaching happy faces, the
t-contrast comparing patients and controls demon-
strated that patients exhibited stronger activation of
the left calcarine gyrus (BA 17), the left postcentral
gyrus (BA 1), and the left inferior occipital gyrus.
The reverse contrast showed that controls recruited
the right cerebellum, the left superior frontal gyrus
(BA 6), the right fusiform gyrus, and the right superior
parietal lobule more strongly (for detailed information,
see Table 3).

For avoiding angry faces, patients (compared to
controls) showed stronger activation of the left cal-
carine gyrus (BA 17) and the left postcentral gyrus
(BA 1). Controls (compared to patients) showed ele-
vated activation in the cerebellum bilaterally, the
right calcarine gyrus (BA 17), the left supplementary
motor area, the left dorsal anterior cingulate, the right
fusiform gyrus, the right middle and the left superior
frontal gyrus, the right superior parietal lobule, and the
right insula (for more details, see Table 3).

Directly comparing approach and avoid-
ance toward happy faces in patients vs. controls
revealed significantly stronger activation of the right
orbitofrontal gyrus and the right supramarginal gyrus

in patients, while controls demonstrated elevated
activation of the posterior cingulate bilaterally only
(see Table 3 for detailed information).

Additionally, we analyzed avoidance vs. approach
of angry faces, again directly comparing patients and
controls. While patients recruited the left caudate and
the right cerebellum, controls showed stronger acti-
vation of the inferior frontal gyrus bilaterally and the
right orbitofrontal gyrus (see Table 3 for detailed infor-
mation; see Figure 3 for illustration of group-specific
neural activation during the implicit task).

Explicit task

Analysis of functional data of the explicit task
by means of #-contrasts directly comparing patients
and controls for each condition revealed significant
group differences for angry and happy expressions (vs.
neutral, = 3.19, p < .05 HET corr.). During percep-
tion of angry faces and imagination of approaching
or avoiding these faces, patients (compared to con-
trols) showed stronger activation in the left precuneus,
the right calcarine gyrus (BA 17), and the left poste-
rior cingulate cortex. Controls (compared to patients)
demonstrated elevated responses of a whole network
of regions including the cerebellum bilaterally, the
fusiform gyrus bilaterally, the left superior occipital
gyrus, the right middle frontal gyrus, and the right
cuneus.

Comparing patients and controls for the happy con-
dition (i.e., processing of happy faces and imaging
moving toward or away from the face), we observed
stronger activation of the right calcarine gyrus and the
left inferior occipital gyrus in patients. Controls (com-
pared to patients) showed a much more widespread
network including the left lingual gyrus, the cerebel-
lum bilaterally, and the left amygdala. Figure 4 depicts
this significant difference in amygdala activation. For
a detailed list of activated regions, see Table 4.

ROI analysis
Implicit task

Applying a repeated-measures ANOVA, includ-
ing VIQ as a covariate, revealed only a trend for
a diagnosis effect, F(1, 28) = 3.735, p = .065,
1, = .130, indicating stronger activation in the control
group, while no other significant main effect emerged—
emotion: F(2, 56) = 1.555, p = .221; laterality: F(1,
28) =0.210, p = .651; direction: F(1,28) =0.290,p =
.595; VIQ: F(1, 28) = 1.495, p = .233) or interaction
(all p > .271).
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TABLE 2
Significant group effects of approach and avoidance (threshold: t > 3.14, p < .05 HET corr.) are given, and regions are listed
with MNI coordinates, cluster size (), and t values

MNI

Contrast Cluster X y Z tvalue K

Approach

Patients > controls L. calcarine gyrus 0 -89 —6 6.01 520
L. postcentral gyrus —44 -33 63 4.16 226

Controls > patients R. cerebellum (vermis) 3 —-59 —-12 5.31 1264
R. calcarine gyrus (BA 17) 12 -89 8 4.16 264
L. middle temporal gyrus -50 —56 2 3.98 262
L. superior frontal gyrus -29 -8 65 5.25 250
R. temporoparietal junction 30 -39 39 4.71 233
L. Hippocampus —24 -27 -2 4.13 143
R. middle frontal gyrus 36 2 59 4.09 138
R. fusiform gyrus 24 —42 —20 4.05 119
L. cerebellum -23 =71 —26 4.10 106
R. superior parietal lobe 5 —83 47 4.40 101
L. supramarginal gyrus —57 -29 41 4.09 97
L. Precuneus -9 =75 56 3.62 68
R. Hippocampus 30 -8 —38 3.71 65
R. lingual gyrus 27 -89 —15 4.04 58
R. precentral gyrus (BA 44) 62 11 21 4.49 57

Avoidance

Patients > controls L. calcarine gyrus (BA 17) 0 —87 =5 6.39 587
L. postcentral gyrus (BA 1) —44 —-32 62 4.68 353
L. paracentral lobule (BA 4) -5 —-26 54 4.72 167

Controls > patients R. cerebellum (vermis) 2 —60 —14 4.66 631
R. calcarine gyrus (BA 17) 12 -89 8 4.68 337
L. cerebellum —23 =77 —26 4.02 103
R. middle frontal gyrus 38 2 59 4.17 97
R. fusiform gyrus 36 —45 -9 3.87 90
R. lingual gyrus (BA 18) 27 —89 —15 4.42 87
L. superior frontal gyrus —-29 -8 65 4.10 66

Explicit task

The repeated-measures ANOVA, including VIQ as
a covariate, revealed a significant effect of diagnosis,
F(1,28) =4.312, p = .043, np2 = .122, with stronger
amygdala activation in controls, but neither a signif-
icant emotion effect, F(2, 56) = 0.435, p = .650,
nor laterality effect, F(1, 28) = 0.641, p = .431, nor
VIQ effect, F(1, 28) = 0.422, p = .522. Moreover, no
interaction reached significance (all p > . 224).

Corollary analyses
Implicit task

Since we observed no significant laterality effect,
we used the mean amygdala parameter estimates to
investigate an association between BIS scores and
avoidance of angry expressions, and between BAS
scores and approach of happy and neutral faces. We

observed a significant positive association between
BAS scores and amygdala activation during approach
of happy faces (r = .392, p = .024). However, no
other correlation reached significance (all p > .170).
Exploring the association of psychopathology (BDI,
HAMD, and GAF) with amygdala activation in the
implicit task also revealed no significant correlation
(all p > .268).

Explicit task

Correlating mean amygdala parameter estimates
with BIS/BAS values revealed a significant correla-
tion between amygdala activation during perception of
angry faces and BIS scores (r = —.533, p = .050).
However, BAS values did not show any significant
association with processing of happy or neutral faces
in the amygdala (all p > .287).

Analysis of associations between psychopatholog-
ical rating scales and amygdala activation revealed
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TABLE 3
Significant group effects of approaching happy and avoiding angry faces (threshold: t > 3.14, p < .05 HET corr.) are given,
and regions are listed with MNI coordinates, cluster size («), and t values

MNI

Contrast Cluster X y z tvalue K

Approach happy

Patients > controls L. calcarine gyrus 0 -89 —6 5.51 437
L. postcentral gyrus (BA 1) —45 -32 62 4.55 409
L. inferior occipital gyrus —51 =717 -9 4.29 73

Controls > patients R. cerebellum 3 -59 —14 4.74 326
L. superior frontal gyrus —-29 —8 65 431 111
R. fusiform gyrus 32 —80 -3 4.02 61
R. superior parietal lobe 29 -39 38 3.99 56

Avoid anger

Patients > controls L. calcarine gyrus 0 —87 =5 5.38 364
L. postcentral gyrus (BA 1) —44 -32 60 3.96 163

Controls > patients R. cerebellum (vermis) 3 —60 —14 5.09 1126
R. calcarine gyrus (BA 17) 12 -89 8 4.87 436
L. cerebellum —24 =77 —26 3.81 178
L. SMA 0 9 56 3.81 178
L. dorsal ACC -8 17 33 3.72 153
R. fusiform gyrus 36 —45 -8 4.51 153
L. middle frontal gyrus 35 0 59 4.22 142
L. superior frontal gyrus —-29 -8 65 4.22 108
R. superior parietal lobe 5 —84 45 4.27 65
R. insula 38 0 =5 3.71 61

Approach happy vs. avoid happy

Patients > controls R. orbitofrontal gyrus 30 39 3 4.28 66
R. supramarginal gyrus 50 —48 30 3.77 57

Controls > patients L. posterior cingulate cortex —-21 —51 18 4.46 238
R. posterior cingulate cortex 11 —24 38 3.78 72

Avoid anger vs. approach anger

FPatients > controls L. caudate nucleus —12 5 17 4.22 64
R. cerebellum 6 —45 —18 3.67 62

Controls > patients R. orbitofrontal gyrus 14 26 —17 4.18 67
L. inferior frontal gyrus -36 -5 27 4.10 87
R. inferior frontal gyrus 38 —6 23 4.09 95

Note: SMA = Supplementary Motor Area; ACC = Anterior Cingulate Cortex.

significant negative correlations between BDI values
and amygdala activation for happy faces (r = —.600,
p = .018). Stronger depressive symptomatology was
associated with less amygdala involvement. Amygdala
activation during perception of angry faces showed a
significant positive association with global assessment
of functioning scores (r = 0.574, p = .025); hence,
a higher level of functioning indicated a stronger
amygdala response to angry faces. HAMD scores did
not show any significant association with amygdala
response (all p > .396). Figure 5 illustrates the sig-
nificant correlations between amygdala activation and
clinical parameters.

DISCUSSION

The aim of the present fMRI study was to examine
the neural underpinnings of social approach and
withdrawal in patients suffering from depression.
Therefore, we explored behavioral approach and

avoidance tendencies in response to evoked expres-
sions of happy, neutral, and angry facial expressions.
Moreover, in contrast to previous studies (e.g., Hasler,
Allen, Sbarra, Bootzin, & Bernert, 2010; Kasch et al.,
2002; McFarland et al., 2006), we directly compared
rather automatic with more conscious behavioral reac-
tions to these salient emotional cues by relying on an
implicit as well as an explicit task.

In comparison to age-, gender-, and education-
matched controls and despite unimpaired emotion
recognition ability, we observed significant avoidance
behavior in the patient sample that was accompa-
nied by dysfunctional neural activation including the
amygdala region.

Amygdala and social withdrawal

In the present study, we observed significantly less
amygdala activation in patients compared to controls
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PATIENTS

APPROACH vs. AVOID
HAPPINESS

CONTROLS

p<.05 HET corr.

Figure 3. Results of the implicit task, revealing widespread activation in patients (top) and controls (bottom) for avoid versus approach angry
faces (left). On the right side, the direct comparison of approach versus avoid happy faces is depicted with less activation in patients (top) than

controls (bottom).

during approach and withdrawal in the explicit task,
whereas in the implicit task, only a trend in this direc-
tion emerged. Across all participants, correlation anal-
ysis revealed significant negative associations of the
self-report BIS data with amygdala activation during
processing of angry faces, indicating lower amyg-
dala activation with higher BIS scores. In patients,
this finding further extended to symptom severity
and global functioning. BDI scores correlated nega-
tively with amygdala activation during processing of
happy expressions, indicating that the more depressed
patients feel, the less amygdala participation they
reveal during expected explicit approach toward pos-
itive faces. This specific problem of depressed patients
is also reflected in significant correlations between
amygdala activation and BDI scores, indicating that
the more depressed patients feel, the more they tend
to avoid, and this will also be reflected in less amyg-
dala activation. Correspondingly, the higher their level

of functioning, the more amygdala activation was
demonstrated during explicit avoidance and approach
of angry faces. Thus, the more amygdala activation
was demonstrated, the better patients coped with their
life and everyday needs.

Dysfunctional activation of the amygdala, a cen-
tral structure in the limbic emotion network, has been
observed in several neuroimaging studies addressing
emotion processing in patients with major depres-
sion. Mostly, previous studies reported a hyper-
activation of the amygdala when patients were
confronted with mood-congruent facial expressions,
such as facial expressions depicting sadness (e.g.,
Phillips, Drevets, Rauch, & Lane, 2003; Whalen,
Shin, Somerville, McLean, & Kim, 2002). Recently,
Suslow and colleagues (2010) applied a backward-
masking design using happy and sad faces and
neutral expressions as masks, and they observed
this mood-congruency effect—elevated amygdala
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DIRECT COMPARISON HAPPINESS (Explicit task)

Controls > Patients

Activation strength

Y= -1, p<.05 HET corr.

PATIENTS

CONTROLS

Figure 4. Results from the 7-contrast directly comparing neural activation during processing of happy faces of patients and controls. Controls
showed significantly stronger activation of the left amygdala (x, y, z: —18, =2, —2; k = 69, t = 4.06, p < .05 HET corr.), which is also apparent

in the parameter estimates marked with an asterisk.

TABLE 4
Significant group effects for the explicit task are given (t > 3.19, p < .05 HET corr.), and regions are listed with MNI
coordinates, cluster size (), and t values

MNI

Contrast Cluster X y z t value K

HAPPY

Patients > controls R. calcarine gyrus (BA 17) 14 —98 —6 3.98 132
L. inferior occipital gyrus (BA 19) -50 —80 -9 3.97 60

Controls > patients L. lingual gyrus (BA 18) -3 —65 0 4.30 130
L. cerebellum -5 —63 -20 3.80 119
L. cerebellum -8 —47 —11 4.14 85
R. cerebellum 18 —44 —48 4.04 71
L. amygdala —18 -2 —20 4.06 69
R. cerebellum 47 —48 -29 3.96 68

Anger

Patients > controls - - - - - -

Controls > patients L. cerebellum -8 =77 -32 4.92 868
L. fusiform gyrus -39 —57 -21 4.53 239
L. cerebellum -2 —65 -2 5.56 206
R. fusiform gyrus 45 —50 -29 4.30 176
L. superior occipital gyrus —15 -93 35 4.55 130
L. cerebellum -20 —69 —47 3.99 96
R. inferior frontal gyrus 50 30 14 3.71 95
R. cerebellum 38 —75 —24 4.21 88
L. cerebellum -3 —60 -21 4.03 68
L. cerebellum -8 —47 —11 3.97 56

activation during processing of sad faces in patients—
but also decreased activation during processing of
happy faces. Similarly, for approaching happy faces
in the explicit task, we also observed decreased
amygdala activation of the patient sample. Suslow
et al. (2010) assume that the significantly lower
amygdala response to positive emotional faces might

indicate less engagement in the encoding of pos-
itively valenced stimuli, eventually leading to dis-
turbed relationships in the sense of less attunement
and mutual involvement (Bouhuys, Geerts, Mersch,
& Jenner, 1996; Surguladze et al., 2004). Hence, in
addition to a stronger avoidance response to angry
faces, depressed patients also withdraw from happy
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CORRELATION ANALYSES
ROI-AMYGDALA and CLINICAL PARAMETERS
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Figure 5. Results from correlation analyses showing a significant negative association between amygdala activation during processing of
happy faces and BDI scores (left), revealing that the more severe the symptoms (higher BDI scores), the less amygdala activation was observable.
Moreover, a significant positive correlation between amygdala activation during processing of angry faces and global assessment of functioning
(GAF) scores (right) emerged, indicating that the higher the GAF scores (the better patients cope with everyday living), the higher the amygdala

activation.

faces. Thus, patients also avoid persons with a pos-
itive, smiling expression, which in most cultures (or
at least the Western culture of all these patients) is
considered the nonverbal sign of an invitation to join
someone, to take a step closer, and, thus, it is a prompt
followed by most people in everyday life. Hence,
our results demonstrate that patients show an inade-
quate and abnormal behavioral tendency in a positive
socio-emotional context.

Neural correlates of social withdrawal

Patients and controls performed equally well in
the implicit task; however, group differences were
detected for the neural correlates of approach and
avoidance behavior.

Direct comparison of implicit avoidance and
approach of angry faces in patients vs. controls
revealed stronger activation of the left caudate and the
right cerebellum in patients.

The left caudate nucleus is known to be involved
in reward processing (Balleine, Delgado, & Hikosako,
2007) as well as feedback processing (Graybiel, 2005;

Packard & Knowlton, 2002) and emotion regulation
(e.g., Beer & Lombardo, 2007). Concerning emotion
processing and depression, our results support findings
from Scheuerecker et al. (2010), who reported stronger
response of the left caudate nucleus in depressed
patients than controls during an emotion-matching
task. Interestingly, increased activation of the caudate
region has also been shown during emotional stress
situations in cocaine-dependent patients (Li & Sinha,
2008). Probably, our task instructing patients to avoid
and approach other people, or at least simulate it with
the joystick, put them in a strong emotional stress sit-
uation reflected in the increased caudate activation.
However, as mentioned by Beer and Lombardo (2007),
the putative role of the caudate in regulating emo-
tions and stress responses is still speculative and needs
further examination.

Explicit evaluation of angry faces elicited stronger
activation of the left precuneus, the right calcarine
gyrus, and the posterior cingulate. In their meta-
analysis, Cavanna and Trimble (2006) demonstrated
that activation of the anterior precuneus has repeat-
edly been observed during mental and motor imagery,
but evidence has accumulated that this region also
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plays a particular role in social cognition, self-agency,
and self-processing (e.g., Kjaer, Nowak, & Lou,
2002; Koenigsberg et al., 2009; Lou et al., 2004;
Vogeley & Fink, 2003). Moreover, den Ouden, Frith,
and Blakemore (2005) speculate that the precuneus
together with the posterior cingulate is specifically
involved in processing of intentions related to the self.
Thus, patients seem to be specifically aware of the
intention to withdraw from angry faces, which was the
major tendency in patients (and most controls).

Regarding social withdrawal in controls (compared
to patients), we observed significantly stronger acti-
vation of the right orbitofrontal gyrus and the infe-
rior frontal gyrus bilaterally. Activity in the inferior
frontal gyrus has been repeatedly observed during var-
ious emotional processes, such as passive viewing of
faces (Dapretto et al., 2006), and emotion recognition
and evaluation (Carr et al., 2003; Seitz et al., 2008);
only recently has it been reported to play a major
role in emotional perspective taking (Schulte-Riither,
Markowitsch, Fink, & Piefke, 2007; Schulte-Riither
et al., 2008; Derntl et al., 2010). Schulte-Riither and
colleagues (2007) assumed that this activation might
mirror the degree of interpersonal emotional involve-
ment. This suggests that controls can strongly partici-
pate and respond emotionally when confronted with a
salient stimulus communicating the request to go away
(cf. Horstmann, 2003), thereby facilitating avoidance
behavior (cf. Marsh, et al., 2005).

Neural correlates of social approach

Analyzing approach versus avoidance of happy faces
revealed that patients (compared to controls) relied
on activation of the right orbitofrontal gyrus and
the right supramarginal gyrus. Only recently, Hsu,
Langenecker, Kennedy, Zubieta, and Heitzeg (2010)
observed significant positive correlations between
self-report scores on recent negative life stressors
and activation of the orbitofrontal gyrus bilaterally
during processing of negative words in depressed
patients. Furthermore, Surguladze and colleagues
(2010) observed stronger activation of this region in
depressed patients during processing of facial expres-
sions of strong disgust. According to Kringelbach
and Rolls (2004), the orbitofrontal gyri are specifi-
cally engaged in representing the emotional impact of
anticipated negative outcomes. Moreover, this region
has also been found to be ineffective in downregu-
lating amygdala activation during effortful reappraisal
of negative stimuli (Johnstone, van Reekum, Urry,
Kalin, & Davidson, 2007). Hence, approaching some-
one, even when the person is smiling, seems to be

associated with anticipated negative outcome and inef-
ficient emotion regulation in patients suffering from
depression.

Moreover, patients (compared to controls) recruited
the right supramarginal gyrus more strongly during
approach of happy faces. Activation of this region has
consistently been observed during memory retrieval
(e.g., Naghavi & Nyberg, 2005; Wagner, Shannon,
Kahn, & Buckner, 2005), and has been shown to
mediate attention toward stimuli that are potentially
important for the individual (e.g., Downar, Crawley,
Mikulis, & Davis, 2002). Consequently, Ciarimelli,
Grady, and Moscovitch (2008) demonstrated elevated
activation of the inferior parietal lobe, including the
supramarginal gyrus, when individuals subjectively
felt as if they were reliving their memories and were
confident about their memories, and when these mem-
ories were strong. Depressed patients have to endure
many negative experiences in social interaction, par-
ticularly regarding approach behavior; thus, they may
anticipate exclusion and memorize prior experiences
of social rejection, which might be reflected in the
neural activation.

In controls (compared to patients), the posterior cin-
gulate bilaterally was associated with approach toward
happy faces. Notably, patients recruited this region
more strongly when they processed angry faces in the
explicit task, mostly during imagination of avoiding
these faces. The posterior cingulate cortex is an impor-
tant node in the processing of social-affective stimuli
(e.g., Amodio & Frith, 2006; Kross, Egner, Ochsner,
Hirsch, & Downey, 2007; Northoff & Bermpohl,
2004), it is involved in emotional experience (Britton
et al., 2006; Koenigsberg et al., 2009), emotion reg-
ulation, particularly distancing oneself from aversive
images (Koenigsberg et al., 2010), and it has recently
been shown to be essential when forming social pref-
erences (Chen et al., 2010).

Regions which show activation
irrespective of behavioral tendency and
emotional expression

Irrespective of behavioral tendency and emotional
expression, patients showed stronger reactivity of the
primary visual cortex (calcarine gyrus, BA 17) than
controls. Interestingly, greater activation of this region
to negative facial expressions has been reported to be
associated with a good clinical outcome in depres-
sion (Keedwell et al., 2010). Additionally, patients
exhibited stronger activation of the postcentral gyrus
(BA 4), which has been repeatedly observed in studies
investigating neural dysfunctions during processing of
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emotional faces in depression (e.g., Beevers, Clasen,
Stice, & Schnyer, 2010; Fu et al., 2004). Concerning
emotion processing, Adolphs (2002) indicated that the
somatosensory cortex is essential for emotional conta-
gion. Hence, this elevated activation of primary visual
and primary somatosensory cortices might reflect
intensified neural processing at a very basic level.
Probably when confronted with emotional expres-
sions and instructed to approach or avoid these faces,
depressed patients not only show perceptual biases
yielding stronger visual responses but are also affected
more strongly emotionally.

Besides its association with various motor func-
tions and even speech perception and production (for
review, see Ackermann, Mathiak, & Riecker, 2007),
the cerebellum is also known to be involved in emotion
processing (Schmahmann, 2000), emotional modula-
tion of cognitive processing (Simpson et al., 2000),
and emotional experience (Derntl et al., 2010; Hofer
et al., 2006, 2007). We observed cerebellar activation
during approach and avoidance in the implicit task in
both groups; however, controls showed significantly
stronger recruitment of this region irrespective of
behavioral tendency. Together with further functional
abnormalities (Liu et al., 2010; Naismith et al., 2010),
one can speculate that this region plays a neglected role
not only in emotion but also in the pathophysiology of
depression.

Behavioral performance and self-report
data

The behavioral performance partly corroborates pre-
vious results from our lab (Seidel et al., 2010a),
where we also observed that patients showed stronger
avoidance during the explicit task (i.e., conscious
focusing on approach or avoidance of the pre-
sented face). However, during the implicit task, which
rather prompts automatic behavioral tendencies, no
group difference was apparent. As hypothesized, we
observed significantly higher BIS and lower BAS
scores in patients, thereby supporting previous findings
(e.g., Kasch et al., 2002; McFarland et al., 2006; Seidel
et al., 2010a).

Hence, we assume that the self-reported behavioral
tendencies and the performance in the explicit task
are prone to the perceptual and interpretative biases
of depressed patients, who tend to consciously draw
back from positive social context and hence puta-
tively positive social experiences (Gable & Shean,
2000). Beevers (2005) postulated a dual process model
of information processing in depression, proposing
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an associative mode, which acts automatically, and a
reflective mode, which is effortful and consumes cog-
nitive resources. This model suggests that depressive
cognition is characterized by a negatively biased auto-
matic processing not corrected by the reflective mode.
Our data indicate that with respect to the aberrant
approach and avoidance tendencies in depression, and
thus social withdrawal, the reflective mode (explicit
task) is disturbed. These disturbances in consciously
controlled aspects of social interaction might therefore
be accessible to cognitive behavioral therapy (CBT),
and the dysfunctional behavioral tendencies to behav-
ioral activation therapy (BAT). Hence, our data have
a clinical implication which should be addressed in
greater detail in future studies.

Regarding emotion recognition, we observed no
significant group difference but a significant group-by-
emotion interaction, indicating that patients showed
higher accuracy for fearful faces. We did not expect
this finding; however, if we look at the published stud-
ies reporting emotion-recognition deficits in depres-
sion, there are several differences in task design and
sample characteristics that might explain the diver-
sity in findings (for overview, see Bourke, Douglas
& Porter, 2010). While we used an explicit emotion-
recognition task showing 36 stimuli (6 per emo-
tion and 6 neutral expression) with a forced-choice
answering format, several other studies only showed
a limited range of emotions including happiness, sad-
ness, and neutral expressions (e.g., Gur et al., 1992;
Mikhailova, Vladimirova, Iznak, Tsusulkovskaya, &
Sushko, 1996), and some relied on the face in the
crowd task (e.g., Suslow et al., 2001, 2004), which
does not directly assess recognition accuracy, or pre-
sented schematic faces in an emotion-discrimination
task (e.g., Bouhuys et al., 1996). Moreover, we inves-
tigated depressed patients without any comorbidity,
in contrast to most other studies, which included
depressed patients with a comorbid anxiety disor-
der (e.g., Bouhuys et al., 1997; Gilboa-Schechtman,
Erhard-Weiss, & Jeczemien, 2002), or even merged
depressed and bipolar patients (e.g., Gur et al., 1992;
Rubinow & Post, 1992). In the latter, we reported
emotion-recognition deficits (Derntl et al., 2009d).
Moreover, recent results from Anderson and col-
leagues (2011) indicate no significant difference in
recognition accuracy between controls and currently
depressed patients but showed that remitted patients
performed significantly better than the two other
groups. Thus, these results support our data showing
no significant difference in emotion-recognition per-
formance between currently depressed patients and
matched controls.
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Limitations

Due to the small sample size, analysis of gender differ-
ences was not possible. However, depression in men
and women differs in prevalence (e.g., Kessler et al.,
2005), etiology (e.g., Piccinelli & Wilkinson, 2000),
and severity and symptom presentation (e.g., Smith
et al., 2008). Moreover, in a previous study from our
lab applying the implicit and explicit task to measure
approach and avoidance behavior in depression (Seidel
et al., 2010a), we observed significantly stronger
social withdrawal in female patients. Future studies
should explore whether these behavioral differences
are accompanied by distinct neural responses further
characterizing female and male depression. Moreover,
due to the small sample size and the exploratory nature
of most of the corollary analyses, we did not apply an
alpha correction for multiple correlations.

Considering the impact of medication on neu-
ral processing, it has recently been proposed that
antidepressants modulate affective processing rather
than directly affecting mood (Harmer, 2010; Harmer,
Goodwin, & Cowen, 2009). Consequently, previous
studies have repeatedly shown that antidepressant
medication affects amygdala responses to emotional
stimuli: while some observed reduced amygdala acti-
vation to negative stimuli (e.g., Fu et al., 2004; Harmer,
Mackay, Reid, Cowen, & Goodwin, 2006; Norbury
et al., 2007; Sheline et al., 2001), others observed
enhanced amygdala activation to positive faces (e.g.,
Fu et al., 2007; Norbury, Mackay, Cowen, Goodwin, &
Harmer, 2009; Schaefer, Putnam, Benca, & Davidson,
2006). We observed significantly less amygdala acti-
vation to happy and angry faces in the explicit task and
a trend toward stronger amygdala activation irrespec-
tive of emotion in controls in the implicit joystick task.
Thus, our data from medicated patients only partly
support pervious findings. In light of the small number
of fMRI studies addressing antidepressant treatment
effects on the neural substrates of emotion processing
in depressed patients, and considering our small sam-
ple size with mixed medication, it is hard to infer how
medication influenced the current results. Therefore,
future neuroimaging studies should highlight how and
where antidepressants influence the neural correlates
of emotional competencies, such as social approach
and withdrawal.

The color of the frames (blue = pull, yellow =
push) was not counterbalanced across subjects. Thus,
we cannot rule out that color may represent a potential
confound. Future studies should use counterbalanced
designs to control for this issue.

Conclusion

This study investigated the behavioral and neural cor-
relates of implicit and explicit social approach and
withdrawal in patients suffering from major depres-
sion. We found stronger social withdrawal in depressed
patients, and this was also reflected in stronger neural
activation of a widespread network during avoidance
of angry faces. Moreover, during approach, patients
showed stronger activation of orbitofrontal and supra-
marginal gyri, regions that have been associated with
anticipated negative outcome and memory retrieval.
We also observed a significant decrease in amygdala
activation, particularly during processing of happy
faces in patients. Additionally, the significant correla-
tions between psychopathology and amygdala activa-
tion, as well as behavioral data, support the notion that
more pronounced depressive symptoms are accompa-
nied by stronger neural dysfunctions and inadequate
behavioral tendencies. This in turn may aggravate the
disorder by negative social interactions contributing to
isolation and reinforcing cognitive biases.
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