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Objective: Major depressive disorder (MDD) is a prevalent psychiatric condition characterized by
multiple symptoms that cause great distress. Uncovering the brain areas involved in MDD is essential
for improving therapeutic strategies and predicting response to interventions. This systematic review
discusses recent findings regarding cortical alterations in depressed patients during emotional or
cognitive tasks, as measured by electroencephalography (EEG).

Methods: A search of the MEDLINE/PubMed and Cochrane databases was carried out using the
keywords EEG and depression, confined to article title.

Results: The studies identified reveal the frontal cortex as an important brain structure involved in the
complex neural processes associated with MDD. Findings point to disorganization of right-hemisphere
activity and deficient cognitive processing in MDD. Depressed individuals tend to ruminate on negative
information and respond with a pattern of relatively higher right frontal activity to emotional stimuli
associated with withdrawal and isolation.

Conclusion: Patients with MDD may have altered dynamic patterns of activity in several
neuroanatomical structures, especially in prefrontal and limbic areas involved in affective regulation.
Identification of these alterations might help predict the response of patients to different interventions
more effectively and thus maximize the effects both of pharmacotherapeutic and of psychotherapeutic
strategies.
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Introduction

Major depressive disorder (MDD) is a highly prevalent
psychiatric condition characterized by multiple symptoms
that lead to significant distress and impair the individual’s
cognitive, emotional, social, and occupational perfor-
mance.! It is usually expressed by both psychological
complaints, such as sadness, anxiety, and irritability, and
by somatic symptoms, such as pain and malaise. Other
symptoms involve tiredness, lack of energy, difficulty
concentrating, social isolation, and unpleasant thoughts.
A dysfunctionality of multiple biological factors is thought
to play a key role in the etiology and development of this
severe psychiatric condition.

Unraveling the neurobiological aspects of depression is
very important, since knowledge of the relationship
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between, for instance, the cortical systems and cognitive
functions may help explain the dysfunctions that occur in
MDD. This, in turn, may contribute to the delineation of
more effective techniques for diagnosis, treatment, and
relapse prevention.

Technical limitations currently preclude direct in vivo
analysis of cellular and molecular candidates underlying
depressive symptoms in human subjects. However, other
neurobiological aspects of depression, such as cortical
activation patterns, can be investigated in the living
human brain through non-invasive techniques such as
electroencephalography (EEG) (Figure 1).

The cerebral cortex plays a key role in the complex
cognitive functions of the human brain, such as memory,
attention, interpretation, and perception.> As the diag-
nostic criteria for MDD include cognitive deficits in the
domains of memory, attention and executive function,’
a growing body of empirical research seeks to examine
the nature of these deficits and investigate the brain
structures implicated in the disorder.6®

Studies using EEG observed that, at the cortical level,
MDD might be related to the action of a large-scale
cortical system comprising a number of functionally
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Figure 1 EEG is a non-invasive method invented by neuropsgchiatrist Hans Berger (1873-1941) that records brain electrical
activity. The first EEG studies with humans began in 1924.< In clinical practice, EEG is useful for functional mapping of
cortical areas, both in the healthy brain and in psychiatric contexts, given that it correlates psychological dysfunctions with
abnormal patterns of brain functioning. The EEG method comprises a large frequency spectrum with waves of different
lengths and amplitudes. From a psychophysiological standpoint, the most important parameter is the clinically relevant
frequency range. EEG identified frequenmes can be broken down into the following bands or ranges: alpha beta, gamma,
theta, and delta.? Alpha (7-14 Hz) is the frequency range which occurs during wakefulness, emerglng when the eyes
are closed, and in a state of relaxation. The alpha wave is attenuated by eye opening or mental activity.” Beta (15-30 Hz) is
the frequency range linked to motor behavior and is attenuated during active movements Low-amplitude beta waves are
often associated with active, busy, or anxious thinking and active concentration.® Gamma rhythms (30-100 Hz) emerge when
different populations of neurons are connected into a network to perform a certain cognitive or motor function.? Theta waves
(4-7 Hz) are normally seen in young children, but may emerge in older children and adults during drowsiness or arousal. This
range is also associated with reports of relaxed, meditative, and creative states.>* Finally, the delta frequency range
comprlses the highest amplitude and the slowest waves (up to 4 Hz), and normally emerges in adults during slow-wave

sleep.?2 EEG = electroencephalography.

connected cortical regions,® and that individuals with this
disorder tend to have altered brain networks.'® The
current scientific literature has validated EEG alpha as
a readout for describing specific cognitive states and
emotional processes, and has suggested the influence of
cortical asymmetry on depression and affect."’ An
extensive body of research has examined the associa-
tions between resting EEG asymmetry and predisposition
for psychopathology. However, many EEG-based studies
emphasize that individual responses to cognitive or
emotional demands are mediated both by asymmetry
and by different levels of cortical activity.'' Nevertheless,
Coan et al.'? emphasized that baseline EEG assessments
cannot provide specific information about the individual’s
capability to react to affective challenges. However, such
information can be obtained by assessing the individual’s
cortical response to specific stressors during cognitive or
emotional tasks, for example. From this point of view, EEG
asymmetry may better elucidate behavioral tendencies
when investigated in response to a relevant stimulus. "

In this paper, we reviewed studies investigating cortical
alterations during emotional or cognitive tasks, as measured
by EEG, in patients with MDD. Such studies are essential
not only to expand knowledge on how the brain works in
health and disease, but also to support the development of
strategies that can restore patterns of activation in depressed
patients.

Methods

We aimed to review and discuss recent findings on the
cortical alterations found in depressed patients during
emotional or cognitive tasks, as measured by EEG.
Specifically, we focused on studies in which EEG
measures were obtained in depressed patients aged
17 to 65 years, during wakefulness, and without the
following comorbid conditions: psychotic symptoms,
human immunodeficiency virus, or internet addiction.
Specific populations, such as children and menopausal
women, were also excluded, as were studies investigating
the effects of specific interventions, such as transcranial
magnetic stimulation. However, due to the high preva-
lence of comorbid depressive and anxiety disorders,
studies with participants diagnosed with both conditions
were included.

A literature search was carried out in the MEDLINE (via
PubMed) and Cochrane databases to identify studies
about EEG alterations during emotional or cognitive tasks
in patients with depression. The keywords used were EEG
and depression, confined to the article title. The search
results are displayed in Figure 2. Only original papers
published in English from 2005 to 2015, and meeting the
eligibility criteria described above, were included. Of the
84 articles found in the PubMed database, six were
included in accordance with the aforementioned criteria.
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Figure 2 Flowchart of the article search process employed in this review.

None of the 17 articles found in the Cochrane Library met
our inclusion criteria.

Results

Specific brain networks mediate different emotions and
behaviors, and changes in patterns of interaction are
associated with differential cerebral activation.'® Although
most of the EEG studies identified in this systematic
review had small sample sizes, their results provide useful
information about patterns of brain functioning during
cognitive or emotional tasks in patients with depression.
The main findings of our review are summarized in
Table 1 and discussed in greater detail in the following
sections.

The altered brain network in depressive states

Li et al.' investigated the differences in brain functional

networks between patients with depression and healthy
controls while they were processing emotional stimuli. In
this study, EEG activities were recorded from 16 patients
with depression and 14 healthy controls when they
performed a spatial search task for facial expressions.
Global EEG coherence, which is an efficient method to
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calculate the linear-dependent interaction of EEG signals
between two channels or brain regions, was significantly
higher in patients with depression than in healthy controls
in both gamma bands, especially in the high gamma
band. Results suggested that, although the brain net-
works of patients with depression and healthy controls
had regular networks during emotional processing, the
brain networks of the depressed group tended toward
randomization. In the depressed group, activated edges
were presented in the frontal regions but, according to
other studies, this finding suggests that the frontal cortex
is not alone in the complex neuronal processes asso-
ciated with the depressive state; the superior occipital
cortex also seems to be associated with cognitive
processes involved in depression.'

To support their findings, Li et al.'* discuss the location
of the amygdala and hippocampus within two specific
regions: the parietal region and the right occipitotemporal
cortex. The amygdala is one of the most relevant brain
regions mediating stress-related emotions, but it is also
associated with cognitive processes, such as attention,
associative learning, and working memory.'® The hippo-
campus is also thought to be related to emotional
regulation, and some studies have shown that hippocam-
pal volume is significantly decreased in patients with
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Table 1 Cortical alterations in MDD during cognitive or emotional tasks, as measured by EEG

Reference Subjects M/F Findings Cognitive/emotional task
Li'4 16 with MDD 6 M/10F In the MDD group, abnormally increased EEG Spatial search task for facial
14 HC 4 MO F gamma coherence was found in both gamma expressions (emotional face
bands, especially in the high gamma band, during processing)
emotional processing.Brain networks appeared
regular during processing in MDD patients and
HC. Conversely, compared with those of HCs, the
networks of MDD patients tend to show a shift
toward randomization.Negative bias was found in
HC from the results of coherence and topological
structures. Negative bias was not detected in
MDD patients.
Stewart'® 143 with 95 M/211 F MDD individuals showed relatively less left frontal DFA task
MDD activity than never-depressed individuals when
163 HC performing approach- and withdrawal-related
facial expressions.
Beeney'® 13 with MDD All F (57) MDD group showed greater right asymmetry, Cyberball task
23 with BPD reflecting withdrawal tendencies in response to
21 HC rejection. The HC group moved toward balance in
terms of cortical alpha.
Deldin & 15 with MDD 12 F/3 M Responders showed decreased alpha power even Cognitive restructuring task
Chiu™? 18 HC 13F/5M at pre-task baseline, with no additional decrease based on CT techniques for
during either unguided or guided thinking. depression
Depressed responders (who reported greater
scores on a range of scales assessing
depressogenic symptoms) exhibited a baseline
frontal asymmetry of greater right than left activity
compared with depressed non-responders.
Greater right frontal activity was found in
individuals with greater depression severity.
Siegle!” 14 with MDD 6 F/8 M MDD individuals displayed sustained and Lexical emotion identification
15 with 7F/8M increased gamma-band EEG throughout the task, task
schizophrenia 12F12 M particularly in the seconds following negative
24 HC words.
Wei'® 16 with MDD 11 F/5M Both groups had different WE during a recognition Recognition task with three
16 HC 10 F/6 M task with emotional faces. facial expressions: happy

(positive), sad (negative), and
neutral

BPD = borderline personality disorder; CT = cognitive restructuring; DFA = directed facial action; EEG = electroencephalogram; F = female;
HC = healthy controls; M = male; MDD = major depressive disorder; WE = wavelet entropy.

depression as compared with healthy controls, and that
the number of hippocampal neurons in these patients
declines.?° In addition, the right hemisphere seems to be
able to produce a larger network of associations than the
left hemisphere,?' and the physiological overactivation of
the right hemisphere in patients with MDD compared to
healthy controls likely reflects an unsuccessful effort to
overcome its functional insufficiency in depression.??
These findings point to a shift toward randomization in
the brain networks of patients with depression and
provide evidence that MDD could be a disorder of
disrupted neuronal network organization and deficient
cognitive processing.'*

Gamma-band (35-45 Hz) EEG is associated with
semantic functions such as feature binding and elaborative
processing.'” Siegle et al.'” examined whether differences
in baseline and sustained gamma-band EEG occurred
following emotional stimuli in healthy adults, adults with
depression, and adults with schizophrenia. In this study, 24
healthy controls, 14 patients with MDD, and 15 patients
with schizophrenia completed a lexical emotion identifica-
tion task while under EEG assessment. The results
suggested that gamma-band EEG may serve as a useful
index of sustained semantic information processing when

measured over several seconds. In addition, the correla-
tion of sustained gamma-band activity seconds after a
stimulus with self-reported rumination reveals sustained
elaborative processing. Depressed individuals in the study
displayed sustained and increased gamma-band EEG
throughout the task, particularly in the seconds following
negative words."”

The finding of increased sustained gamma-band
responses to negative stimuli, apparently only in depressed
individuals,'” supports the argument that depressed indivi-
duals may elaborate or ruminate specifically on negative
information. This finding is consistent with other studies that
have revealed sustained and increased physiological
reactivity to negative information® and sustained amygdala
activity®* during valence identification tasks. The frontal
distribution of increased sustained gamma in depressed
participants was consistent with sustained working memory
processes that occur in semantic elaboration. According to
the authors, these results suggest that increased and
sustained elaborative processing of emotional information
in depressed patients can be considered a hallmark of this
disorder."”

Considering that depression is characterized as a
mental disease with typical deficits in emotional processing,
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Wei et al.” investigated how emotions can influence
cognition. For that purpose, the authors used wavelet
entropy (WE) as a tool to analyze event-related EEG
during a cognitive task. According to the authors, WE can
measure the frequency stabilization of the different EEG
oscillations and distinguishes disordered signals (higher
entropy) from ordered ones. Sixteen subjects with MDD
and 16 healthy controls performed a recognition task
with three types of facial expressions — happy (positive),
sad (negative), and neutral — to assess the influence of
emotions on working memory. The results suggested
that the patients with depression had significantly higher
entropies in overall brain regions than normal controls.
The emotion effect was found in the right anterior and
right center of the brain by WE analysis, and the authors
concluded that patients with depression had much higher
emotion-induced responses than normal individuals about
300 ms after the stimulus onset. Moreover, patients mobi-
lized more neurons to perform a cognitive task than did
healthy participants. The higher entropy observed in the
EEG of depressive patients was found in the prefrontal
region, especially in the right hemisphere, during proces-
sing of negative stimuli.'®

Many studies have suggested that the prefrontal cortex
is an important component of a circuit critical to emotional
regulation. In line with this suggestion, Wei et al. mentioned
studies that confirmed that depressive patients exhibit
abnormal brain activity in the prefrontal cortex'? and that
the right prefrontal cortex is associated with withdrawal and
depressive states.? In short, the findings of Wei et al.
provide important additional evidence for right-hemisphere
disorganization in MDD.®

Cortical activation of the approach and withdrawal
systems

Stewart et al.’® examined the relationship between asym-
metries in frontal brain activity and depression in the resting
state and during an emotional challenge task involving
approach and withdrawal-related facial expressions, to test
the capability model of individual differences in frontal EEG
asymmetry. This model predicted that individual differences
in EEG asymmetry (associated with depressive status)
would be stronger during emotional challenge than during a
baseline resting session. In pursuit of this goal, EEG data
were recorded during resting baseline and a facial emotion
task, wherein 143 subjects with MDD and 163 healthy
controls performed approach (angry and happy) and
withdrawal (afraid and sad) facial expressions. Results
supported the capability model and showed that depressed
individuals had relatively less left frontal activity than never-
depressed individuals during approach- and withdrawal-
related facial expressions.'®

To support these results, the authors discussed other
studies that reported differences in left frontal activity
between depressive patients and healthy controls. In this
context, individual differences in frontal brain asymmetry
may influence an individual’s vulnerability to developing
depression, considering that these differences can be
a diathesis that biases affective style or a tendency to
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engage in aspects of these motivational systems.?®
According to Davidson,?® these individual differences
are associated with a dispositional affective style, which
refers to a predisposition that individuals may have to
respond emotionally to contexts according to an approach
system (which is associated to a relatively higher left than
right frontal activity) or a withdrawal system (which is
associated to a relatively higher right than left frontal
activity).26?” According to this model, depressed indivi-
duals tend to respond with a pattern of relatively higher
right than left frontal activity, indicating withdrawal
emotions, reduced approach motivation, and decreased
sensitivity to reward.?2°

Beeney et al.'"® conducted a study comparing the
response of patients with MDD and patients with borderline
personality disorder (BPD) to an emotional task. Briefly,
13 subjects with MDD, 23 subjects with BPD, and 21
healthy controls were engaged in a social rejection
challenge. In line with the findings of Stewart et al.,'®
these results also suggested that individuals with MDD
were more likely to respond to social stress with withdrawal
and isolation. In contrast, patients with BPD tended to
become angry in response to rejection, a state supported
by approach motivation. Although no differences were
found at baseline, results demonstrated that, following
rejection, individuals with MDD exhibited greater right
cortical activation, consistent with withdrawal motivation.'®

According to Coan & Allen,®® the study of motivated
behavior and its association with frontal EEG alpha
asymmetry supports greater left frontal asymmetry as a
marker of approach motivation and greater right frontal
asymmetry as a marker of withdrawal motivation. In
addition, a number of studies about these motivational
tendencies and their relationship with psychopathology
have found associations between greater withdrawal
motivation and greater right frontal asymmetry in indivi-
duals with MDD.3° As reported by Beeney et al.,'® these
results could help provide better therapeutic strategies in
order to reduce this style of reactivity — such as clinical
strategies that may involve promoting approach behaviors
following rejection in patients with MDD. This recommen-
dation is in agreement with the literature, which states that
behavioral activation is a useful treatment for depres-
sion®' and that facilitating approach behavior provides the
possibility of expressing feelings and developing new
interpersonal skills that are not possible with withdrawal
and isolation.'®

Cortical activity and cognitive restructuring

According to Deldin & Chiu,"’ MDD seems to be the result
of an intricate interaction between psychosocial and
biological variables, so it is reasonable to suggest that
therapeutic response is associated with cortical physiology.
To confirm this relationship, the authors conducted a study
that combined EEG techniques and cognitive restructuring
to examine whether baseline patterns and levels of cortical
activity may be useful indices of mood response to a
cognitive therapy analog. Cognitive restructuring is a
technique that includes identification of maladaptive



thinking associated with distressing moods combined with
questioning and challenging the validity of those beliefs in
order to modify the maladaptive thoughts.®?

Thirty subjects (15 with MDD and 15 healthy controls)
participated in four EEG recording blocks: two blocks were
resting baselines and the other two blocks occurred during
the cognitive restructuring task. After the experiment, the
response of participants on a specific scale developed by
the authors (the Happiness Scale, which refers to a visual
analog scale of happiness ranging from “the happiest | have
ever been” to “not happy at all”) was recorded and used to
divide participants into two groups: Responders (individuals
who exhibited positive values of happiness response after
the cognitive task) or Non-responders (individuals who
reported no change or negative values of happiness after
the cognitive task).

The results suggested that subjects who reported
greater post- than pre-intervention happiness (i.e.,
Responders) exhibited greater overall cortical activity
than non-responders, even at pre-task baseline, indicat-
ing the presence and predictive utility of overall greater
cortical activity for identifying those who reported greater
improvement after a cognitive intervention. Since cogni-
tive therapy strategies can be considered tasks that
involve high cognitive demand, an individual’'s levels and
patterns of cortical activity are likely to moderate the
therapeutic response, as the authors showed.!' These
findings raise relevant questions about cortical alterations
that may occur after long-term therapy. Studies about this
relationship aiming to delineate more effective therapeutic
practices may therefore be warranted."

In addition, and in agreement with other studies,
Deldin & Chiu'" found that depressed responders —
those who reported greater post- than pre-intervention
happiness — were the participants who exhibited the most
severe depression symptoms before the cognitive task,
and that these same participants exhibited a baseline
frontal asymmetry of greater right than left activity
compared with depressed non-responders. This result is
consistent with evidence that an asymmetry toward greater
right relative to left activity in frontal areas is associated
with greater negative affect.?® However, according to the
authors’ discussion, the observed mood reactivity in the
sample seems inconsistent with the literature, which
suggests that individuals with such patterns of frontal
asymmetry are predisposed to respond to negative stimuli
with greater negative affect.?633

These results suggest not only that patients with
depression do not necessarily respond to negative stimuli
with negative emotions, but also that the cognitive task can
be processed not as a negative stimulus, as long as it
provides cognitive restructuring that could improve positive
affect. To investigate this assumption, other studies
focusing on how depressive patients respond to positive
stimuli, and which brain areas are involved in this
processing, should be conducted. Such studies would
enable evaluation of differential processing of positive
emotions between depressed patients and healthy con-
trols, and allow assessment of whether patterns of
brain functioning differ after a positive psychotherapy, for
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example, during baseline, and during emotional or
cognitive tasks.

Discussion

Depression is a mood disorder that causes great distress
and impairs cognitive, social, and occupational perfor-
mance. Due to its high prevalence, it is also one of the
most relevant public health problems worldwide. Unco-
vering the neurobiological aspects of depression is
essential not only to expand knowledge on how the brain
works in health and disease, but also to support the
development of strategies that can restore patterns of
activation in depressed patients.

However, technical limitations mean that such biological
alterations cannot yet be studied directly and in vivo in
human subjects. Nevertheless, other neurobiological
aspects of depression, such as cortical activation patterns,
can be investigated in the living human brain through non-
invasive techniques, such as EEG. Considering that
maladaptive emotional and cognitive processing is a
common psychological feature underlying depressive
symptoms,3*3¢ this systematic review aimed to discuss
recent findings on the cortical alterations found in
depressed patients during emotional or cognitive tasks,
as measured by EEG.

Overall, the reviewed studies suggest that the frontal
cortex might be one of the most important brain structures
involved in the complex neural processes associated
with depressive states. Research findings point to right-
hemisphere disorganization and deficient cognitive proces-
sing as features of in MDD.''"'® |n addition, results
suggest that depressed individuals tend to ruminate
specifically on negative information and respond with a
pattern of relatively higher right frontal activity to emotional
stimuli associated with withdrawal and isolation
motivation.'"1517

The studies included in this review have some
limitations that should be addressed in future research.
Only one study was conducted on a large sample.'®
Sample sizes of future investigations need to be
substantially larger. In addition, most studies (except
Stewart et al.15) failed to control for either comorbidities,
medication, or both. Criteria to include participants in the
depression group must also be defined more clearly in the
studies, with additional information about the severity of
depression in the patient group and clear definition of
whether patients are experiencing a first episode, relapse,
or recurrence.

Although further studies are needed to evaluate the
effectiveness of different interventions for MDD (for a review
and meta-analysis on the effectiveness of psychotherapy for
depression, see Linde et al.37), available data allow us to
hypothesize that some psychological interventions have
potential efficacy for the treatment of MDD. Among these,
we can highlight the well-documented cognitive-behavioral
therapy (CBT)*%° and positive psychotherapy.*®4!

CBT is a widely researched form of psychotherapy.
The proposition of CBT is that symptoms and dysfunc-
tional behaviors are cognitively mediated. One of the
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most important techniques in CBT is cognitive restruc-
turing, which includes the identification of maladaptive
thinking that accompanies and precedes the experience
of distressing moods and questioning/challenging the
validity of those beliefs in order to modify the maladap-
tive thoughts.®?

As previously described herein, the findings by Deldin
et al." suggested that subjects who reported greater post-
intervention results after a cognitive restructuring task
revealed greater overall cortical activity than non-respon-
ders, raising relevant questions about cortical alterations
that may occur after long-term therapy. Another recent
study, conducted by Zaunmiiller et al.,*? investigated the
impact of a 90-minute psychotherapeutic microinterven-
tion on affect and electrocortical correlates of cognitive
restructuring. Although both the intervention group and the
control group reported increases in positive and
decreases in negative affect from pre- to post-intervention,
the results indicated that even such a time-limited
cognitive intervention could have specific and reliably
detectable effects on cortical measures. Dysphoric parti-
cipants who received the restructuring microintervention
seemed to reflect an intervention-specific strengthening
and intensified utilization of prefrontal regulatory brain
mechanisms that could serve to attenuate emotional
arousal.*?

Based on these data, and in agreement with Zaunmdiller
et al.,*? future studies investigating the repetitive practice of
cognitive restructuring by using multiple training sessions
and additional homework between them could help identify
aspects of the brain that would be altered by longer
psychotherapeutic interventions. Unraveling the mechan-
isms of change that mediate the complex processes of
psychotherapeutic interventions is essential to enhancing
the overall efficacy of treatment and to developing more
tailored interventions, focused on the specific needs and
neural profiles of MDD patients.

The science of positive psychology refers to the study
of positive emotion, positive character, and positive
institutions.*® Positive interventions intend to supplement
traditional psychology by focusing on the investigation of
well-being and of what makes life most worth living.**
According to Seligman et al.,*? the practice of psychology
should include an understanding of the interaction of
suffering and happiness and validated interventions that
both relieve suffering and increase happiness.

Regarding depressive disorder, positive psychotherapy
rests on the hypothesis that it can be treated effectively
not only by reducing negative symptoms but also by
building positive emotions, character strengths, and
meaning. The direct building of positive resources may
successfully reduce negative symptoms and buffer
against their future reoccurrence.*® If patients with
depression exhibit increased activation of brain areas
responsible for negative emotions and withdrawal (espe-
cially the right prefrontal cortex), it would be relevant to
assess whether positive psychotherapies (as well as
other positive-based interventions, such as cognitive-
behavioral solution-focused coaching [CB-SFC]) are able
to change this pattern of brain functioning.
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Still in the context of positive emotions, some studies
suggest that positive mood might influence specific
cognitive processes. According to Fredrickson & Kurtz,*®
positive emotions minimize the detrimental effects of
negative emotion on physiology, attention, and creativity,
and can be linked to broadened scopes of attention,
cognition, and action, as well as to enhanced physical,
cognitive, and social resources. Results of a study with
healthy individuals suggested that positive affects
related to determination and satisfaction were asso-
ciated with greater left frontal activity relative to baseline
EEG recordings, and that these positive affects were
also related to persistence on insolvable tasks presented
to participants.*” Based on these findings, novel studies
in the same line of that by Beeney et al.,'® for example,
which investigated the reaction of MDD patients follow-
ing social rejection, could be especially relevant to
investigate possible improvements in social resources
after positive therapy/CB-SFC. Other tasks, such as the
Alternative Uses Task (AUT),*® could be interesting tools
to evaluate whether creativity — an important cognitive
function — improves after interventions that elicit posi-
tive emotions. The AUT is a creativity task where the
individual gives as many uses as possible to an
everyday object (such as a brick or pencil) within a
certain period of time. Previous studies have shown that,
compared to neutral or negative mood, positive mood
could have beneficial effects on cognitive flexibility and,
in turn, on learning performance.*®

As previously suggested, another intervention aiming to
enhance cognitive resources and positive emotions could
be CB-SFC, an integrated coaching approach that works
to help individuals perceive and cope with challenging
stimuli by both identifying and putting into practice key
personal strengths and restructuring unhelpful thinking.®°
However, no studies have been conducted to establish
neural correlates of coaching efficacy.®' Studies correlat-
ing EEG and CB-SFC could provide a better under-
standing of how the coaching process can change
perceptions and behavior by changing the brain, as well
as contribute to the development and optimization of
coaching techniques that could modulate certain identi-
fied brain areas.®' Ascertaining which brain areas could
be systematically activated by psychological interventions
such as CB-SFC would be an important step toward
enhanced, evidence-based psychological practice in the
field of mental health.

In summary, the aim of the present review was to
discuss some key recent findings regarding cortical
alterations in patients with MDD, as measured by EEG
performed during emotional or cognitive tasks. MDD is a
highly prevalent and incapacitating illness characterized by
a number of neurobiological substrates and downregula-
tion of neural plasticity parameters, involving structural,
functional, and molecular alterations in several areas of the
brain. In some animal studies, depressive phenotypes
have been associated with a decreased ability of the
hippocampus to generate newly functional neurons in
postnatal life, among other factors. In humans, patients
with MDD exhibit alterations in dynamic patterns of activity



in neuroanatomical structures, especially in the prefrontal
and limbic areas of the brain that are involved in affective
regulation. These structures have significant implications
for the pathogenesis of MDD. In this sense, it would be
reasonable to believe that interventions capable of indu-
cing neural plasticity could be effective for ameliorating the
symptoms of MDD. Increasing our understanding of the
neurobiological underpinnings of depression might help
predict patient response to different interventions, thus
maximizing the effects of pharmacotherapeutic and psy-
chotherapeutic strategies alike.
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