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Studies using functional magnetic resonance imaging (fMRI) show predominant negative blood oxygenation level-dependent (BOLD)

responses (NBRs) in regions of the default-mode network such as the pregenual anterior cingulate cortex, the ventromedial prefrontal

cortex, and the posterior cingulate cortex. Patients with major depressive disorder (MDD) show emotional–cognitive disturbances,

which have been associated with alterations within the default-mode network. However, it remains unclear whether these default-mode

network alterations are related to abnormalities in NBRs. We therefore investigated neural activity in the default-mode network during

different emotional tasks in patients with MDD in an event-related fMRI design. MDD patients showed significantly reduced NBRs in

several regions of the default-mode network. Decreased NBRs in MDD patients correlated with depression severity and feelings of

hopelessness. In sum, our findings demonstrate that default-mode network NBRs are reduced in MDD and modulate these patients’

abnormally negative emotions.
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INTRODUCTION

The mesial cortex or the so-called cortical midline struc-
tures (CMS) have increasingly become a focus of attention
in neuroimaging. The CMS, which include the ventro-
medial prefrontal cortex (VMPFC), the perigenual anterior
cingulate cortex (PACC), and the posterior cingulate cortex
(PCC) are characterized by negative blood oxygenation
level-dependent (BOLD) responses (NBRs) rather than
positive BOLD responses (PBRs) during various emo-
tional–cognitive tasks (Gusnard et al, 2001; McKiernan
et al, 2003; Northoff et al, 2004; Raichle and Gusnard, 2005;
Fransson, 2005; Grimm et al, 2006). Together with other
cortical regions (dorsomedial prefrontal cortex, lateral
parietal cortex, and superior temporal gyrus) these areas
are considered part of the default-mode network (Raichle
et al, 2001; Raichle and Gusnard, 2005) which is characteri-
zed by high neuronal resting- state activity and inhibited in
tasks that require subjects to attend to external stimuli
(Greicius et al, 2004; Fransson, 2005; Fox et al, 2005, 2006).

Regions that belong to the default-mode network also show
alterations in neuronal activity in major depressive disorder
(MDD), a disease that is characterized by strong feelings
of sadness, guilt, worthlessness, and hopelessness (Raes
et al, 2006; Treynor, 2003; Rimes and Watkins, 2005).
Imaging studies in MDD demonstrated structural abnorm-
alities as well as increased signal intensities in ventral CMS.
Increased activity has mainly been found in the subgenual
cingulate, PACC, and VMPFC (Rajkowska, 2002, 2003;
Mayberg, 2003; Canli et al, 2004; Lawrence et al, 2004;
Surguladze et al, 2005; Beauregard et al, 2006). Increased
activity in the anterior cingulate was shown to be associated
with severity of depressive symptoms, neuropsychological
deficits, and response to antidepressants (Dunn et al, 2002;
Kimbrell et al, 2002; Kennedy et al, 2001; Davidson et al,
2003). A recent resting-state functional magnetic resonance
imaging (fMRI) study by Greicius et al (2007) investigated
the default-mode network in MDD patients and demon-
strated a significantly greater subgenual cingulate and
thalamic functional connectivity, which was disproportio-
nately driven by activity in the subgenual cingulate. Depres-
sion refractoriness, as measured by the length of the current
episode, was positively correlated with functional connec-
tivity in the subgenual cingulate. Though these investiga-
tions suggest functional alterations in the default-mode
network, altered NBRs during emotional processing remain
to be investigated in MDD. We aimed at investigating NBRs
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in ventral CMS regions in MDD. As resting-state abnorm-
alities of the default-mode network in MDD as well as
increased signal intensities during different emotional–
cognitive tasks have been demonstrated by previous studies
(Mayberg, 2003; Surguladze et al, 2005, Beauregard et al,
2006; Greicius et al, 2007), we hypothesized abnormal NBRs
in MDD patients. To induce default-mode NBRs, we relied
on a previously successfully established paradigm that
probed two external emotional stimulations (emotional
perception (EP) and emotional judgment (EJ)) and an
internal one (emotional expectancy) (Grimm et al, 2006;
Bermpohl et al, 2006; Heinzel et al, 2005). We hypothesized
that MDD patients show reduced NBRs in the default-mode
network during the external emotional tasks, whereas no
abnormal signal changes were expected in the internal
condition. As previous studies implicated default-mode
network NBRs in negative emotion processing and its
interaction with the self (Heinzel et al, 2005; Grimm et al,
2006; Lewis et al, 2006; Phan et al, 2004; Moran et al, 2006),
we hypothesized that reduced NBRs are related to depres-
sive symptoms (hopelessness and depressive cognitions)
and depression refractoriness (duration of the current
episode and number of previous episodes).

MATERIALS AND METHODS

Subjects

Subjects with an acute MDD episode were recruited from
the in-patient Department of Psychiatry at the University of
Zurich. Eligibility screening procedures included the 21-item
Hamilton Depression Rating Scale (HDRS) (Hamilton,
1960), the 21-item Beck Depression Inventory (BDI) (Beck
et al, 1961), the 20-item Beck Hopelessness Scale (BHS),
(Beck et al, 1974) and clinical laboratory tests. Diagnoses of
depression were made by the participants’ treating psychia-
trists. Family history was not obtained and therefore not
used in the inclusion/exclusion criteria. Inclusion criteria
were a score of at least 24 on the HDRS and the BDI. These
criteria were designed to ensure inclusion of participants
with similar levels of endogenous-type symptoms. Ratings
were conducted by psychiatrists or research assistants who
had demonstrated adequate inter-rater reliability. Exclusion
criteria were major medical illnesses, histories of seizures,
head trauma with loss of consciousness, abnormal clinical
laboratory tests, and pregnancy. Additionally, patients
who were actively suicidal, met criteria for any psychiatric
disorder other than MDD, had a history of substance abuse
or electroconvulsive therapy in the previous 6 months, or
had a history of substance dependence were excluded from
the study. Patients had been free of psychotropic medication
for at least 1 week prior to scanning. Healthy subjects
without any psychiatric, neurologic, or medical illness were
self-referred from online study advertisements. Control
subjects were paid 30 Swiss Francs/h. The study was
approved by the University of Zurichs’ Institutional Review
Board, and all subjects gave written informed consent before
screening. All subjects were right-handed as assessed with
the Edinburgh Handedness Inventory (Oldfield, 1971). After
applying the exclusion criteria above, fMRI scans from 20
depressed subjects and 30 control subjects were processed.
Of these scans, two could not be included in the analysis

owing to structural abnormalities in the 3D T1-weighted
anatomical scan (one depressed subject and one control).
This resulted in usable fMRI data on 19 subjects with
depression and 29 control subjects.

Pictorial Stimuli

Subjects viewed full-color pictures selected from the
International Affective Picture System (IAPS) (Lang et al,
1999) with positive (IAPS norm ratings: 7.32±2.06) and
negative (IAPS norm ratings: 2.24±2.67) valence. Positive
pictures included stimuli such as smiling babies, flowers,
and landscapes. Negative pictures included stimuli such as
burn victims, snakes, and weapons pointed at others as well
as at the viewer. The picture sets were counterbalanced
across all subjects as well as within each subject according
to the two categories of valence as well as according to
dominance, intensity, human faces, and human figures. All
pictures were centered on a black background. The pictures
were generated by an in-house software (SCOPE V2.5.4
Display Program; Max R Duersteler, University Hospital
Zurich, Switzerland) and rear projected onto a projection
screen positioned at the head end of the MRI scanner
bore. Subjects viewed the screen through a mirror mounted
on the head coil and responded by pushing a fiber-optic
light-sensitive keypress.

Experimental Design

The fMRI design was ‘event related’ with emotional stimu-
lation alternating with a fixation control condition and an
expectancy condition (Figure 1). The IAPS pictures serving
for emotional stimulation were presented for 4 s. In half
of the presented pictures, subjects had to judge them as to
whether they were positive or negative in content (‘EJ’);
this was indicated by the letters ‘P/N’ in one corner of the
picture. Subjects were to press the keypress button under
the index finger of their left hand, if the picture was judged
as negative and to press the button under the index finger
of their right hand, if the picture was judged as positive.
In the other half of the presented pictures, subjects had
to passively view the picture (‘EP’); this was indicated by
the letters ‘A/A’ in one corner of the picture. Here, subjects
were instructed to arbitrarily press a button with their
left or right index finger without making any judgment to
control for movement effects. Responses and response
times were recorded by the SCOPE program. Response
times were calculated from stimulus onset to the keypress
response. We did not include a non-emotional control
condition, eg neutral IAPS pictures for two reasons. First,
our focus was on the comparison of viewing and judgment
of emotional pictures with baseline, respectively, rather
than on the comparison of emotional and neutral pictures.
Second, neutral pictures show lower intensity ratings than
emotional pictures; differences in intensity between emo-
tional and neutral pictures might thus have interfered with a
valid comparison between viewing/judgment and baseline.
In 50% of the trials, the pictures were preceded by a resting
period (presentation of a fixation cross) and therefore
viewed and judged in an unexpected condition (‘unexpEP’
and ‘unexpEJ’). In contrast, the other 50% of the pictures
were preceded by an expectancy period of 8–11.5 s (8.0, 8.5,
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9.0, 9.5, 10.0, 10.5, 11.0, and 11.5 s) (‘expEP’ and ‘expEJ’),
indicating the type of task associated with the picture
subsequently presented. The purpose of this preceding
expectancy period was to include an internally oriented
condition that mostly relied on internal stimulation with
mental stimuli originating in the subject itself. The
expectancy period was indicated by presentation of a white
fixation cross on a dark background and a letter in one of
the corners of the picture. ‘J’ indicated expectancy of a
subsequent judgment task, whereas ‘E’ was associated with
expectancy of subsequent picture perception. To prevent
fear or appetitive conditioning (Bechara et al, 1995), the
emotional expectancy cue did not provide information as to
whether a positive or negative emotional picture would
follow. After the presentation of each picture, a resting
period followed, where a fixation cross was presented for
6–8 s (6.0, 6.5, 7.0, 7.5, and 8.0 s). This allowed the subjects
to recover from emotional stimulation and, in addition,
served as a baseline condition to distinguish between
positive and negative BOLD responses (Stark and Squire,
2001). Subjects were instructed to fixate on the crosshair
when it was present. The duration of the resting period was
randomly varied accounting for variable stimulus onset
asynchrony. A total of 158 trials were presented in six runs;
79 trials were presented for EP (28 trials for unexpEP and 51
trials for expEP) and 79 trials for EJ (28 trials for unexpEJ
and 51 trials for expEJ). The different task conditions were
pseudorandomized within and across the six runs and their
order counterbalanced across all subjects. Prior to the
experimental session, the subjects were familiarized with
the paradigm by completing a test run of 10 trials.
Immediately after the fMRI session a selection of pictures
were presented for a second time. Each of the 151 pictures
(including 60 new ones for distraction) was followed by
a task period, which consisted of an emotional intensity
rating, valence rating, and recognition test. All three res-
ponses were given using a scale ranging from 1 to 9. Valence
assessment ranged on a continuum from ‘very negative’
(1) to ‘very positive’ (9). Emotional intensity rating scores
ranged on a continuum from ‘low’ (1) to ‘high’ (9). For
recognition of emotional pictures, choices ranged on a
continuum from ‘definitely not recognized’ (1) to ‘definitely
recognized’ (9). The 60 new emotional pictures were
matched in valence, intensity, and dominance with those
presented in fMRI. It is possible that emotional responses
may attenuate when pictures are seen for a second time.

However, this habituation effect applies equally to all
picture conditions and should not affect the differences
between conditions (Anderson et al, 2003). The mean
average of the three ratings was calculated for each subject.
Analysis of postscanning ratings was conducted separately
for positive and negative pictures. Postscanning ratings
were conducted with 28 healthy controls and 13 depressed
subjects, as some of the subjects were too exhausted after
the fMRI scan to continue the investigation.

Functional imaging. Measurements were performed on a
Philips Intera 3T whole-body MR unit equipped with
an eight-channel Philips SENSE head coil. Functional
time series were acquired with a sensitivity encoded
(Pruessmann et al, 1999) single-shot echo-planar sequence
(SENSE-sshEPI). SENSE makes use of receiver coil arrays
for image acquisition, which allow to reconstruct the
full-field-of-view (FOV) images from undersampled data
by using information from spatially varying coil sensitivity
profiles. In turn, the undersampling leads to shorter echo
train length and faster k-space coverage. SENSE compared
to conventional EPI has been shown to considerably reduce
susceptibility related image distortion and signal dropout
(Schmidt et al, 2005). The following acquisition parameters
were used in the fMRI protocol: TE (echo time)¼ 35 ms,
FOV¼ 22 cm, acquisition matrix¼ 80� 80, interpolated to
128� 128, voxel size¼ 2.75� 2.75� 4 mm3, and SENSE
acceleration factor R¼ 2.0. Using a mid-saggital scout
image, 32 contiguous axial slices were placed along the
anterior–posterior commissure plane covering the entire
brain with a TR¼ 3000 ms (y¼ 821). The first three
acquisitions were discarded due to T1 saturation effects.

Statistical Analysis

Behavioral data. Reaction times and judgments (positive/
negative rating) were analyzed in a multivariate ANOVA
with the factors group (healthy subjects/MDD patients),
valence (positive/negative pictures), task (EJ/EP), and
expectancy (with/without expectancy period). Postscanning
ratings of valence, intensity, and recognition were analyzed
in a group� valence ANOVA.

fMRI data. Data were analyzed using the SPM2 software
(www.fil.ion.ucl.ac.uk/spm/). Functional data were correc-
ted for differences in slice acquisition time, realigned to the

Expectancy:Emotion 
Judgment: 8-11.5 s

Expectancy:Emotion 
Perception: 8-11.5 s

Emotion Judgment: 
4 s

Emotion Judgment: 
4 s

Emotion Perception: 
4 s

Emotion Perception: 
4 s

Fixation cross: 
6-8 s

Fixation cross: 
6-8 s

Fixation cross: 
6-8 s

Fixation cross: 
6-8 s

Figure 1 Schematic representation of the fMRI paradigm for emotion perception (EP) and emotion judgment (EJ) of IAPS pictures. Pictures in both
conditions (EP and EJ) were presented either with or without a preceding expectancy period of 8–11.5 s. After the picture presentation of 4 s, a fixation
cross, indicating the resting period, was presented for 6–8 s.
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first volume, corrected for motion artifacts, mean-adjusted
by proportional scaling, normalized into standard stereo-
tactic space (template provided by the Montreal Neuro-
logical Institute), and spatially smoothed using a 8 mm
FWHM Gaussian kernel. The time series were high-pass
filtered to eliminate low-frequency components (filter width
128 s) and adjusted for systematic differences across trials.
Statistical analysis was performed by modeling the different
conditions (unexpected/expected EJ (unexpEJ and expEJ),
unexpected/expected EP (unexpEP and expEP), expectancy
periods preceding judgment/picture perception (exEJ and
exEP), and resting period) convolved with a hemodynamic
response function as explanatory variables within the
context of the general linear model on a voxel-by-voxel
basis. Realignment parameters were included as additional
regressors in the statistical model. A fixed-effect model at
a single-subject level was performed to create images
of parameter estimates, which were then entered into a
second-level random-effects analysis. To detect between-
group differences, the contrast images of all subjects of each
group (depressed and control subjects) were included in
a two-sample t-test (threshold po0.001, uncorrected and
at least five active voxels). fMRI analysis focused on the
comparison of the different emotional conditions with the
resting condition to reveal NBR. In the first step, we applied
whole-brain analysis to get an overview over all regions
showing NBR. Then region of interest (ROI) analyses were
performed to further investigate NBRs in these regions
and to correlate them with valence and psychopathological
parameters. We did not attend to differences between
positive and negative emotional stimuli, as the main focus
of our study was on the investigation of NBRs as induced by
emotional stimulation and not on the distinction between
the processing of positive and negative stimuli. No subject
had to be excluded due to susceptibility artifacts or
significant signal dropout. To exclude the possible influence
of unequal sample size between healthy (n¼ 29) and MDD
(n¼ 19) subjects, the depressed subjects were compared to
an age-matched sample of 19 healthy controls. Results
replicated those obtained from the full sample (n¼ 29).
Similarly, inclusion of age, gender, psychotropic medica-
tion, and length of wash-out period as covariates did not
have any influence on the results from group comparisons.
To determine whether subjects activated overlapping or
dissociable neuronal networks during EJ and EP, the two
contrasts of all subjects of each group were entered into a
random-effect conjunction analysis to determine areas of
activation common to both conditions (Price and Friston,
1997). Clusters of activation were identified with a global
height threshold of po0.05 (corrected for family-wise
errors (FWE)) and an extent threshold of k¼ 10 voxels.
Exclusive masking was applied to the conditions of interest,
ie EP/EJ respectively, to eliminate voxels activated by the
respective condition. The contrast rest4EJ was exclusively
masked with the contrast rest4EP (and vice versa: rest4EP
was exclusively masked with rest4EJ). The significance
level of the masks was set at po0.05 uncorrected. Clusters
of activation were identified with a global height threshold
of po0.05 (corrected for FWE) and an extent threshold
of k¼ 10 voxels. FWE correction was chosen because it
provides a more conservative approach than the FDR
correction that uses an adaptive threshold based upon both

the number of tests and the distribution of the uncorrected
p-values of those tests (Logan and Rowe, 2004). For the
ROI analyses of peak voxels, coordinates that were obtained
in contrasts of the between-group analyses (Table 1) were
selected. Regions of interest were functionally defined by
centering spheres on the respective peak voxels with a
radius of 10 mm. Analyses were carried out for the VMPFC
(12, 52, and �2), pregenual anterior cingulate cortex
(PACC) (10, 46, and �8) and the dorsal PCC (8, �10, and
46). For the ROI analyses, effect sizes (% signal change) for
the different conditions were extracted for each subject
separately using Marsbar (http://marsbar.sourceforge.net/).
The Marsbar toolbox uses the statistics machinery provided
by SPM. For each event, % signal changes were calculated
relative to the mean signal intensity of this ROI across the
whole experiment. Time course analyses were performed
applying a finite impulse response model that does not
make an assumption on the resulting signal changes after
stimulus presentation (Ollinger et al, 2001). Parameter
estimates of the peri-stimulus time histogram were calcu-
lated for eight time bins of 1TR (¼ 3 s) length for each
regressor of our design matrix. To detect the association of
signal changes in response to emotional stimulation with
valence, individual contrast images of the contrast rest4all
pictures (comprised of EP and EJ) were correlated with
scores from individual postscanning ratings of emotional
valence (Grimm et al, 2006; Anderson et al, 2003). Corre-
lation was assessed using SPM2 simple regression analysis
(po0.005 uncorrected, k410). To test the a priori
hypothesis of a dysfunction in the CMS, a ROI approach
focusing on PACC, VMPFC, and PCC was pursued. The
effect sizes in these regions were extracted using Marsbar
(see above) and then correlated with the individual scores
using Pearson correlation analysis. All correlation analyses
were calculated separately for healthy and MDD subjects. To
analyze the difference in r values, correlation coefficients
were compared using Fischer’s z-transformation. To detect
the association of signal changes in response to emotional
stimulation with psychopathological parameters and para-
meters of depression refractoriness, the correlation between
duration of the current episode, number of previous
episodes, patients’ scores on the HDRS, BDI, BHS, and
signal changes in PACC (10, 46, and �8), VMPFC (12, 52,
and �2) and PCC (8, �10, and 46) was analyzed in a
post hoc, ROI analysis using Marsbar (see above). We
also assessed the association with the different psycho-
pathological components of the HDRS (five-factor solution;
Milak et al, 2005). MDD patients’ individual scores were
correlated with signal changes during rest4all pictures
(comprised of EP and EJ) using Pearson correlation analysis.

RESULTS

Subjects

The control group had a mean age of 35.2 years with 21
women and 8 men. The depressed group had a mean age of
40.0 years with 11 women and 8 men. Groups did not differ
significantly in age (t-test p¼ 0.07) or gender distribu-
tion (w2 p¼ 0.35). The mean HDRS score was 33.1 (SD 7.1),
the mean BDI score was 29.9 (SD 4.9) and the mean BHS
score was 33.63 (SD 3.6) in the depressed group. The mean
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HDRS score was 3.6 (SD 1.5), the mean BDI score was 3.8
(SD 3.0) and the mean BHS score was 4.5 (SD 3.7) in the
control group. With regard to exposure to psychotropic
medications, control subjects and depressed subjects were
not taking any medications at the time of investigation. In
total, 3 of the 19 depressed subjects had never taken anti-
depressants. Patients had been free of psychotropic
medication for at least 1 week prior to scanning (9.1 days,
SD 7.9 days). The mean duration of the current episode was

15.8 weeks (SD 16.2), the number of previous depressive
episodes was 1.8 (SD 2.2).

Behavioral Data

Intrascanner ratings (reaction times and judgments).
There was a significant effect of group (F(1)¼ 145.37,
po0.001) and task (F(1)¼ 6.68, po0.001), but not of valence
(F(1)¼ 0.93, p¼ 0.33) and expectancy (F(1)¼ 2.44, p¼ 0.11)

Table 1 Differences between Healthy and Depressed subjects in Emotion Conditions (EP, EJ, ExEP, and ExEJ) when Compared to the
Resting Condition

Rest4emotion
perception

Rest4emotion
judgment

Perception
expectancy4rest

Judgment
expectancy4rest

Region Side H4MDD MDD4H H4MDD MDD4H H4MDD MDD4H H4MDD MDD4H

PACC R 10, 46, �8 10, 38, 12

3.41 3.75

VMPFC R 12, 52, �2 12, 58, 4

3.53 3.20

Dorsal PCC R 8, �10, 46

3.73

SACC L �8, 40, 14

3.75

Dorsal ACC L �2, 18, 42

3.43

Insula R 34, �12, �20

3.56

Caudate R 34, �30, 0

4.36

Precuneus R 2, �48, 52

3.43

Superior/middle
temporal gyrus

R 48, �30, 8 50, �6, �12

3.28 3.49

Superior/middle
temporal gyrus

L �62, �28, �2 �62, �28,�2

3.62 3.64

DLPFC R 38, 18, 46

3.77

DLPFC L �42, 10, 30 �42, 10, 26 �40, 10, 26

3.76 3.56 3.38

Occipital cortex R 30, �68, �12 30, �70, �10

4.89 4.80

Occipital cortex L �22, �90, �8 �22, �90,
�10

4.37 4.11

Parietal cortex R 52, �60, 34

3.41

Parietal cortex L �20, �74, 48 �20, �74, 50

3.38 3.37

Abbreviations: ACC, anterior cingulate cortex; DLPFC, dorsolateral prefrontal cortex; MDD, MDD patients; PACC, pregenual anterior cingulate cortex;
PCC, posterior cingulate cortex; SACC, supragenual anterior cingulate cortex; VMPFC, ventromedial prefrontal cortex.
The global height threshold for between-group comparisons (healthy versus MDD) was set to po0.001 uncorrected, the extent threshold to k¼ 5 voxels for all
contrasts. The values in the table represent maximum z values with peak voxel coordinates in the MNI stereotactic space.
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on reaction times. Post hoc t-tests demonstrated faster reac-
tion times in healthy subjects in EJ (t¼�8.75, po0.001) as
well as in EP (t¼�7.94, po0.001). Concerning the judg-
ments there was a significant group effect (F(1)¼ 74.66,
po0.001) and valence effect (F(1)¼ 3634.48, po0.001), but
no effect of expectancy (F(1)¼ 0.59, p¼ 0.44). Differences in
judgment between groups mainly concerned the positive
pictures, which were rated significantly less positive by the
MDD patients (t¼�2.45, p¼ 0.01). The results are indi-
cative of a consistent psychomotor impairment as well as a
negative bias in patients with MDD.

During EP, where subjects were asked to respond with
either hand, answers were symmetrical with respect to
positive and negative stimuli. Comparison between groups
showed significantly more symmetrical responses for
negative stimuli in healthy subjects (w2 po0.001) and for
positive stimuli in MDD patients (w2 po0.001).

Postscanning ratings. There was a significant effect of both
participant group (healthy and MDD) and picture valence
(positive and negative) on ratings of intensity F(1)¼ 82.13,
po0.001), recognition (F(1)¼ 14.61, po0.001), and valence
F(1)¼ 20.32, po0.001). Positive (t¼ 3.69, po0.001) and

negative pictures (t¼ 2.22, p¼ 0.02) were rated significantly
more negative by the depressive patients. MDD patients
rated positive (t¼ 5.68, po0.001) and negative pictures
(t¼ 6.14, po0.001) less intense and recognized significantly
less negative pictures (t¼ 3.84, po0.001) than healthy
subjects. There were no differences between groups for
recognition of positive pictures.

fMRI Data

Depressed subjects vs controls. Locations of responses
are summarized in Table 1. For the contrast rest4EP,
significantly decreased NBRs in the PACC and the dorsal
part of the PCC were found in depressed compared to
healthy subjects. The contrast rest4EJ also revealed signi-
ficantly decreased NBRs in the PACC, which extends
into the VMPFC and the SACC in depressed compared to
healthy subjects. In contrast to cortical midline regions,
other cortical regions showed differences in PBRs during
EP and/or EJ. Smaller PBRs in depressed patients were
observed in the occipital cortex bilaterally during both EP
and EJ and in the left DLPFC during EJ. Larger signal
increases in depressed patients were observed in the right
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DLPFC during EJ (Grimm et al, 2008). To confirm the find-
ing of task-independent NBRs in CMS (Figure 2a and b), we
performed a conjunction analysis between rest4EJ and
rest4EP for both healthy and depressed subjects. In healthy
subjects, the conjunction analysis revealed overlapping
voxels at po0.05 FWE-corrected in PACC/VMPFC (6, 46,
and �2), dorsal PCC (8, �14, and 42) as well as in bilateral
superior/middle temporal gyrus (42, �32, and 6; �60, �28,
and �2). Common activation in the PACC extending into
the VMPFC (16, 50, and �4) and medial parietal cortex
(6, �32, and 66) was revealed in MDD subjects. To further
underline these findings, the contrasts between rest4EP
and rest4EJ were exclusively masked with each other. Such
masking analysis removes all voxels from the contrast
of interest that reached a significance level of po0.05
FWE-corrected in the masking contrast. The exclusive
masking analysis of (rest4EP) with (rest4EJ) revealed a
cluster of activation in the retrosplenial cortex (�10, �52,
and 12) in healthy subjects and in medial temporal gyrus
(36, �28, and �18) and retrosplenial cortex (�14, �58, and
10) in depressed subjects. The opposite masking analysis
of (rest4EJ) with (rest4EP) showed activation in the
right parietal cortex (56, �44, and 28) in healthy subjects
and in superior temporal gyrus (52, �50, and 20) and
precuneus (0, �62, and 48) in depressed subjects. Results
in the masking analysis of depressed subjects could only
be obtained if the threshold was lowered to po0.001
uncorrected. Regions of the default-mode network such as
the PACC, VMPFC, and dorsal PCC are therefore involved
in EP as well as in EJ, whereas more posterior CMS such as

the retrosplenial cortex are specifically associated with
EP. Negative BOLD responses in our ROIs, the CMS, were
obtained during both EP and EJ. Because of the task-
independent signal changes during emotional stimulation,
the two conditions were combined in the contrast rest4all
pictures and further analyses for the relationship of NBRs
with psychopathological parameters and emotional valences
were conducted using this contrast. Similarly to healthy
subjects, depressed patients showed PBRs rather than NBRs
in CMS during both expectancy periods (expectancy for
EP and EJ; ExEP and ExEJ). During the expectancy
periods, more PBRs in MDD subjects were observed in
the VMPFC, whereas less PBRs were found in the dorsal
anterior cingulate cortex and the left DLPFC (Table 1).
Smaller PBRs in depressed patients when compared to
healthy subjects were also found in the ROI analyses of
the signal changes in PACC and dorsal PCC (as visible in the
bar diagrams in Figure 2a and b), even though differences
did not reach statistical significance in SPM whole-brain
analysis.

Even though not in the focus of our study, for the sake of
completeness the direct comparison of EJ and EP (EJ4EP)
between MDD and healthy subjects is to be mentioned.
MDD patients showed significantly lower signal intensities
in the left DLPFC (�42, 10, and 30), the left parietal cortex
(-38, �30, and 50), and the right occipital cortex (18, �78,
and 24). Higher signal intensities in depressed subjects were
found in the right DLPFC (48, 28, and 0), the right parietal
cortex (56, �56, and 30) and the precuneus (0, �72, and 38)
(Grimm et al, 2008).
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Correlation of Signal Changes with Subjective Ratings
of Emotional Valence

Healthy subjects . To link the NBRs in the default-mode
network to emotional valences, subjective postscanning
ratings of emotional valence for negative and positive
pictures were separately correlated with signal intensities in
the contrast rest4all pictures, which revealed a significant
correlation for negative emotional valences in the VMPFC,
bordering on the PACC and the PCC (Figure 3). Stronger
NBRs in VMPFC (r¼ 0.58) and PCC (r¼ 0.49) were
accompanied by more negative ratings of negative emo-
tional pictures. Further regions of correlation included the
right superior temporal gyrus (r¼ 0.59), retrosplenial cortex
(r¼ 0.49), and subcortical regions (thalamus (r¼ 0.40)
and tectum (r¼ 0.67), VTA extending to substantia nigra
(r¼ 0.64) (Figure 4)). In contrast to negative emotional
valences, we did not observe any correlation of signal
changes in default-mode regions with positive emotional
valences.

Subjects with MDD . In contrast to healthy subjects, MDD
subjects showed no significant correlation of signal changes
in VMPFC, PCC, VTA, and tectum with negative emotional
valence in the contrast rest4all pictures (Figures 3 and 4).
In fact, the direction of correlation tended to be reversed
with decreased NBRs being accompanied by more negative
picture ratings. A comparison of correlation coefficients
using Fischer’s z-transformation confirmed significant
differences in correlation between groups (PCC: z¼�2.79,

po0.001; VMPFC: z¼�2.33, po0.001; VTA: z¼�4.63,
po0.001; tectum: z¼�2.52, po0.001).

Correlation of NBRS with Psychopathological
Parameters

In a post hoc, ROI analysis, the correlation between duration
of the current episode, number of previous episodes,
patients’ scores on the HDRS, BDI, BHS, and signal changes
in PACC, VMPFC, and PCC was analyzed. MDD patients’
subjective ratings of hopelessness (BHS score) correlated
significantly with signal changes in the VMPFC (r¼�0.79,
p¼ 0.02) and patients’ scores on the Hamilton Depression
Scale (HDRS score) with signal changes in the PCC
(r¼�0.62, p¼ 0.007) during rest4all pictures: decreased
NBRs were accompanied by stronger feelings of hope-
lessness and more severe depressive symptoms. Concern-
ing the relationship of the different psychopathological
components of the HDRS with NBRs, we found a signi-
ficant correlation of the factor ‘psychic depression’, which
includes items that reflect depressed mood, depressive
cognitions, and suicidal tendency with signal changes in
the PACC (r¼�0.53, p¼ 0.03) during rest4all pictures.
There were no significant correlations for the other four
factors that reflect different symptom clusters. Also, no
correlations in the default-mode network regions could be
found for the parameters of depression refractoriness
(duration of the current episode and number of previous
episodes) and BDI score.
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DISCUSSION

This study investigated neural activity in the default-mode
network during different emotional tasks in healthy subjects
and patients with MDD in an event-related fMRI design. For
both types of external emotional stimulation (EP and EJ),
significant negative BOLD responses were found in the
PACC, VMPFC, and dorsal PCC in both groups with NBRs
significantly reduced in MDD patients. Decreased NBRs in
the PCC and VMPFC in MDD patients correlated with
depression severity and feelings of hopelessness. NBRs in the
VMPFC correlated with ratings of negative emotional valence
(but not with positive emotional valence) in healthy subjects,
whereas this relationship was not found in MDD patients.

Previous studies demonstrated NBRs in default-mode
network during various emotional as well as cognitive
tasks (Simpson et al, 2001; Gusnard et al, 2001; McKiernan
et al, 2003; Northoff et al, 2004; Raichle and Gusnard,
2005; Fransson, 2005; Grimm et al, 2006). In accordance
with these observations, we found NBRs in PACC, VMPFC,
and dorsal PCC during both EP and EJ thus indicating
task independence. As hypothesized, MDD patients showed
significantly decreased NBRs in the default-mode network
during both EP and EJ when compared to healthy subjects.
The origin of reduced NBRs remains unclear though.
Resting-state studies using PET demonstrated increased
metabolism in the VMPFC and the PAAC in MDD

(Mayberg, 2002, 2003; Phillips et al, 2003). The fact that
we found decreased NBRs in VMPFC and PACC indicates
that these could possibly be traced back to abnormally
high resting-state neural activity rather than to a deficit
in inducing NBR in response to emotional stimuli. This
assumption is further supported by a recent fMRI study
(Greicius et al, 2007) showing default-mode network
abnormalities with increased resting-state subgenual cingu-
late functional connectivity in major depression. Abnor-
mally high resting-state neural activity leading to decreased
NBRs in PACC and VMPFC is also in keeping with studies
showing relative hypermetabolism in these regions during
emotional stimulation. MDD patients showed increased
signal intensity in anterior cingulate cortex and ventral
prefrontal cortex during the voluntary downregulation of
sad feelings, the viewing of sad facial expressions, and
the presentation of sad words (Canli et al, 2004; Lawrence
et al, 2004; Surguladze et al, 2005, Beauregard et al, 2006).
Also, previous studies that investigated neural activity
as a function of antidepressant drug therapy report an
association of treatment response with a decrease in
fMRI activation or glucose metabolism in ventromedial
and dorsomedial prefrontal cortex, and anterior cingulate
(Robertson et al, 2007; Kennedy et al, 2007; Fu et al, 2004).
Abnormal NBRs in MDD might therefore be state-related
and normalize in remission. This assumption has to be
tested by future studies, though.
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In contrast to EP and EJ, we did not observe NBRs but
rather PBRs during emotional expectancy. This difference
between conditions with (perception and judgment) and
without (expectancy) an explicit emotional stimulus might
psychologically be related to the switch between extrospec-
tively and introspectively oriented modes of emotion
processing. Emotional expectancy requires introspection
of one’s own mental states whereas, due to the presentation
of emotional pictures, extrospection becomes predominant
in EP and EJ.

The finding of decreased NBRs in MDD suggests specific
involvement of NBRs in processing negative emotions,
which is substantiated by the results of the correlation
analyses with subjects’ ratings of emotional valence. Healthy
subjects’ NBRs in ventral CMS correlated with their ratings
of negative emotional valence; stronger NBRs in the VMPFC
were associated with more negative valence ratings.
This relationship was found only for negative emotional
valences, whereas we did not observe a correlation in
positive emotional valences. This is in good agreement with
previous studies that observed a correlation between signal
changes in ventral CMS and negative emotional valences
(Heinzel et al, 2005; Anderson et al, 2003; Lewis et al, 2006;
Grimm et al, 2006). In contrast to healthy subjects, MDD
subjects did not show a significant correlation between
NBRs and negative valence ratings. This indicates that MDD
subjects might thus no longer be able to appropriately
modulate their negative emotions by NBRs in ventral
CMS in a subtle and fine-grained way that allows them
to distinguish between different degrees of emotional nega-
tivity. This assumption is supported by the significant
correlation of depression severity (HDRS score) and
patients’ subjective ratings of hopelessness (BHS score)
with signal changes in the VMPFC and PCC. For the PACC,
there was a significant correlation of the signal changes
with the symptom cluster ‘psychic depression’ (HDRS
component; Milak et al, 2005), which comprises of
symptoms such as depressed mood, depressive cognitions,
and suicidal tendency. Decreased NBRs were accompanied
by stronger feelings of hopelessness and more severe
depressive symptoms. We therefore infer that weaker
NBRs in CMS might be specifically involved in processing
abnormally negative emotions in MDD.

One limitation in our study is that we cannot fully exclude
that weaker NBRs in MDD subjects could also result from
reduced motivation or attention during task performance.
Even though we obtained slower reaction times in MDD
subjects, these did not correlate with signal intensities in
CMS. Also, the variance in CMS signal intensities attri-
butable to reaction times was covaried out in an ANOVA
test. MDD patients’ performance of the expectancy task (as
mirrored in the induction of PBRs during the expectancy
period) also argue against general motivational deficits.

Because of the fact that the judgment task was biased
by requiring the subject to respond with the left hand
for pictures judged as negative and the right hand when
the picture was judged positive, it is possible that there was
an affective congruence effect leading to more right hemi-
sphere arousal during negative stimuli and more left
hemisphere arousal during positive stimuli. In line with
the valence-lateralization theory, which postulates a domi-
nance of the left prefrontal cortex in positive emotions and

of the right prefrontal cortex in negative emotions
(Davidson et al, 2003; Murphy et al, 2003; Wager et al,
2003), fMRI studies in healthy subjects demonstrated linear
or parametric dependence of negative and positive EJs
on neural activity in left and right DLPFC (Grimm et al,
2006). The hemispheric mood congruence effect is further
supported by symmetrical responses during the perception
task, where subjects were asked to respond with either
hand. Interestingly though, in MDD patients the effect is
more pronounced in positive stimuli, whereas healthy
subjects show the opposite pattern with more symmetrical
responses for negative stimuli.

Another limitation of this study pertains to the discordant
exposure to medications between healthy controls and
depressed patients. It is conceivable that differences in
NBRs between these two groups reflect the fact that patients
had been taking psychotropic medications until a mean of
9 days before the fMRI investigation. The length of this
period might not have been sufficient to wash out psycho-
tropic medication effects. Arguing against this potential
confound is the fact that NBRs in patients who were
antidepressant naı̈ve (N¼ 3) or had a wash-out period of
2 weeks or more (N¼ 10) did not differ significantly. None-
theless, we cannot completely refute the potential confound
of medication exposure in the current study. The ideal study,
which should contrast controls with either antidepressant-
naı̈ve patients or those, who had a wash-out period of at
least 2 weeks (8 weeks for patients on fluoxetine) would face
substantial practical and ethical hurdles though.

In sum, we demonstrate reduced NBRs in core cortical
midline regions of the default-mode network in MDD. As
reduced NBRs also correlated with subjective measures
of emotional valence and depressive symptoms, our results
lend evidence to the assumption that reduced cortical
midline NBRs are crucially implicated in abnormal negative
emotional processing in MDD.
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