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The pathophysiology of major depressive disorder (MDD) includes both affective and cognitive dysfunctions. We aimed to clarify how
regions regulating affective processing interact with those involved in attention, and how such interaction impacts perceptual processing
within sensory cortices. Based on previous work showing that top-down influences from attention can determine the processing of
external inputs within early sensory cortices, we tested with functional magnetic resonance imaging (fMRI) whether MDD alters atten-
tional (“top-down”) effects on the neural filtering of irrelevant, nonemotional visual stimuli. The present fMRI study was conducted in 14
nonmedicated patients with a first episode of unipolar MDD and 14 matched controls. During scanning, subjects performed two tasks
imposing two different levels of attentional load at fixation (easy or difficult), while irrelevant colored stimuli were presented in the
periphery. Analyses of fMRI data revealed that MDD patients show (1) an abnormal filtering of irrelevant information in visual cortex, (2)
an altered functional connectivity between frontoparietal networks and visual cortices, and (3) a hyperactivity in subgenual cingulate/
medial orbitofrontal cortex that was modulated by attentional load. These results demonstrate that biological abnormalities contribute
to the cognitive deficits seen in major depression, and clarify how neural networks implicated in mood regulation influence executive
control and perceptual processes. These findings not only improve our understanding of the pathophysiological mechanisms underlying
cognitive dysfunctions in MDD, but also shed new light on the interaction between cognition and mood regulation.
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Introduction
Major depressive disorder (MDD) is characterized by affective
and cognitive dysfunctions (Chamberlain and Sahakian, 2006).
Understanding the neurobiology underlying this multifaceted
psychiatric disorder emerges as a major health and research chal-
lenge (Nestler et al., 2002).

Brain imaging studies in MDD have documented abnormalities
in regions involved in affective and cognitive regulation, such as the
anterior cingulate cortex and the orbitofrontal cortex (OFC), as well

as frontoparietal networks subserving attention and executive func-
tions (Mayberg et al., 1999). In addition, MDD patients may recruit
greater prefrontal processing to achieve similar (or poorer) task per-
formance than control subjects, suggesting that a disturbed emo-
tional state intensifies cognitive interference (Harvey et al., 2005).
These findings indicate that a dysfunction implicating frontal–lim-
bic circuits might cause both cognitive and emotional disturbances
(Mayberg, 1997; Mayberg et al., 1999; Drevets, 2000). A plausible
pathophysiological mechanism for MDD would thus involve a dis-
ordered neural network with two distinct and interacting compo-
nents: an enhanced activation within limbic circuits and an altered
engagement of prefrontal executive circuits. It is unclear (1) whether
a dysfunction within frontal–limbic networks also affects lower-level
processing by altering top-down influences (Fales et al., 2008); and
(2) to what extent perceptual processes are biased by a dysregulation
of affective (limbic) versus cognitive (prefrontal) control circuitry.
Yet, impairments in perception secondary to changes in top-down
factors can significantly worsen cognitive deficits observed in MDD.
The study of functional changes at early levels of perceptual integra-
tion is thus required to get a comprehensive model of the neural
dysfunctions underlying neuropsychological deficits in MDD and to
better understand how affective regulation might impact perceptual
processing.
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Previous neuroimaging studies in healthy and brain-damaged
participants demonstrated that top-down influences from emo-
tion or attention can determine the processing of external inputs
within early sensory cortices by enhancing attended information
while suppressing unattended information. Recently, we showed
that high attentional load at fixation can lead to a suppression of
functional magnetic resonance imaging (fMRI) response to irrel-
evant peripheral stimulation in visual cortex (Schwartz et al.,
2005). These findings provided a neural foundation for Lavie’s
theory of attention (Lavie, 2005), which predicts that increasing
processing load of a relevant task determines the extent to which
irrelevant distractors are processed.

Based on these previous findings, here we tested with fMRI
whether changing attentional demands of a central task would
affect the processing of task-irrelevant colored visual stimuli pre-
sented in the periphery. By modulating attentional load at central
fixation without changing sensory inputs, we hypothesized that
mood changes would interfere with top-down control of activity
in visual regions. A second main aim of the study was to directly
assess distant effects of frontoparietal executive networks on the
processing of irrelevant stimuli in visual cortices by applying
functional connectivity analyses. By implementing an affective
neuroscience approach to depression, our fMRI study constitutes
a useful test of the relevance of biological abnormalities to the
cognitive deficits seen in major depression. More generally, our
study provides new insights into the functional interaction be-
tween neural networks implicated in mood regulation and those
involved in executive control and perceptual processes.

Materials and Methods
Subjects
Over a 2 year period, we recruited unmedicated subjects who presented
with a first episode of major unipolar depression and agreed to perform
an fMRI experiment. Sixteen patients could complete the whole MRI
protocol; age- and education-matched healthy controls were also
scanned. The inclusion criteria for the MDD and control groups were age
between 18 and 56 years, willingness to participate, and ability to provide
signed informed consent. The protocol was approved by the research
ethics committee of the Faculty of Medicine of the University of Liège.
The exclusion criteria were current or past cardiovascular or neurological
disorder (e.g., Parkinson’s disease). Subjects were excluded if they were

pregnant, lactating, or had conditions for which an MRI would be con-
traindicated (e.g., metallic implants).

Depressed subjects were recruited through the psychiatric outpatients
consultation of the Liege University Hospital by a team of trained psy-
chiatrists who performed a medical examination and conducted the
Structured Clinical Interview for Axis I DSM-IV Disorders (SCID-IV)
(Spitzer et al., 1994). Sixteen subjects with a first lifetime episode of
unipolar major depressive disorder, with no prior antidepressant or an-
tipsychotic treatment, were included in the experimental protocol. Two
patients could not maintain reliable central visual fixation (as monitored
by eye tracking, see below). Data from these two patients were excluded
from further analysis, and 14 subjects were thus included in the final
analyses (seven males, drug-free, Hamilton Depression Rating Scale
�17) (Table 1).

Healthy control subjects were recruited through advertisements. They
were selected to match the MDD patients for gender, age, and sociocul-
tural background. None of them reported any severe medical problem or
any neurological or psychiatric history. After providing informed con-
sent, they were screened using the Axis I SCID-IV and the Hamilton
Depression Rating Scale (HDRS) (Hamilton, 1960). The exclusion crite-
ria for the control subjects were an HDRS score �6, a history of mood
disorders, or any other DSM-IV Axis I mental illness. Fourteen controls
matching the final selection of patients were included in the analyses.

Procedure
During the main fMRI experiment, the participants performed a detec-
tion task on a rapid successive visual presentation (RSVP) of colored
letters (one letter every 750 ms; 500 ms duration each, plus 250 ms blank)
that was shown on a fixed central location at fixation (Fig. 1 A). This
RSVP stream consisted of T-shaped stimuli displayed with two possible
orientations (upright or upside-down) and eight different colors in a
pseudorandom order. Blocks of 20 s with Mondrian-like stimuli formed
by a 20 � 20 grid of colored rectangles, presented bilaterally at 6° of visual
angle from fixation (subtending 6° � 10°), alternated with blocks with-
out peripheral stimuli (Fig. 1 B). To enhance stimulation of visual cortex,
Mondrian-like displays changed colors randomly every 500 ms during
blocks with peripheral stimulation (Tong et al., 2006). All visual stimuli
were projected on a screen and seen through a mirror mounted on the
MRI headcoil (total display size 22° � 16°, 60 Hz refresh rate) and gen-
erated using a MATLAB Toolbox, allowing visual presentation
and response recording with precise timing (Cogent, www.vislab.
ucl.ac.uk/Cogent/).

During scanning, the participants performed either a low-load or a
high-load task, or were required to only fixate the central RSVP (40 s

Table 1. Clinical characteristics of depressed patients and control subjectsa

MDD group Control group

ID Age (years) Sex HDRS HARS
Education
(years) ID Age (years) Sex HDRS HARS

Education
(years)

1 21 f 21 15 15 1 21 f 0 0 14
2 28 f 33 19 15 2 27 f 1 2 16
3 29 f 32 16 13 3 32 f 1 2 15
4 29 f 34 12 13 4 24 f 3 4 15
5 32 f 37 19 15 5 31 f 2 0 14
6 38 f 30 18 14 6 32 f 0 0 17
7 54 f 20 17 15 7 56 f 2 0 12
8 19 m 30 22 14 8 20 m 1 0 12
9 19 m 30 10 13 9 19 m 1 0 13
10 36 m 21 14 13 10 34 m 1 0 13
11 39 m 27 14 13 11 35 m 6 7 13
12 38 m 24 18 12 12 34 m 0 0 16
13 40 m 26 17 14 13 36 m 3 3 17
14 42 m 25 15 14 14 39 m 1 0 14
Meanb 33.1 � 9.84 7:7 27.86 � 5.27 16.14 � 3.11 13.78 � 0.97 31.4 � 9.51c 7:7 1.57 � 1.60d 1.29 � 2.13d 14.35 � 1.69c

aPatients were selected by a team of psychiatrists with extensive experience in depression. All subjects were Caucasian and right handed; they were off medication for 3 months prior to the experimental day.
bData are given as mean � SD. For the Sex column, data are the ratio of male to female.
cTwo-sample t test testing for group differences, degrees of freedom (df) � 26; NS.
dTwo-sample t test testing for group differences, df � 26; p � 0.001.
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period each, separated by 3 s instruction panel) (Fig. 1C). Low-load,
high-load, and baseline fixation periods alternated in a pseudorandom
order (randomized across participants) during one single continuous
scanning session. The low-load task (easy, pop-out) (Treisman and Gor-
mican, 1988; Wojciulik and Kanwisher, 1999) required a key press for
any red T regardless of its orientation. The high-load task (difficult,
conjunction) required a key press for any upright yellow T or upside-
down blue T (both types of conjunction targets had to be monitored for
throughout this task). The baseline fixation task required passive fixation
of the letter stream but no key press. Importantly, the exact same stream
of 684 central stimuli was presented during all task conditions. In both
high- and low-load conditions, items that required a button-press re-
sponse appeared on average every 15 stimuli (6.7% of the total number of
central stimuli), and items that were targets in one condition also ap-
peared with the same frequency as task-irrelevant stimuli in the other
condition (i.e., high-load targets appeared as distractors under low-load
instructions, and vice versa). Therefore, only the task instructions distin-
guished the high-load and low-load conditions for the central task. The
peripheral Mondrian-like stimuli were always irrelevant to the central
task, and the participants were instructed to ignore them.

MRI data acquisition
Data were acquired with a 3T head-only MR scanner (Allegra, Siemens)
using a gradient echoplanar imaging (EPI) sequence [32 transverse slices

with 30% gap, repetition time (TR): 2130 ms,
echo time (TE): 40 ms, flip angle: 90°, field of
view (FOV): 220 � 220 mm, matrix size: 64 �
64 � 32, voxel size: 3.4 � 3.4 � 3 mm]. Func-
tional volumes (n � 255) were acquired during
one single continuous scanning run. The first
three volumes were discarded to account for T1
saturation effects. A structural MR scan was ac-
quired at the end of the experimental session
(T1-weighted 3D magnetization-prepared
rapid-acquisition gradient echo sequence, TR:
1960 ms, TE: 4.43 ms, inversion time: 1100 ms,
FOV: 230 � 173 mm, matrix size: 256 � 192 �
176, voxel size: 0.9 � 0.9 � 0.9 mm). During
scanning, eye movements and pupillary size
were measured continuously using an infrared
eye tracking system (LRO5000, Applied Science
Laboratories, sampling rate: 60 Hz). Eye track-
ing data were used to ensure that all subjects
included in the analyses maintained good cen-
tral fixation during the whole scanning session.

fMRI data analysis
Functional MRI data were analyzed using
SPM2 (http://www.fil.ion.ucl.ac.uk) imple-
mented in MATLAB (The MathWorks). Func-
tional scans were realigned, normalized to the
MNI EPI template (2D spline, voxel size: 2 �
2 � 2 mm) and spatially smoothed with a
Gaussian kernel with full-width at half maxi-
mum (FWHM) of 8 mm.

Standard block design analyses. Data were an-
alyzed using a two-step procedure taking into
account the intraindividual and interindividual
variance. At the individual level, brain re-
sponses were modeled at each voxel, using the
general linear model with six trial types con-
volved with the canonical hemodynamic re-
sponse function (HRF): baseline fixation with
color in periphery, baseline fixation with no pe-
ripheral stimuli, low load with color in periph-
ery, low load with no peripheral stimuli, high
load with color in periphery, high load with no
peripheral stimuli. Because missed targets and
false alarms [including responses with reaction
times (RTs) � 750 ms] involved incorrect mo-

tor responses (absence of key presses during misses; inappropriate key
presses during false alarms), we included all actual motor responses in
the fMRI design as an additional regressor of no interest to capture any
spurious brain activation attributable to group differences in motor be-
havior (i.e., misses and false alarms). Six movement parameters from
spatial realignment were included as additional regressors of no interest
to account for residual motion artifacts. High-pass filtering was per-
formed using a cutoff period of 128 s to remove low-frequency drifts
from the time series. Linear contrasts between regressors of interest
tested for the main effects of attentional load (high load vs low load and
low load vs high load). Using within-subject contrasts between the activ-
ity for two different levels of attentional load as main variables for the
second-level whole-brain group analyses, as in the present study, would
also minimize effects related to general differences in effective difficulty
(if any). The summary statistical images were spatially smoothed with a
Gaussian kernel of 6 mm FWHM and entered into a second-level one-
way ANOVA implemented in SPM2 to assess random-effects group
comparisons. The resulting SPM maps were thresholded at p � 0.001
(uncorrected). Common group effects were assessed using conjunction
analysis to preserve only voxels that were significant in the contributing
SPM maps of both control and MDD populations based on the conjunc-
tion null hypothesis (Friston et al., 2005). Direct statistical group com-
parisons were obtained using exclusive masking to reveal the voxels that

Figure 1. Stimuli and design in the attentional load experiment. A, A rapid continuous stream of colored “T” shapes appeared
at central fixation during all blocks (500 ms duration each, 250 ms interval). B, Irrelevant peripheral stimulation included 20 s
blocks with bilateral colored, “Mondrian-like” stimuli, alternating with blocks without any peripheral stimulation. C, Two main
attentional load conditions required the subjects to either detect any red T regardless of its orientation (low load), or to detect all
upright yellow T shapes and upside-down blue T shapes. Additional blocks of central fixation (baseline) were also included. The
central visual stream remained identical in each task condition, only the task instructions differed.
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showed increased response in one population in the absence of such
effect in the other population. The SPM constituting the exclusive mask
was thresholded at p � 0.05, whereas the contrast to be masked was
thresholded at p � 0.001. Note that the more liberal the threshold of an
exclusive mask, the more conservative is the masking procedure. Note
also that the use of conservative whole-brain random-effects group com-
parisons (Holmes and Friston, 1998) together with the relatively broad
age range of the studied populations (MDD: 19 –54; matched controls:
19 –56 years) ensures that any statistically significant group difference
reflects a robust result that can be generalized to a larger population.

Functional connectivity analyses. A second set of analyses aimed to
assess condition-dependent changes in the functional coupling between
brain regions. This was done using psychophysiological interaction (PPI)
analyses, which explain the activity in one part of the brain in terms of the
interaction between an experimental manipulation (psychological fac-
tor) and the activity in another brain region (physiological factor) (Fris-
ton et al., 1997). PPI analyses were computed to test the hypothesis that
functional connectivity between brain regions would differ between the
two populations as a function of the current attentional context. We
extracted time series from regions of interest revealed by the main con-
trasts in each individual, averaging activity within a 10-mm-radius
sphere, centered at the peak of the activation. This physiological signal
was deconvolved using the HRF to estimate the underlying neuronal
signal, multiplied with the psychological variable (low vs high load), and
convolved again with the HRF to obtain the expected blood oxygenation
level-dependent (BOLD) response for the PPI (Gitelman et al., 2003).
The two main effects (physiological and psychological factors) and the
critical PPI were entered in new fixed-effects analyses, together with
movement parameters. Any significant psychophysiological interaction
( p � 0.001) indicated a change in the regression coefficients between any
reported brain area and the reference region, related to attentional load ma-
nipulation. Individual PPI regression estimations were then included in
random-effects group ANOVAs (inferences reported at p � 0.001, uncor-
rected). Note that the interaction effect is orthogonal to the main effects of
task and that the inclusion of both main effects of task in the analysis ensures
that any activation associated with the PPI cannot be explained by any of
these main effects (e.g., overall effect of low- vs high-load conditions).

Results
Clinical characteristics
Sixteen patients and their matched controls completed the study,
but two patients were excluded because they did not maintain
reliable central visual fixation. The 14 remaining MDD patients
and their 14 healthy matched controls were included in the final
analyses. Table 1 reports the main demographic and clinical char-
acteristics of the study population. Differences between the
groups were statistically significant for both depression and anx-
iety measures (HDRS, HARS; two-sample t test, p � 0.001 for
both measures). Depression scores correlated with anxiety scores
in controls but not in MDD patients (r � 0.87, r 2 � 0.76, p �
0.001; r � 0.078, r2 � 0.006, p � 0.79; respectively). In the MDD
group, the duration of episodes reported during the SCID-IV inter-
views ranged from 1 to 5 months (mean, 3.2 months). All 14 patients

were experiencing their first MDD episode, and none had been pre-
scribed an antidepressant. Their education level (assessed in years)
ranged from 12 to 15 years (mean, 13.78 � 0.97 years).

Behavioral results
Performance on the central RSVP (Fig. 1) during scanning was
assessed by analyzing RTs and hit rates on target trials, as well as
false alarms (including responses with an RT � 750 ms) using
ANOVAs with attentional load (high, low) as within-subjects
factor (repeated measures) and group as between-subjects factor
(Table 2). There was a main effect of attentional load for all
measures (all p � 0.001), with slower RTs, reduced hit rates, and
more false alarms during the high- compared with the low-load
condition, indicating that the instructions successfully modu-
lated task difficulty in both groups. Importantly, there was no
group difference in reaction times, which suggests that task diffi-
culty was mostly comparable for patients and controls, and that
both populations were equally vigilant and attentive during the
task. There was a group effect for hit rates due to the patients
missing slightly more targets (hits, 91% in low load and 73.64% in
high load) than their controls (hits, 97.22% in low load and
85.61% in high load) and a group-by-attentional load interaction
for false alarms due to the patients making more such errors
during the high-load condition. Indeed, planned t tests on hits
and false alarms revealed that patients and controls differed dur-
ing high attentional load (hits: p � 0.041; false alarms: p � 0.031)
but not during low attentional load (hits: p � 0.103; false alarms:
p � 0.773). However, activity change in regions showing critical
group effect [i.e., V4 and subgenual anterior cingulate cortex
(SgAcc)/ventral medial prefrontal cortex (vmPFC), see below]
did not correlate with hits or false alarms (Table 3), thus ruling
out that differences in performance accounted for the reported
fMRI group differences.

During scanning, eye movements were measured continu-
ously using an infrared eye tracking system. ANOVAs conducted
on eye movement data revealed no significant group difference,
neither for the absolute distance from fixation nor for horizontal
deviations (F(1,26) � 1.20, p � 0.28; F(1,26) � 4.12, p � 0.43,
respectively). These results suggest that both populations fixated
the central stream of letters equally well. We also found no group
difference in pupil diameter, suggesting similar levels of central
arousal and attention in both groups (e.g., Siegle et al., 2003;
Sterpenich et al., 2006), which is consistent with previous results
in depressed subjects (e.g., Johnstone et al., 2007).

fMRI results
For clarity, rather than separate main effects within each group,
we first describe effects found in both patients and controls using
conjunction analyses to preserve only voxels that were significant

Table 2. Behavioral performance during scanning

MDD groupa Control groupa Statisticsb

Measure Low load High load Low load High load Effect of group Effect of load Group-by-load interaction

RT (ms) on correct responses 492.98 � 61.56 553.20 � 41.75 489.85 � 38.80 566.60 � 36.32 F(1,26) � 0.107 F(1,26) � 89.65 F(1,26) � 1.306
p � 0.745 p � 0.001 p � 0.263

Hits (%) 91.00 � 12.84 73.64 � 18.61 97.22 � 5.07 85.61 � 9.39 F(1,26) � 4.485 F(1,26) � 54.16 F(1,26) � 2.13
p � 0.05 p � 0.001 p � 0.156

False alarmsc 7.54 � 8.8 29.05 � 15.33 6.65 � 1.53 18.29 � 8.96 F(1,26) � 2.87 F(1,26) � 66.67 F(1,26) � 5.92
p � 0.101 p � 0.001 p � 0.05

aData are given as mean � SD.
bANOVA with load as within-subject factor and group as between-subject factor.
cFalse alarms correspond to the percentage of key presses recorded outside an interval of 750 ms after the presentation of a target.
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in the contributing SPM maps of both populations (Friston et al.,
2005). We then report between-group comparisons whenever
they yielded statistically significant results.

Effects of high attentional load
We first tested for effects of increased attentional load by com-
paring fMRI activity during the high- versus the low-attentional-
load conditions using linear contrasts of parameter estimates in
the context of ANOVA models, as described in Materials and
Methods. A conjunction of the SPM maps from the patients and
from the controls for this comparison showed that both popula-
tions strongly engaged inferior frontal and superior parietal re-
gions during increased attentional load at fixation (Table 4, Fig.
2), consistent with the recruitment of a distributed attentional
network subtending top-down influence under higher-load con-
dition in all participants (Schwartz et al., 2005). Another region
in inferior occipital cortex showed increased activation during
the high-load condition (x, y, z: �44, �68, �10) (Fig. 2). Because
this region lies close to an area known as the visual word form
area (VWFA) (Vinckier et al., 2007), increased activation of the
VWFA probably reflects letter identification specifically during
the high-load condition, which imperatively requires distin-
guishing between upright and upside-down “T” shapes (whereas
processing of the shape of the central targets was not relevant
during the low-load task).

Effects of low attentional load
We then tested for regions more activated during low compared
with high attentional demands (low � high load). Based on La-
vie’s theory of attentional load (Lavie, 1995, 2005) and on our
previous fMRI results in normal controls (Schwartz et al., 2005),

we predicted increased activity in visual re-
gions due to less filtering of the peripheral
colored stimuli during the low-load con-
dition. The group conjunction analysis re-
vealed that only bilateral medial OFC sur-
vived the statistical threshold (Table 5). In
contrast, when we directly compared con-
trols to MDD patients for this same con-
trast, we found increased response in vi-
sual cortices, including the primary visual
cortex (calcarine sulcus) and a region pre-
viously found to be maximally modulated
by such central load manipulation
(Schwartz et al., 2005) and corresponding
to the color-responsive area V4 (Talairach
coordinates: x, y, z: 20, �66, �4; MNI co-
ordinates: x, y, z: 20, �68, �8) (Table 5,
Fig. 3A) (Zeki et al., 1991; Bartels and Zeki,
2000). The latter activation was specifically
driven by enhanced response to peripheral
colored stimuli during the low-load com-
pared with the high-load condition in the
controls (Fig. 3B). For the same contrast
(low � high load), MDD patients showed
a significant attenuation of BOLD re-
sponse in bilateral vmPFC region during
high attentional load, encompassing the
medial OFC and rostral anterior cingulate
cortex/SgAcc (Fig. 3C). This modulation
of brain response in the patients was
driven by the attentional task, indepen-
dently of the presence or absence of pe-
ripheral stimuli (Fig. 3D).

Functional connectivity
To further investigate the load-related top-down modulations of
brain activity, we used dedicated functional connectivity analy-
ses. Specifically, using a whole-brain approach we tested for
changes in connectivity as a function of task load between regions
of interest (i.e., regions driving top-down influences) and any
other region of the brain. We performed such connectivity anal-
yses for two different seed regions, the right parietal and frontal
peaks revealed by the main conjunction analysis for the high-
versus low-load contrast (Fig. 2, Table 4), ipsilateral to the main
effect of load in visual cortex (V4). We found that functional
connectivity was increased between the right IPS and V4, as well
as between the right frontal cortex and V4 ( p � 0.001), selectively
in the context of low attentional load in controls but not in
patients.

Finally we tested whether activity in our main regions of in-
terest (i.e., V4 and vmPFC/SgAcc) correlated with the severity of
depression, as assessed by the HDRS, but we did not find any
significant correlation, neither in the MDD group nor in the
control group. This finding indicates that the observed functional
changes, which pertain to the pathophysiology of MDD, are
mostly independent of the clinical severity of depression.

Discussion
A reliable observation in neuropsychological studies of major
depression is an impairment across several domains of attention
implicating sustained attention (Porter et al., 2003; Hill et al.,
2004; Weiland-Fiedler et al., 2004), resistance to interference (Le-
melin et al., 1997), response selection (Azorin et al., 1995), and

Table 3. Correlations between attention-related activity change regions of interest (V4, SgACC/vmPFC) and hits
and false alarm (FA), separately in MDD and control groups

V4 (x, y, z: 20, �68, �8) SgACC/vmPFC (x, y, z: 25, �6, 30)

Hits (high) FA (high) Hits (high) FA (high)

MDD group
r2 0.0016 0.0463 0.0278 0.0327
F(1,13) 0.0189 0.5830 0.3432 0.4062
p 0.8928 0.4599 0.5688 0.5359

Control group
r2 0.0056 0.0280 0.0577 0.2429
F(1,13) 0.0678 0.3456 0.7347 3.8493
p 0.7990 0.5675 0.4082 0.0734

Table 4. Brain regions showing main effects of high minus low attentional load (group conjunction: MDD
patients and controls for the high > low load contrast)

MNI coordinates

Brain areas L/R BA x y z t valuea Cluster size (voxels)b

Inf. frontal gyrus/operculum L 44/48 �44 4 28 6.18 781
Inf. frontal gyrus/operculum R 44/48 48 10 32 5.82 367
Sup. parietal/IPS L 7 �20 �64 56 5.29 1294
Sup. parietal/IPS R 7 34 �58 48 4.98 737
Insula R 47 32 24 �2 4.78 92
Inf. occipital/VWFA L 19 �44 �68 �10 4.75 115
Precentral/Mid. frontal L 6 �32 �2 54 4.4 302
SMA L 6/32 �8 12 52 4.3 225
Sup. frontal R 8 32 10 64 4.25 40
Inf. occipital R 19 50 �72 �10 3.73 33
Mid. frontal R 45/48 40 34 20 3.62 8
Inf. parietal R 40 48 �42 50 3.52 6

Inf., Inferior; IPS, Intraparietal sulcus; Mid., middle; SMA, supplementary motor area; Sup., superior; L, left; R, right; BA, Brodmann’s area.
aAll p � 0.001 uncorrected (random-effect analysis).
bThreshold cluster size of 5 voxels.
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biased attention and processing for negative emotional informa-
tion (Erickson et al., 2005; Goeleven et al., 2006; Waters et al.,
2006; Leyman et al., 2007). The neural substrates that link inter-
nal affective states, attentional processes, and sensory represen-
tations of stimuli remain unclear, despite the central importance
of such relationships in the phenomenology of mood disorders
and mood regulation. Our fMRI study aimed to clarify these
associations by providing a first investigation of “pure” top-

down, task-related modulation in brain activity triggered by sim-
ple, nonemotional visual stimuli.

By selectively manipulating top-down attentional influences
on the neural processing of irrelevant visual stimulation, we
found that unmedicated MDD patients show an abnormal filter-
ing of irrelevant information in visual cortex, together with an
alteration of the functional connectivity between frontoparietal
networks and visual cortices. Our results also suggest that in-

Figure 2. Main effect of high attentional load. A, Statistical maps from the group conjunction analysis showing increased activation in lateral occipital (x, y, z: �44, �68, �10; visual word form
area) (Vinckier et al., 2007), superior parietal and inferior frontal regions in both MDD patients and controls. Maps are overlaid on average T1 structural scan, thresholded at p � 0.001 uncorrected.
Color bar on the right indicates t values. B, Parameter estimates extracted from the statistical peaks demonstrate selective activation during the high-load task across all conditions of peripheral
stimulation and in both populations. B, Baseline fixation; L, low attentional load; H, high attentional load.

Table 5. Brain regions showing main effects of low minus high attentional load

MNI coordinates

Brain areas L/R BA x y z t valuea Cluster size (voxels)b

Group conjunction: MDD patients and controls for the low � high load contrast
OFC (medial orbital) L 11 �16 38 �16 4.52 98
OFC (medial orbital) R 11 8 40 �22 4.03 21

Group comparison: controls masked by MDD patients for the low � high load contrast
Early visual (calcarine) R 17/18 12 �86 0 5.88 1401
V4 R 18 22 �74 �8 5.73 c

Early visual (calcarine) R 17/18 2 �82 20 4.63 c

Precentral gyrus L 6 �34 0 �40 4.78 52
Ant. lingual gyrus R 17 22 �54 6 3.81 35
Ant. lingual gyrus R 18 12 �50 4 3.48 c

OFC lateral L 11 �24 38 �18 3.81 11
Group comparison: MDD patients masked by controls for the low � high load contrast

OFC (medial orbital) L 11 �16 44 �18 3.38 14
OFC (medial orbital) R 11 16 40 �20 3.38 13
OFC (rectus) R 11 4 38 �14 3.35 68
Ant. cingulate (rostral sub-
genual) L 25 �6 30 �8 3.32 c

Ant, Anterior; OFC, orbitofrontal cortex; L, left; R, right; BA, Brodmann’s area.
aAll p � 0.001 uncorrected (random-effect analysis).
bThreshold cluster size of 5 voxels.
cBelongs to the same cluster as row above.

1400 • J. Neurosci., February 4, 2009 • 29(5):1395–1403 Desseilles et al. • Filtering of Visual Information in Depression



creased attentional involvement in a cognitive task causes a pow-
erful decrease in subgenual cingulate cortex activity in the pa-
tients’ population. Hereafter we detail the key findings of this
study and how they might improve our understanding of the
links between affective and cognitive dysfunctions. We also dis-
cuss their potential implications for therapeutic approaches to
mood disorders.

Neural filtering of irrelevant stimuli
The present fMRI data provide whole-brain measures of signal
change during two main tasks performed at the center of screen,
differing only in the amount of attention that they require, while
irrelevant colored stimulations were presented in the periphery.
Increased top-down cognitive demands during the high-
attentional-load condition was indicated by slower reaction
times and increased activity in frontoparietal regions in both con-
trols and MDD patients, replicating our previous results in con-
trols (Schwartz et al., 2005). The pattern of brain regions more
activated when increasing task demands largely overlapped in
controls and patients. Hence, depression might not primarily
interfere with the recruitment of the classical neural networks
subserving voluntary goal-directed attention, consistent with
previous findings using working memory tasks (Barch et al.,
2003). In contrast, major between-group differences arose when
testing for brain regions more activated during the low-load con-
dition (i.e., reflecting less filtering or reduced suppression of pro-
cessing in those regions). Based on Lavie’s theory that the pro-
cessing of irrelevant distractors depends on the current

attentional load (Lavie, 2005), we predicted enhanced fMRI sig-
nal in visual regions for the low- versus high-load contrast. In-
creased activity in the color-responsive area V4 in controls during
low load confirmed the hypothesis that higher task demands at
fixation reduce the processing of irrelevant peripheral stimula-
tion in healthy subjects. Similar results were found in our previ-
ous study using high-contrast checkerboards and in the motion-
sensitive region V5 in another fMRI study in which displays with
irrelevant moving dots were used (Rees et al., 1997; Schwartz et
al., 2005). Critically, we did not observe such activity increase in
V4 during low attentional load (compared with high load) in
MDD patients, who showed a decrease of V4 activity during both
the low- and high-load tasks (when compared with baseline ac-
tivity) (Fig. 3B). These fMRI results demonstrate that depression
may involve a shift in task-dependent modulation of V4 activity,
with MDD patients showing a sharp reduction of distractors pro-
cessing at lower levels of attentional load compared with healthy
controls. This finding may be interpreted as a first indication that
depressed patients engage important cognitive resources even in
a simple pop-out task, which consequently restricts the process-
ing of peripheral distractors and might reduce the spatial span-
ning of attention (Posner and Petersen, 1990).

Disrupted functional connectivity in depression
An important finding of the present study is that while both
depressed patients and controls showed similar frontoparietal
activity changes when increasing task load, the neural processing
of irrelevant stimuli in V4 was differentially affected by task load

Figure 3. Main effects of low attentional load. A, Increased response during the low- minus the high-load condition in V4 for controls relative to MDD patients. B, Parameter estimates extracted
from V4 peak show decreased activity during low versus high load in controls. Note that decreases from baseline to low load in response to peripheral colored stimuli was significant in patients (t �
2.36, p�0.013) but not in controls (t�0.98, p�0.16). C, Decreased subgenual cingulate response during the high-load condition in MDD patients compared with controls. D, Parameter estimates
showed decreased fMRI signal during high attentional load in patients but not in controls. For visualization purposes, statistical parametric maps are overlaid on average T1 structural scan and
thresholded at p � 0.005 uncorrected. Color bars on the left indicate t values. B, Baseline fixation; L, low attentional load; H, high attentional load.
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in each population. To reconcile these results and better charac-
terize the mechanisms underlying load-specific modulation of
V4, we directly assessed the functional connectivity between
frontoparietal regions and the V4 area. This analysis revealed an
increase in functional connectivity between V4 and both IPS and
inferior frontal peaks, selectively in the context of low attentional
load in controls but not in patients. These results are consistent
with Lavie’s hypothesis that reduced attention to the task leaves
more resources available for the processing of concurrent infor-
mation coming from periphery (here the colored Mondrian-like
stimuli), which would in turn call for more top-down control to
be exerted (here on V4) to avoid automatic orienting of attention
toward distracting information (Lavie, 1995, 2005). In contrast,
increased attentional engagement in the central task would con-
sume more attentional resources and thus limit the processing of
the irrelevant distractors. While our attentional load manipula-
tion powerfully modulated this “push-pull” mechanism of selec-
tive attention in the controls (Pinsk et al., 2004), MDD patients
did not show any load-related increased coupling of activity be-
tween parietal or frontal regions and visual cortices. This result
might again reflect that the low-load condition was potentially
quite demanding for the patients, which would be consistent with
a reduction of V4 activity even during the low-load condition.

Load-related reduction of subgenual cingulate activity
Another major finding of the present study is a suppression of
subgenual cingulate cortex (SgAcc, Brodmann’s area 25) and me-
dial OFC activity during high-attentional-load condition (com-
pared with low load) in the depressed subjects, which was inde-
pendent of the peripheral stimulation. These regions of the
vmPFC are known to be involved in emotion and motivation
regulation (Mayberg et al., 1999; Elliott et al., 2000; Liotti et al.,
2000; Lewis et al., 2005; Morgane et al., 2005), as well as in emo-
tional disorders [see recent reviews (Drevets, 2007; Ressler and
Mayberg, 2007)]. SgAcc was found to be overactive in acute sad-
ness and in treatment-resistant depressed patients (Mayberg et
al., 1999, 2005). Moreover, antidepressant therapeutic effects in
MDD have been linked to SgAcc activity, i.e., mainly a decrease of
activity after pharmacological antidepressant treatments (May-
berg et al., 2000; Davidson et al., 2003; Walsh et al., 2007), after
electroconvulsive therapy (Nobler et al., 2001), or during deep
brain stimulation (Mayberg et al., 2005). Moreover, predictive
measures of response to cognitive behavior therapy were also
found to be linked to activation levels in this brain area (Siegle et
al., 2006; Kennedy et al., 2007).

Load-related suppression of activity in vmPFC regions would
be consistent with the recent model of emotion regulation pro-
posed by Phillips et al. (2008), according to which dorsal PFC
regions, subtending voluntary emotion regulation, are in func-
tional reciprocal relationship with ventral PFC regions (includ-
ing SgAcc), subtending automatic emotion regulation. The
pathophysiology of mood disorders in which emotions are dys-
regulated may involve disturbances within this network of inter-
acting brain regions (Keedwell et al., 2005; Phillips et al., 2008).
Increased activity of vmPFC/SgAcc in MDD patients during the
low-attentional-load condition, as found here, could be thus due
to abnormalities in automatic emotion regulation, and reduction
of this activity by cognitive effort may reflect the impact of the
dorsal prefrontal system (strongly activated during high load in
the present study) on the ventral prefrontal system.

To our knowledge, the present data provide the first evidence
of a transient reduction of SgAcc/vmPFC activity caused by a
cognitive manipulation in a population of unmedicated, noneld-

erly patients with a first episode of major unipolar depression. By
shedding new light on the neural dynamic of subgenual activity in
MDD, this result may have several possible functional and clini-
cal implications. In particular, the reduction of SgAcc/vmPFC
activity has been found to be critically involved in antidepressant
effects in MDD (see above). Elevated cognitive load could thus
directly impact a critical node in the functional anatomy of mood
regulation.

Restoring top-down influences onto
emotional–limbic circuits
The reduction of SgAcc/vmPFC activity during the high-
attentional-load condition in MDD may involve the disengage-
ment from self-focused attention toward an external task (Gus-
nard et al., 2001; Nagai et al., 2004). Increased focused attention
(due to task instructions) may thus act as a “circuit breaker” by
targeting a region that, in MDD, is dysfunctional at resting base-
line and more strongly connected to a distributed limbic and
paralimbic neural network (Greicius et al., 2007). Reduced SgAcc
activity may therefore alleviate depressive symptoms by prevent-
ing the generation of intrusive thoughts within cortical–limbic
networks, such as self-focused thoughts and ruminations. This
hypothesis would also fit the recent suggestion of Drevets (2007)
that cognitive– behavioral strategies for managing depressive
symptoms may reinstate the system’s adaptive modulation of
emotional behavior and experience by restoring top-down influ-
ences (from vmPFC) onto emotional–limbic circuits (Davidson
et al., 2002). The present neuroimaging findings provide impor-
tant, new support for this hypothesis by showing that cognitive
effort may potentially impact cortical–limbic networks involved
in mood regulation by suppressing SgAcc activity in MDD pa-
tients. To what extend increasing attentional demands could also
momentarily normalize responses to emotional stimuli in MDD
and alleviate dysphoria is a clinically relevant question raised by
the current study.

In conclusion, the present study reveals distinct effects of task-
demands on activity in unimodal sensory and limbic regions.
Task-related top-down influences from frontoparietal networks
were altered in depressed subjects, leading to an abnormal neural
filtering of irrelevant, nonemotional information in visual corti-
ces and a modulation of limbic activity. These findings provide
new insights into the functional connections between brain net-
works subserving cognition and affective regulation.
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