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Major depression is a multidimensional disorder producing emotional dysregulation, cognitive impairment, and neuro-
vegetative symptoms. A pathophysiological model of depression needs to explain how these dimensions interact to
produce specific clinical phenotypes and how these interactions may predict remission to specific treatments. It is
unlikely that major depression results from discrete brain lesions. Here we propose to define major depression as a
disorder of neural networks. We review evidence suggesting that the dynamics of neural networks involved in allocation
of attention resources to the internal and external world contribute to cognitive impairment, increased self-focus, and
dysfunctional saliency detection in depression. We describe cognitive and emotional tasks that reveal abnormal
cooperation between the Central Executive Network and the Default Mode Network. Finally we suggest that depression
is associated with increased social rejection sensitivity. Studies on social rejection will shed light on how attachment
relates to impairment in allocation of attention resources to produce depressive symptoms such as rumination and
cognitive problems.
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Introduction

Major depression is a highly prevalent and costly
disorder.1 Although several treatments are available,
only 40% of depressed patients receiving antidepressant
or psychotherapy achieve remission with initial treat-
ment2 and almost 30 % of depressed patients fail to
respond to several trials of antidepressant drugs. Among
others, one main reason put forward to explain the
resistance to antidepressant treatment is the absence of
well-defined pathophysiology of major depression.

A major depressive episode assimilates symptoms
from different domains or dimensions, such as emotional
symptoms (sadness, anhedonia), cognitive symptoms
(attention problems, executive impairment, rumina-
tion), and neuro-vegetative symptoms (anorexia and
sleep disorders). A good pathophysiological model of
major depression needs to explain not only these
different symptoms but also how they interact to produce
a specific clinical phenotype.

Major depression is now considered to be a brain
disorder. In a classical perspective, the term brain

disorder normally refers to medical conditions associated
with discrete lesions. This neurological model is unlikely
to reflect the complexity, the diversity, and the specificity
of depressive clinical phenotypes.

Therefore it has now been proposed that major
depression is associated with dysfunctions of large-scale
functional and structural brain networks. Networks are
defined here by inter-temporal and regional relationships
between brain regions during resting state and tasks. The
development of brain imaging techniques and data
analyses has helped us to define very well the brain
architecture and neural networks that govern perceptive,
cognitive, and emotional processes. Likewise several
models of dysfunctional brain networks have been
proposed in major depression.3,4 It is beyond the scope
of this paper to review in details these models.

Here we analyzed the literature on the functional
connectivity and dynamics of neural networks involved in
allocation of attention resources to the internal and
external world in relation with major depression. Our
general idea is that major depression and risk for
depression are associated with difficulties in adequately
allocating brain resources, in term of orientation and
quantity, toward the internal and/or external world in
response to specific cognitive and emotional demands.
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This difficulty in responding to specific demands reveals
impairment in the cooperation and synchronization of
specific brain networks, namely the default mode net-
work and the central executive network that precipitate
and reinforce depressive symptoms such as emotional
bias, rumination, and cognitive problems. We will
describe emotional and cognitive tasks that may reveal
this abnormal networks dynamic. Finally we discuss the
role of one stressful situation, social exclusion, and
threat to social acceptance in the dynamic of these brain
networks and the brain signature of major depression.

Allocation of Attention Resources and Brain Networks

Our attention could be directed externally toward
watching a soccer game on TV and at a certain moment
suddenly be directed internally to memories or to plan
for the coming holiday. This distinction between exter-
nally directed attention and internally directed attention
has increasingly focused research interest in the cogni-
tive literature.

Dixon et al5 in a recent review suggested that these
two types of attention orienting may be in a trade-off
competition or may co-occur at the same time depending
on the level of intentional or involuntary processing and
cognitive resources engaged. Moreover they emphasized
that both modes of attention processing have segregated
and common neural signatures. The externally directed
attention is related to the central executive network
(CEN), which includes the lateral prefrontal cortex,
parietal cortex, and insula. The CEN supports working
memory and attention directed to the external world,
whereas the default mode network (DMN) supports
internal mental activity and attention directed toward
the internal world. The DMN includes the posterior
cingulate cortex (PCC), precuneus, inferior parietal
cortex (IPC), and medial prefrontal cortex (mPFC).

We have elsewhere largely demonstrated the role of
the DMN, with a special emphasis on its anterior part
(mPFC), in internally oriented attention, especially self-
referential processing that relates neutral or emotional
stimuli to the self.

Memory tasks can be used to electively study these
self-related processes. In one task we can ask subjects to
judge whether positive or negative personality traits
described them or not (ie, the “self” condition), or
whether it described a generally desirable trait or not (ie,
the “general” condition). Usually words processed in the
self-condition are better recalled or recognized than
words encoded in a semantic mode, an effect known as
the self-reference effect (SRE) in the literature on
memory.6

Combining this task with fMRI, we first demonstrated
that the medial prefrontal cortex (dorsal part) was more

activated in the self-condition compared to the general
condition, regardless of the emotional valence of the
words.7 Several studies replicated these findings empha-
sizing the importance of medial prefrontal cortex and
anterior part of the DMN in internally oriented atten-
tion.8 Likewise autobiographical memory processes
engaged during retrieval of personal events activated
the anterior and posterior parts of the DMN, with a
specific role for precuneus in perspective taking.9,10

Both attention modes, internally oriented and exter-
nally oriented, recruit the lateral prefrontal cortex
(mainly in its dorsal part) during intentional processing
andmay enter into a competition for cognitive resources,
meaning that at a high level of cognitive demands
priority needs to be defined in allocation of resources.
Below I hypothesize that depressed patients and subjects
at risk for depression have difficulties with prioritizing
the attention investment in order to cope with cognitive
and emotional demands.

Cooperation Within and Between Brain Networks and
Cognitive Tasks

We have learned from functional brain imaging data that
it is difficult to relate specific brain regions to specific
cognitive functions, given the dependence of cerebral
activity on the anatomical connections between distant
brain regions. This is the classical distinction between
functional segregation on one side and functional
integration on the other side.11 From a functional
integrative perspective, cognitive and emotional pro-
cesses result from the cooperation within and between
brain networks and not only from local brain regions.

One particular cognitive task, the N-Back, illustrates
well this perspective. During the N-Back task, subjects
are required to match a stimulus (a letter or a number) to
stimuli previously presented 1 (1-back), 2 (2-back), or 3
(3-back) trials before. Subjects need to constantly
monitor and to update the content of their working
memory, and usually the performance monotonically
decreases from 1-back to 3-back, reflecting the increase
of cognitive demands. We used this task in healthy
controls with neutral material (letter) and reward feed-
back during fMRI acquisition.12 As expected, subjects
showed bilateral activations in the CEN: DLPFC
(BA 9/46), premotor and SMA (BA 6/8), Broca area,
dorsal anterior cingulate cortex (ACC), and parietal
cortex. Activations of these regions were modulated by
the complexity of the task (from 1- to 3-back condition).
Increasing cognitive demand engages a pattern of brain
activation characterized by a balance between increasing
activity in cortical cognitive areas (CEN) and decreasing
activity in the limbic and paralimbic structures such as
ventro-medial prefrontal regions (DMN12).
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How can we explain the deactivation of DMN during
the N-Back task? Two general hypotheses may put be
forward. According to the first, in order to satisfy the
cognitive demand, the subject needs to inhibit personal
thoughts (emotional or neutral) that may interfere with
the performance to the task. This “content hypothesis”
suggests that the subject disengages self-related pro-
cesses during the N-Back task, as reflected by DMN
deactivation. With the second hypothesis, consistent
with Dixon et al’s view on allocation of attention
resources,5 the cognitive demand of the task increases
the competition for cognitive resources in a brain system
with limited capacity. Consequently brain activity is
amplified in networks representing relevant information
(here the CEN) and is suppressed in networks represent-
ing irrelevant information (here the DMN). According to
this context hypothesis, the DMN deactivation during
the N-Back task is independent of thought content.

Both hypotheses suggest that CEN and DMN act in
concert and/or in opposition, as they have been shown to
be anti-correlated during both cognitive tasks and during
resting state.13 Moreover the quality of cooperation
between the DMN and the CEN may explain intrasubject
variability in working memory performance in healthy
subjects.14

The content and context hypotheses require us to
define the saliency of external and internal stimuli and to
prioritize the orientation of attention resource invest-
ment. The salience network (SN), which includes the
ventro-lateral prefrontal cortex, anterior insula, and the
dorsal anterior cingulate cortex, supports this integra-
tion of external and internal salient stimuli to guide
behaviors and defines priority. The studies of temporal
dynamics between different networks have shown that
the fronto-insular cortex from the SN is critical for
switching from CEN to DMN and vice versa.15 In this
triple network model, interaction and synchronization of
DMN, SN, and CEN are major determinants in saliency
detection, orientation of attention resources, and per-
formance variability during effortful cognitive task.16

Brain Networks Dynamics, Cognitive Problems, and
Major Depression

Two biases characterize cognitive problems in depres-
sion: the effortful cognitive bias and the increased self-
focus bias.

The effortful cognitive bias reflects the difficulty of
depressed patients to perform cognitive tasks that
require cognitive resources (ie, tasks with cognitive
processes accomplished in sequence and restricted by the
short-term memory capacity) leaving intact automatic
processes in several domains such as learning, memory,

problem-solving, reading, and speed processing (for a
review, see Hartlage et al17).

The effortful-deficit bias in depression predicts
impairment in the actions requiring attention and
executive resources, such as complex goal-directed
behaviors. We suggest that deficits of depressed patients
on effortful tasks are preceded by increasing effort to
maintain a high level of performance. The progressive
exhaustion of cognitive resources precedes the deficits of
depressed patients, and the reduction of cognitive
resources is a final by-product of the failure of depressed
patients to constantly adapt to cognitive demands. fMRI
data support that hypothesis.

In a fMRI study with a verbal N-Back task,18 we
compared 10 depressed subjects and 10 normal controls.
We elsewhere showed that depressed patients have
decreased performance level on the 3 conditions of the
N-Back task compared to healthy controls.19 In our fMRI
study, we a priori selected depressed patients with
normal performance on the N-Back task and no
difference between groups was found for both perfor-
mance and reaction times for each levels of complexity of
the task. Both groups, depressed and controls, showed
bilateral activations of the CEN. Activations of these
regions were modulated by the complexity of the task.
Within this N-Back neural network, depressed patients
showed greater activation of the DLPFC and dorsal
anterior cingulate than normal controls. Since this
seminal work, several fMRI studies used an N-Back task
or a working memory task in depressed patients. Some of
these studies replicated our original findings and showed
a hyperactivation in the left DLPFC in depressed patients
as compared to normal controls.20–22

The aberrant activation of the DLPFC and anterior
cingulate associated with normal performance in
depressed subjects may indicate different problems: (1)
inefficiency of a task-related neural network with
difficulty to organize neural activity and abnormal
signal-to-noise ratio due to dopaminergic or glutamater-
gic dysfunction, ie, the “context” hypothesis; (2) struc-
tural brain abnormalities within the working memory
network; (3) excess of subjective effort (volition) or
subject’s task engagement; (4) difficulties in inhibiting
activation in limbic structures and personal concerns
during the cognitive task as postulated with the content
hypothesis; and (5) greater needs to monitor the putative
errors and conflict than controls reflected by a greater
activation of the ACC.

We looked at the deactivation in the DMN in our
N-Back study. Depressed patients have more difficulties
that normal controls to deactivate the medial prefrontal
cortex activity during the cognitive effort.18 N-Back level
modulated the DMN deactivation: the higher the
cognitive demand the greater the deactivation.
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Impairment in working memory task is a cognitive
marker of acute depression and may persist in remitted
depressed patients.22 Some recent data showed that an
impaired neural signature of working memory task may
also be present in subjects at risk for depression before
the occurrence of any depressive episode.23

In a recent study,24 we assessed more precisely the
temporal dynamics between the CEN and DMN during
the N-Back task in remitted depression in relationship
with residual emotional symptoms.

More specifically we assessed within and between
connectivity of the CEN and DMN in remitted depressed
patients with and without emotional blunting while
performing the N-back task. In order to control for
treatment effect, all remitted patients were treated with
the SSRI paroxetine. We hypothesized that emotional
blunting in remitted depressed patients would be
associated with abnormal cooperation between the
DMN and CEN, hence producing greater intrasubject
variability of performance on the N-back task.

Consistent with this hypothesis, the dynamics of
cooperation between the CEN and the DMN differed
between the two remitted depressed groups. Compared
to the other group, the patients with residual depressive
symptoms showed a significant decreased anti-
correlation between DMN and the CEN during the
N-back task performance (see Figure 1). Moreover, this

decreased anti-correlation was associated with increased
performance variability in the N-Back task.

Increased self-focus is a second bias in major depres-
sion. We have emphasized in several publications that
increased self-focus in depression is related to abnormal
activity within the DMNwith a special role for the medial
prefrontal cortex.25,26 The self-focus bias associated with
negative emotional experience enhances the integration
of negative stimuli to the self and contributes to the
classical self-blame and decreased self-esteem of
depressed patients. Rumination, a repetitive thinking
on the causes and consequences of emotion associated
with self-referential processing, is the hallmark of this
increased self-focus bias.27

Whereas increased self-focus is associated with
increased connectivity within the DMN, rumination
involves increased connectivity of the sub-genual part
of the anterior cingulated cortex to both the anterior and
posterior parts of the DMN.28

In the previous study with the N-Back task,24 we
introduced in the analyses of the cooperation between
DMN and CEN, the ruminative scores of remitted
depressed patients assessed with ruminative rating
scales. In emotionally blunted depressed patients with
residual symptoms, the higher the anti-correlation
(negative correlation) between the DMN and the CEN,
the lower the ruminative scores. Overall in remitted

FIGURE 1. Anticorrelation of DMN and TPN networks during the N-Back task in remitted depressed patients with or without residual emotional symptoms
(adapted from Delaveau et al.).24 DMN: default mode network; TPN: task positive network; TR: repetition time.
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depressed patients with residual emotional symptoms,
the cooperation between CEN and DMN is involved in
coping with ruminative thinking rather than monitoring
their performance.

We described that during both cognitive and emo-
tional tasks, the cooperation between the CEN and DMN
is impaired in depression, leading to difficulties in
adequately allocating cognitive resources, variability of
performance in effortful cognitive tasks, and abnormal
self-processing as revealed by rumination. This abnormal
network dynamic persists during remission and repre-
sents core features of depression.

Beyond brain regions that constitute the DMN and
CEN, the sub-genual anterior cingulate cortex (SgACC)
is a key player in depression and in treatment of
depression 29,30. As proposed by Hamilton et al,28 the
increased connectivity between the SgACC and the DMN
underlies rumination in depression.

Below we propose new pathophysiological pathways
that may explain on one side the abnormal cooperation
between DMN andCEN and on the other side the
increased connectivity between SgCCA and DMN in
depression.

Rejection Sensitivity, Rumination, and Depression

Interpersonal factors are among the strongest predictors
of the onset and course of a major depressive episode.
However little attention has been paid to the biological
mechanisms of interpersonal difficulties of depressed
patients.

Social exclusion - being kept apart from others - and
Threat to Social Acceptance - threat resulting from social
rejection, exclusion or ostracism – are interpersonal
stressors that may precipitate or reinforce a depressive
episode.

To explore emotional, cognitive, behavioral, and
biological reactions to social rejection, the Cyberball
game became a gold standard in the last several years.31

Cyberball is a minimal social interactive ball game in
which participants are ignored and excluded by 2 other
players. During the game, the participant is led to
believe that he plays a ball-tossing game with 2 other
real players through the internet. In fact, the reactions
of these 2 other players are computer-generated to
induce feelings of exclusion in the participant. In the
exclusion condition, the participant will generally get
the ball no more than 2 or 3 tosses, whereas in the
inclusion condition, the participant will get 30% of the
tosses.

Many brain imaging studies using this Cyberball
paradigm showed that social rejection triggers a brain
response in the ventro-lateral prefrontal cortex, anterior
cingulate cortex, and anterior insula, which are regions

that usually process the negative affect and the distress
associated with physical pain.32 A meta-analysis by our
group recently demonstrated that the ventral part of the
anterior cingulate, the subgenual cingulate (SgACC), is
particularly associated with self-reported distress trig-
gered by social rejection.33

In order to cope with the negative emotional
consequences of social exclusion, individuals need to
mobilize cognitive resources and self-regulatory strate-
gies. After social exclusion, subjects may prioritize the
allocation of attention resources toward the “external
world” and toward the processing of social cues that
signal opportunity for social connection (affiliative
behaviors) or for social withdrawal (defensive behaviors).

After social exclusion, subjects may also allocate
attention resources toward the internal world and
increase self-focus attention. Thus, as a self-protection
strategy, people downplay their negative personality
traits and exaggerate their positive traits when facing
threat to social acceptance.34

Self-evaluative processes and increased self-focused
attention triggered by social exclusion may also be
maladaptive by reinforcing and maintaining the negative
affect resulting from this social stress. The subject
sometimes activates rumination after exclusion.

Relationships between sensitivity to social rejection
and rumination are complex and bidirectional. Rejection
sensitivity is a dispositional trait characterized by
anxious expectation of being rejected, readily perception
of signal of rejection, and overreaction to rejection.35

Both rejection sensitivity (assessed by the Rejection
Sensitivity Questionnaire) and rumination are risk
factors for depression. Rumination is associated with
increased interpersonal difficulties (social withdrawal,
submissive interpersonal relationships), and subjects
frequently ruminate on interpersonal problems.

A prospective study by Pearson et al36 examined the
longitudinal relationships between rumination and rejec-
tion sensitivity in currently depressed, previously
depressed, and never depressed subjects. Baseline rejec-
tion sensitivity prospectively predicted increased rumi-
nation 6 months later after controlling for baseline
rumination and depression. Alternatively, baseline rumi-
nation did not predict rejection sensitivity. Overall the
results suggest that rumination may represent a conse-
quence rather than a cause for rejection sensitivity.

People with high levels of rejection sensitivity are at
risk for depression, and depressed patients have high
levels of rejection sensitivity. Two specific features
characterized people with high rejection sensitivity: (1)
subjects expect to be rejected and (2) subjects put a high
value on preventing social rejection. According to this
formulation, the “high expectancy–high value” suscept-
ibility determines specific situations that can precipitate
a depressive episode: situations where subjects cannot
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control rejection. Epidemiological studies have illu-
strated that the break of an important relationship
increases significantly the risk for depression, especially
if this break is not initiated by the subject.37 Consistent
with this, in a 6-month longitudinal study of college-age
women high in rejection sensitivity compared to those
who are low, those high in rejection sensitivity became
more depressed when they experienced a partner-
initiated breakup but not when they experienced a self-
initiated or mutually initiated breakup.38

Following unique or repeated exposures to threat to
social acceptance, subjects high in rejection sensitivity
produce several emotional responses, including sadness
and anger. At the cognitive level, subjects high in
rejection sensitivity will more likely activate ruminative
processes and increase their self-focused attention.
Rumination in this context reflects both the failed goal
of preventing the social rejection perceived as a personal
failure and the response to the secondary emotion
(sadness and/or anger) associated with the loss induced
by social rejection.

At the neural level, we speculate that social exclu-
sion will activate the SgACC as a detector of social
rejection. The SgACC transfers the signal information
to the anterior (and dorsal part) of the insula that calls
for regulation. According to the triple network
model,16 the anterior insula regulates the coordination
between the DMN and the CEN. Instead of synchroniz-
ing the CEN–DMN dynamics following social exclu-
sion, subjects at risk for depression or with a personal
history of depression show increased connectivity
between the DMN and the SgACC, as well as increased
rumination.28 Rumination will then dampen the execu-
tive resources and reinforce the negative emotional
response. This will result in difficulties in adequately

allocating attentional resources toward the external world in
order to cope with the social stress (see Figure 2).

Some of our propositions need to be validated and
further explored. It has to be demonstrated that social
exclusion abnormally involved the CEN–DMN coopera-
tion in subjects with high rejection sensitivity. However,
preliminary results in healthy volunteers confirm the
adaptive changes of large scale brain networks after
exposure to the Cyberball exclusion.39 Likewise the
specific roles of the SgACC and anterior insula in
detection and regulation, respectively, during processing
of social exclusion signal need to be tested.

Conclusion

We have briefly reviewed the literature that views major
depression as a disorder of the functional connectivity
and dynamics of neural networks involved in allocation
of attention resources to the internal and external world.
Several situations detect the abnormal cooperation
between DMN and CEN in depression, including the
N-Back task and the Cyberball game. We postulated that
depression is not simply the result of selective regional or
pathway dysfunctions, but also involves failure of the
brain networks tomaintain homeostatic cognitive control in
times of increased cognitive demands. Because they require
prioritizing one’s attention orientation toward the internal
or external (social) world, interpersonal stressors are
exquisite factors that reveal abnormal network cooperation
in depressed patients and in subjects at risk for depression.
Moreover, the studies on the effects of these stressors shed
light on how attachment relates to impairment in allocation
of attention resources to produce depressive symptoms such
as rumination and cognitive problems.

Working Neural Model of social exclusion and depression

Social exclusion
signals

sgACC Anterior Insula

CEN

vmPFC
DMN

Cope with social
exclusion

Rumination
Depression

Limbic system: DMPFC, amygdala.
    Emotional response

Primary emotion

Rejection Sensitivity :
- Genetic factors
- Social learning (inter-
  personal stress)

Increased secondary emotion: sadness, anger

FIGURE 2. General model showing how rejection sensitivity, exposure to social stressors, and allocation of attentional resources may precipitate a depressive
episode. Orange arrows indicate a depressive response after stress exposure. Blue arrows indicate normal responses to social stress. SgACC: subgenual anterior
cingulate; VMPFC: ventromedial prefrontal cortex; DMPFC: dorsomedial prefrontal cortex; DMN: default mode network; CEN: central executive network.
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