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Abstract: Psychotherapy is a comprehensive biological treatment modifying complex underlying
cognitive, emotional, behavioral, and regulatory responses in the brain, leading patients with mental
illness to a new interpretation of the sense of self and others. Psychotherapy is an art of science
integrated with psychology and/or philosophy. Neurological science studies the neurological basis
of cognition, memory, and behavior as well as the impact of neurological damage and disease on the
functions, and their treatment. Both psychotherapy and neurological science deal with the brain;
nevertheless, they continue to stay polarized far. Existential phenomenological psychotherapy (EPP)
has been in the forefront of meaning-centered counseling for almost a century. The
phenomenological approach in psychotherapy originated in the works of Martin Heidegger,
Ludwig Binswanger, Medard Boss and Viktor Frankl, and it has been committed to account for the
existential possibilities and limitations of one’s life. EPP provides philosophically rich
interpretations and empowers counseling techniques to assist mentally suffering individuals by
finding meaning and purpose of life. The approach has proven to be effective in treating mood and
anxiety disorders. This narrative review article demonstrates the development of EPP, the
therapeutic methodology, evidence-based accounts of its curative techniques, current understanding
of mood and anxiety disorders in neurological science, and a possible converging path to translate
and integrate meaning-centered psychotherapy and neurological science, concluding that the
existential phenomenological psychotherapy potently plays a synergistic role with the currently
prevailing medication-based approaches for the treatment of mood and anxiety disorders.
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1. Introduction

Mood and anxiety disorders are one of the most common diagnoses categorized in Diagnostic
and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) and the 11th revision of the
International Statistical Classification of Diseases and Related Health Problems (ICD-11). The mental
disorders accounts for almost 65 percent of psychiatric conditions worldwide and nearly 30 percent
of the populations are affected by mental illness during lifetime [1]. A selective serotonin reuptake
inhibitor (SSRI) fluoxetine is the most effective pharmacotherapy for the acute treatment of

moderate-to-severe depressive disorder in children and adolescents [2]. However, only 40-60% of
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individuals relieved their symptoms with antidepressant within six to eight weeks [3]. Furthermore,
intervention for treatment-resistant depression (TRD) and prevention of suicide attempt are major
challenge. Mood and anxiety disorders elevate morbidity and mortality, present a high rate of
comorbidity with medical conditions, and impose great social burden. The comorbidity complicates
symptoms, limits choice of pharmacological treatments, lowers treatment adherence, increases the
use of healthcare service, and thus grows the costs [4]. Treatment options for psychological
symptoms are even more limited to post myocardial infarction patients and patients at terminal care
due to advanced cancer [5,6].

A meta-analysis reported once that pharmacotherapy with SSRIs was significantly more
effective than psychotherapy in patients with major depressive disorder [7]. However, a network
analysis revealed that combined pharmacotherapy and psychotherapy was superior to
monotherapy, while no significant difference was found between pharmacotherapy and
psychotherapy in the treatment of depression [8]. An increasing number of therapists pay more
attention to psychotherapy as an effective adjunct maneuver for intervention of psychiatric
disorders. Psychotherapy has presented successful clinical outcomes, which are consistent with less
than five percent variance among skillful psychotherapists. Psychotherapy has also given deeper
insights into human behavior, but it still stands in need of empirical assessments and methodologies
[8]. It undoubtedly deserves to investigate what and how psychotherapy modifies the complex brain
responses underlying in mental illness, which may lead to the development of new therapeutic
intervention. EPP has been in the forefront of meaning-centered psychotherapy (MCP). Meanwhile,
the progress in neuroimaging research such as functional magnetic resonance imaging (fMRI)
techniques provided more and more knowledge of the brain functions, which leads to deeper
understandings of psychopathologies of and the development of therapeutic interventions for
mental disorders [9]. Neurological studies in vitro and animal models have allowed us to test
hypotheses, to reveal pathogenesis, and to develop new drugs for psychiatric disorders [10].
Therefore, translating and integrating methods and knowledge of psychotherapy and neurological
science certainly lead to deeper understanding of disease mechanisms, testing new hypothesis, and
search for novel treatments of mental illness [11]. This review article presents the development and
methods of EPP, clinical evidence of its efficacy, current understanding of mood and anxiety
disorders in neurological science, and a need for converging each expertise to translate and integrate

MCP and neurological science (Figure 1).


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

Mood
and
Anxiety
Disorder
Polarized i
N 1 1
Psychotherapy -+ . ... . . _ Py EISH'.O o5t
SO - cience

Figure 1. Polarization of two expertise: psychotherapy and neurological science. Both psychotherapy
and neurological science explore pathomechanism and interventional opportunity of psychiatric

disorders. Translational studies are scarce, and each expertise stays polarized.

2. Existential Phenomenological Psychotherapy

Phenomenology as a philosophical approach of grasping and explaining reality appeared on
the European intellectual scenery some 130 years ago. Although G. W. F. Hegel already talked and
wrote extensively about the “Phenomenology of Spirit” in the early 19th century, it was not until
Edmund Husserl’s adaptation of the term in the early 1900s that it came to gain its philosophically
characteristicc, nuanced meaning. Husserl, a mathematician and philosopher, was strongly
influenced in the construction of his methodology by philosopher and psychologist Franz Brentano
and by historian and hermeneutic philosopher Wilhelm Dilthey. From Brentano he took over
arguments regarding the structure of consciousness as well as the general task of critiquing
psychologism in the domain of philosophical logic, whereas from Dilthey he appropriated the
“attempt to develop a more descriptive approach to the human sciences” [12]. Having carefully
designed his innovative philosophical methodology, which he believed “could discover the
structures common to all mental acts”, he had high hopes that the systematic utilization of this
methodology could turn philosophy into a “rigorous science” on par with the natural sciences. Thus,
was born phenomenology, a novel philosophical approach whose concise programmatic ideal was

aptly conveyed in the following famous slogan: “back to the things themselves”.
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What does Husserl mean by “back to the things themselves”? This motto involves a call, an
appeal to turn away and leave behind concepts and theories, and instead to experientially encounter
all phenomena of the pure consciousness just as they present themselves, without the conceptual
burden with which language and tradition weighs them down. As eminent historian of the
phenomenological movement Herbert Spiegelberg noted that transcendental phenomenology
attempted to reveal “the structures of pure consciousness, [which were] made accessible by a special
suspension of belief in the reality of our natural and scientific world, the so-called phenomenological
reduction, in which the constitution of the phenomena according to intending acts and intended
contents was studied in detail” [13]. This phenomenological reduction is essential to understanding
how Husserl’s phenomenology was intended to operate. As Husserl explained, the main objective of
phenomenology’s undertaking was to intuitively discern eidetic essences that lay beyond the
singular expressions of individual phenomena [14]. While descriptive phenomenology’s primary
goal was to “intuit, analyze, and describe the data of direct experience in a fresh and systematic
manner”, essential or eidetic phenomenology’s responsibility was to explore “essential structures on
the basis of imaginative variation of the data” [13].

The phenomenological approach had progressively become influential in psychological and
psychiatric circles from the second third of the last century; especially after it successfully wed itself
with the newly emerging philosophical and ethical concerns of existentialism. Martin Heidegger,
who was originally assistant of Husserl, and whose philosophical reputation by the 1930s came to
match his distinguished former teacher’s considerable intellectual stature, was the one who, albeit
unwittingly and increasingly unwillingly, facilitated this fruitful philosophical nuptial. In his
famous 1927 work Being and Time Heidegger critically transformed Husserl's insights and carried
them over to the spheres of ontology [13]. Ontology as a specialized philosophical field deals with
the existence—or being—of all beings, and tries to find answers to such questions as what “being”
means, what separates being from non-being, what levels of existence and various classes of entities
there are, etc. Heidegger’s quest for the forgotten meaning of “being”, and particularly the
“existential analytic” of Being and Time that expounded on the self's—or as Heidegger had called it,
Dasein’s—existential possibilities and limitations, initiated a prominent philosophical and literary
movement that came to be called “existentialism”. Among the proponents of existentialism such
influential figures are customarily counted as Jean-Paul Sartre, Albert Camus, Simone de Beauvoir,
Karl Jaspers, Maurice Merleau-Ponty, and so forth. Nevertheless, the rapidly growing existentialist
movement of the 1940s and 1950s also began to claim an outstanding philosophical ancestry that
ranged from the works of Arthur Schopenhauer to Soren Kierkegaard and from Fyodor Dostoevsky
to Friedrich Nietzsche. What was common in this exceptionally diverse bunch of thinkers was the
circumstance that they were all deeply intrigued by the “subjective” experiences and the inwardness
of the self, at the same time looking distrustfully upon the claims for scientific hegemony of the

positivist, reductionist, and objectifying approaches of the natural sciences (Figure 2 (a)).
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Figure 2. The milestones of philosophical phenomenology and philosophical existentialism.

Discovering the meaning of human existence was the first and foremost task which the
existentialist thinkers set for themselves. As Wrathall and Dreyfus eloquently put it: “For
existentialist thinkers, the focus is on uncovering what is unique to that individual, rather than
treating her as a manifestation of a general type (...) With their focus on the individual and a denial
of any meaningful sense of what constitutes an essential or absolute goal for human existence,
existentialists emphasize human freedom and responsibility, and hold that the only goal consistent
with that freedom and responsibility is to live authentically” [12]. When phenomenology began to
merge with existentialism, first in Heidegger’s, then in a prestigious line of other up-and-coming
philosopher’s work, the rigorousness of phenomenology and the existential concerns of
existentialism generated a unique blend of philosophizing. As Spiegelberg rightly points out, this
new combined approach was in palpable contrast with the methodologically less scrupulous early
existentialist ~ writings of for instance  Kierkegaard or Nietzsche. The new
phenomenological-existential approach firmly maintained “that existence can be approached
phenomenologically and studied as one phenomenon among others in its essential structures” [12].
Wrathall and Dreyfus add to this that since phenomenology and existentialism share many of their
concerns, their joint focus tends to be on these concerns, rather than on numerous other issues that
they would disagree on. “Like the phenomenology of Heidegger, Merleau-Ponty, and Sartre,
existentialism as a movement starts its analysis with the existing individual — the individual engaged

in a particular world with a characteristic form of life. Thus, an emphasis on the body and on the
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affective rather than rational side of human being are characteristic of existentialism” (Figure 2 (b))
[12].

This is the tradition upon which existential psychiatry and psychotherapy has established its
theory and practice. Existential psychotherapy is a unique approach in that it scrutinizes psychic
phenomena from an existentialist point of view. This entails that existential therapists understand
man not as a substantive subject that is torn from objective, “external” reality, but as a
Being-in-the-World (Heidegger’s term) or existence. Existential psychiatry began forming shortly
after the first reception of Heidegger's Being and Time—that is, in the early 1930s—, however it
became influential only from the 1950s and ‘60s. At the beginning, such psychiatrists as Ludwig
Binswanger and Medard Boss had attempted to elaborate the putting into practice what Heidegger
had to say about Dasein’s fundamental ontological structures [15]. Under the name of
Daseinsanalysis, both Binswanger and Boss had worked out a theory as to how one might utilize
phenomenology's insights in understanding and curing the mentally ill. Around the same time
Austrian-born Viktor Frankl also established a distinct existential school of psychiatry and

psychotherapy for which he coined the name Logotherapy (Figure 3 (a)).
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(b) Main figures of later existential psychotherapy (British and American).

Figure 4. Main figures of early existential psychotherapy and later existential psychotherapy.

It is important to keep in mind that existential-phenomenological psychiatry and
psychotherapy were born out of the elemental dissatisfaction with the ways psychiatrists tried to

cure conventionally conceived “diseases” of conventionally conceived human “subjects”: for
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existentialists it seemed that neither of these are adequate modes of either grasping human reality or
of trying to advance the well-being of the individual [16]. By the end of the 1950s, the existential
approach to psychiatry and psychotherapy has arrived and started to grow in the US. Along with
the so-called humanistic movement in psychology, it has gained considerable influence after a
relatively brief period of time. Rollo May and Irvin D. Yalom are the most well-known and
acknowledged representatives of the American school of existential therapy. Meanwhile in Great
Britain, it was Ronald David Laing who first offered analyses of psychopathological and
psychotherapeutic phenomena from an existential-phenomenological stance. Somewhat later
several members of the British School of Existential Analysis came to reform the principles of existential
therapy. Their objective was to strip the therapeutic setting from the urge to diagnose the “disease”
of the client, along with the removal of the habitual pathologization of various “abnormal”
psychological phenomena and the moral evaluation of medical data. Instead, they suggested that
therapy should focus on the phenomenological description of the “lived world” of the patient.
Ernesto Spinelli, leading representative of the British School of Existential Analysis asserted that
existential psychotherapy’s “primary task is not one of seeking to direct change in the worldview of
the client. Rather, existential psychotherapy’s principal concerns lie with its attempts to
descriptively clarify that worldview so that its explicit and implicit, sedimented dispositional

stances can be re-examined inter-relationally” [17] (Figure 3 (b)).

2.1. Existential Psychotherapy’s Approach for the treatment of Mood and Anxiety Disorders

The aim of existential analysis is to guide a person towards experiencing their life authentically
and freely. This is done through practical methods that help an individual to live with ‘inner
consent’, or the ability to affirm what he or she is doing [18].

As Viktor Frankl, the founder of the Vienna School of Existential Analysis maintained,
existential analysis is the search for meaning: the meaning of a given individual’s unique existence
with its goals and values, amidst its limitations and situatedness [19]. However, this approach to the
human psyche comprises other essential facets as well that point beyond a mere psychological
analysis of contingent factors. Frankl claimed that “existential analysis is (...) not only the
explication of ontic existence, but also the ontological explication of what existence is. In this sense,
existential analysis is the attempt at a psychotherapeutic anthropology, an anthropology that
precedes all psychotherapy, not only logotherapy.” The establishment of such an anthropology is
the ultimate goal of existential psychology and psychiatry as a theory of the human psyche and its
dysfunctions. It is exceedingly important to clarify such an anthropology, because, as Frankl goes on
to explain: “every psychotherapy plays itself out against an a priori horizon. There is always an
anthropological conception at its foundation, no matter how little aware of this the psychotherapy
may be” [19].

Frankl, an Austrian-born Holocaust survivor believed that the root cause of the majority of our
psychological problems was a general feeling of meaninglessness: an “existential vacuum” which
leads one to despair and believe that life no longer has any meaning [19]. Therefore, the goal of his
therapeutic approach is to assist rediscovering meaning in one’s life (logotherapy: meaning therapy).
One might wonder why meaning appears crucial for psychiatry and psychopathology. The answer
lies in the fact that mental health and the perceived meaningfulness of personal existence seem to be

both coemerging and codependent. Numerous studies have demonstrated that the absence of a
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comprehensive framework of meaning which includes goals, values and priorities in the
individual’s life is strongly correlated with the formation of depressive disorders [20]. On the other
hand, the presence of meaning has been shown to be an active and potent protective factor against
the emergence of suicidal tendencies which are among the most dangerous potential consequences
of depression. [21,22].

Besides depression, other psychological illnesses such as anxiety disorders can also be directly
linked with a lack of a sense of overall meaning in life. “Although skeptical scholars criticize
meaning in life as a tenuous construct, research shows that many individuals perceive there to be a
larger direction and orientation in their daily lives, and when they lack this experience, they seem
more prone to developing depression, anxiety and other psychological problems” [23].

Regarding some of the concrete techniques that existential-phenomenological psychotherapy
routinely employs to treat mental disorders, the following two are of special interest: paradoxical
intention and dereflection [19]. Frankl argued that both with anxiety disorders and with
obsessive-compulsive disorders, the technique of paradoxical intention can be effectively utilized. As
he wrote, “we define paradoxical intention in the following way: the patient will be directed to wish
(in the case of anxiety neuroses) or to resolve to do (in the case of compulsive neuroses) precisely
that which the patient fears so much” [19]. In other words, paradoxical intention is a technique
whereby the individual resolves themselves to opt for an attitude that is diametrically opposed to
that which they would originally want to adopt as a “natural” reaction to their perceived
psychological difficulty. For example, if one is pathologically anxious and is terrified to experience a
panic attack when they need to speak in front of an audience (glossophobia), then Frankl would
suggest that instead of trying to avoid the anxiety-inducing thoughts, on the contrary, they should
engage these troubling thoughts head-on and even exaggerate them. As Vos elucidates,
“paradoxical intentions are based on the assumption that individuals can choose the stance they take
towards their psychological difficulties and that their symptoms are exacerbated by avoiding
problems or feeling saddened or anxious. Frankl invited clients to deliberate practice or exaggerate a
neurotic habit or thought, so that they stopped fighting and instead identified and undermined their

problems. This technique has proven to be particularly effective in anxiety disorders [23].

Table 1. Techniques of existential psychotherapy.

Name of the technique How does it work? Application

Paradoxical intention Resolves to opt for an attitude that is Anxiety disorders
diametrically opposed to that which they Depression [18].
would originally want to adopt as a “natural”

reaction to perceived psychological difficulty

Dereflection Redirect the attention from the self, towards Anxiety disorders
other people or other phenomena in the Depression [18].
world

The other technique of existential-phenomenological psychotherapy is called dereflection. It
follows the opposite route of paradoxical intention: instead of directly engaging the issues with which
the individual is principally preoccupied, the attention gets redirected, away from the self, towards
other people or other phenomena in the world. As a rule, this technique is used when the client

becomes overly self-absorbed with their own goals and problems. The excessive absorption with


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

one’s problems is what Frankl called hyperreflection. In the following passage he refers to the example
of sexual impotence which is caused by psychological dysfunctioning. “In logotherapy we counter
hyperreflection with a dereflection. To treat the specific hyperintention that is so pathological in
cases of impotence we have developed a special technique, which dates back to 1947. We
recommend that the patient be encouraged ‘not to engage in sex, but rather to acquiesce to
fragmentary acts of tenderness, like a mutual sexual foreplay” [19]. Consequently, the drawing away
of the attention from the perceived problem —sexual impotence —and thus from the self towards the
other person—by giving tenderness and caring, as well as by other gentle forms of mutual
pleasuring —the psychological block can be gradually lifted, and the sexual functioning can become

once again normal.

2.2. Clinical Evidence of Meaning-Centered Psychotherapy

The EPP is practiced as a MCP in general. MCP has proved its efficacy against depressive and
anxiety symptoms in patients with a wide range of diseases from psychiatric disorders,
cardiovascular disease to terminal cancer. Systematic search was conducted in PubMed/Medline
with keywords “meaning-centered” and “psychotherapy” on 16 December 2020. 53 articles were
retrieved, and twelve articles were eventually deemed for synthesis.

An exploratory pilot study reported that advanced cancer patients receiving home palliative
care showed a significant decrease in levels of despair, anxiety, depression, and emotional distress
by individual MCP (IMCP), compared to those who received only counseling [24]. Randomized
control trials showed the efficacy of IMCP and meaning-centered group psychotherapy (MCGP) for
psychological and existential distress in patients with advanced cancer. The IMCP and MCGP were
superior to enhanced usual care and supportive psychotherapy [25-28]. In MCGP the improvement
of quality of life, depression, hopelessness, and desire for hastened death in advanced cancer
patients were mediated by enhanced sense of meaning and peace in life [29]. A longitudinal
mixed-effects model showed significant increases in alleviating burden, anxiety, and depression and
finding meaning, benefit, and spiritual well-being among cancer caregivers by web-based MCP [30].
A one-year follow-up study showed that cancer survivors who completed MCGP presented more
personal growth than those who received supportive group psychotherapy. A two-year follow-up
study reported that MCGP cancer survivors showed better positive relations than usual care
receivers, suggesting that MCGP carries higher efficacy in the long term [31]. The effectiveness and
cost-effectiveness measurements of MCGP for cancer survivors have been designed to compare
meaning making, quality of life, anxiety and depression, hopelessness, optimism, adjustment to
cancer, and costs with supportive group psychotherapy and usual care [32].

The result may reinforce the evidence of the efficacy and determine the cost-benefit ration of
MCGP. Furthermore, an open trial study reported the preliminary results that meaning-centered
grief therapy for parents who lost a child to cancer presented improvements in prolonged grief,
sense of meaning, depression, hopelessness, continuing bonds with their child, posttraumatic
growth, positive affect, and quality of life. The treatment gains were maintained or improved after
three months [33]. The meaning-centered intervention was shown to provide perceived benefits to
palliative care nurses who faced recurrent burden, but improvement of spiritual and emotional

quality of life remains unclear [34].
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A meta-analysis which included 60 trials and 3713 samples reported that MCP had large effect
sizes on quality of life and psychological stress at immediate time frame and follow-up compared to
controls. Quality of life is larger in effect size at immediate time frame than meaning in life, hope and
optimism, self-efficacy, and social well-being. Moreover, meta-regression analysis revealed that
meaning in life is a predictor of psychological stress [35].

Most MCP studies mentioned above dealt with terminal cancer patients presenting mood
symptoms. MCP analysis targeting a population of neurologic or psychiatric diseases, MCP for
individuals without comorbidity, and comparison with patients under pharmacotherapy will
further reveal the efficacy, the applicability, and the limit of MCP for the treatment of a wide range

of diseases.
3. Neurological Science’s Approach to Mood and Anxiety Disorders

3.1. Neuroimaging

Recent advance in neuroimaging technology has facilitated the investigation of brain structure
and function. Among magnetic resonance imaging, computed tomography, and positron emission
tomography, functional MRI (fMRI) provides information on the properties of functional
connectivity (FC). Resting-state fMRI investigates the behavioral characteristics such as
psychological states, sustained attention, personality, temperament traits, creative ability, and
cognitive ability including working memory and motor performance [36-39]. Furthermore, the
patterns of resting-state fMRI are correlated with specific symptoms and respond to treatment
[40,41]. Analytical methods of resting-state network connectivity include seed-based analysis, the
amplitude of low-frequency fluctuation (ALFF) and fractional ALFF techniques, regional

homogeneity (ReHo), independent component analysis (ICA), and graph theory.

3.1.1. Functional magnetic resonance imaging
3.1.1.1 The default mode network

The default mode network (DMN) is a network of interacting brain regions which shows
synchronized activation and deactivation during tasks [42]. DMN includes the medial prefrontal
cortices (mPFC), the posterior cingulate cortex (PCC), precuneus, inferior parietal lobule, lateral
temporal cortex, and hippocampal formation [43,44]. DMN activity is associated with internal
processes including self-referential thinking, autobiographical memory, or thinking about the future
[45-47]. The DMN is divided into an anterior subdivision centered in the mPFC and a posterior
subdivision centered in the PCC. The anterior DMN is more related to self-referential processing,
emotion regulation through its strong connections with limbic areas. The posterior DMN are
associated with consciousness and memory processing through its connection with hippocampal
formation [48,49] (Figure 4).
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Figure 4. Large-scale brain network including the default mode network, the executive control network,
and the salience network. DMN: default mode network; ECN: executive control network; SN: salience network;
ACC: anterior cingulate cortex; dIPFC: dorsolateral prefrontal cortex; INS: insular cortex; LPC: lateral parietal
cortex; mPFC: medial prefrontal cortex; PPC: posterior parietal cortex.

A relative increase in DMN connectivity and significant ReHo reduction were observed in the
posterior DMN in patients with late-life depression (LLD) [50-53]. ICA studies revealed an increased
connectivity within the anterior DMN of patients with depression compared to healthy controls [54].
The dissociation between the anterior and posterior DMN subdivisions was observed in patients
with major depressive disorder [55]. Antidepressant treatment restored FC abnormality in the
posterior DMN but did not correct the FC abnormality in the anterior DMN. Network homogeneity
was increased in the anterior DMN but decreased in the posterior DMN [56]. Seed-based analysis
using mPFC showed the dissociation between the anterior and posterior DMN and increased
connectivity between the anterior DMN and the salience network (SN) in depression [57,58].
Decreased PCC connectivity and increased connectivity in the anterior DMN were observed in
depressive patients without medication and 12-weeks treatment of paroxetine partially restored the
decreased connectivity [59]. In general, FC between PCC and left medial frontal gyrus decreased in
patients with depression and 12-weeks of antidepressant treatment increased FC between PCC to

the bilateral medial frontal gyrus [60].

3.1.1.2. The executive control network
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The executive control network (ECN) plays an important role in the integration of sensory and
memory information, the regulation of cognition and behavior, and the process of working memory
[61]. The ECN consists of the dorsolateral prefrontal cortex (dIPFC), medial frontal cortex, lateral
parietal cortex, cerebellum, and supplementary motor area [62]. Changes of the ECN were reported
in ageing and in patients with LLD, mild cognitive impairment, Alzheimer’s disease, and
Parkinson’s disease [63-67] (Figure 4).

Disruptions of the ECN were reported in non-demented elders with LLD [68-70]. Seed-based
analyses using the dIPFC showed decreased FC in the frontoparietal areas in patients with LLD and
current depression [71]. Seed-based analyses the cerebellum presented decreased FC in ECN nodes
in dIPFC and the parietal cortex and DMN nodes [72,73]. ICA analysis reported decreased FC in the
dIPFC and superior frontal areas, which is consistent with other resting-state fMRI studies with
ReHo and ALFF [52,74-76]. Decreased FC in the frontal-parietal cortex was also reported in LLD
remitters 3 months after remission [77]. Alteration of the ECN was associated with susceptibility to
distraction, difficulty to sustain attention, in multi-tasking, and organizational skills, and concrete
thinking [78]. The FC between the dIPFC and other bilateral regions was negatively associated with
executive function in patients with LLD [79]. Furthermore, the levels of functional disability were
positively correlated with executive dysfunction in LLD [80,81]. Low and slow response to
antidepressants and relapse were correlated with deficits in word-list generation and response
inhibition which are governed in executive function network [82,83]. In addition, dissociation
between the posterior DMN and ECN was also reported in patients with LLD and current
depression [84,85].
3.1.1.3. The salience network

The SN detects and filters salient stimuli and recruits relevant functional networks [86]. The SN
is responsible for detecting and incorporating sensory and emotional stimuli, allocating attention,
switching inward and outward cognition. The SN is located in the ventral anterior insula and
includes nodes in the amygdala, hypothalamus, ventral striatum, and thalamus [87]. The ventral
components play a role in emotional control, while the dorsal components play a role in cognitive
control [88]. Cognitive tasks activate the dorsal components including the dorsal anterior cingulate
cortex and the right anterior insula. During cognitive tasks, the SN engages ECN and disengages
DMN, but vice versa in rest [88-90]. Dissociation between the ECN and SN is correlated with
cognitive task performance [91] (Figure 4).

Decreased FC from the amygdala to the hippocampus was observed in patients with
depression and individuals at high risk of depression [92,93]. Disrupted pattern of SN connectivity
was reported in depression, especially in the insula and amygdala [94]. Elevated connectivity was
found between the insula and DMN in patients with LLD [95]. Seed-based analysis using the
amygdala as a seed region was positively associated with increased amygdala FC with DMN nodes
and long-term negative emotions [96]. Increased FC between the SN and DMN is considered to
predispose individuals to depression but decreased FC between the amygdala and precuneus was
reported in patients with depression [69,97,98]. Decreased negative FC between the ECN and the SN
was associated with cognitive impairment and severity of depression in patients with LLD.

Disrupted standard SN pattern was associated with a worse treatment response [99].

3.1.2. Task-related functional magnetic resonance imaging


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

Mood disorders, anxiety disorders, and posttraumatic stress disorder (PTSD) share
neurobiologically common characteristics in task-related fMRI. A meta-analysis was conducted by
articles studying stereotactic coordinates of whole-brain-based activation in task-related fMRI
between adult patients and controls [100]. Patients with mood disorders, anxiety disorders, or PTSD
shared abnormalities in convergence of task-related brain activity in regions associated with
inhibitory control and salience processing [100]. Patients who suffered from mood and anxiety
disorders presented abnormally lower activity in the inferior prefrontal and parietal cortex, the
insula and the putamen [100]. The regions are responsible for cognitive and motional control, and
inhibition of and switching to new mental activities. The patients also showed higher activity in the
anterior cingulate cortex, the left amygdala, and the thalamus which process emotional thoughts and
feelings [100].

3.2. Other relevant biomarkers and therapeutic targets

Besides the large-scale brain network, natural products, endogenous metabolites,
neuropeptides, receptor agonist, their synthetic analogues, plasma proteins, and lipids are under
extensive study in search of biomarkers and novel drugs for mental disorders [101-107]. In addjition,
the disruption of neural circuitry-neurogenesis coupling was observed in depression [108]. Several
neurotransmitters including serotonin, dopamine, adrenaline, histamine, gamma-aminobutyric acid,
and peptides play an important role in the pathogenesis of mood and anxiety disorders. SSRIs,
selective serotonin and norepinephrine re-uptake inhibitors (SNRIs) and the monoamine oxidase
inhibitors (MAOQOIs) are major classes of antidepressants currently prescribed for the treatment of
depression and anxiety. SSRIs, SNRIs, and MAORs all act on components of neurotransmission.
Glutamatergic neural transmission draws increasing attention because normal human brain
functions are maintained in balance of 80% of excitatory neuronal and 20% of inhibitory neuronal
activities [109]. The excitatory neurotransmission is governed by glutamatergic neurons with the
N-methyl-D-aspartate (NMDA) receptor [110]. Kynurenines (KYNs) are intermediate metabolites of
the tryptophan (TRP)-KYN metabolic pathway, which exhibit a wide range of bioactivity such as
neurotoxic, neuroprotective, oxidative, antioxidative, and/or immunological actions. The KYN
metabolites include a NMDA receptor agonist as well as a NMDA antagonist [111]. Furthermore, the
KYN pathway supplies neuroactive metabolites which trigger biological functions not only in
synaptic spaces, but also in the non-synaptic microenvironment around the neurons [112].
Moreover, increasing attention has been paid to the KYN pathway since over 95 percent of TRP
metabolites through the KYN pathway, leaving about one percent to the synthesis of serotonin that
plays an important role in mood disorder. Kynurenic acid (KYNA) is found to be a diagnostic as well
as predicative biomarker for depression, while KYN and KYNA are potential predictive biomarkers
for escitalopram treatment in depression [113]. KYNs are agonists or antagonist at the
N-methyl-D-aspartate receptor of the glutamatergic nervous system. Thus, the glutamatergic
nervous system was proposed to be a target for mood disorders [109]. A meta-analysis concluded
that an increased risk of depression was correlated with inflammation in chronic illness through the
TRP-KYN metabolic pathway [114]. A systematic review reported KYN metabolism abnormalities in
TRD and suicidal behavior, proposing the KYN enzymes as novel targets in TRD and suicidality
[115].

The gastrointestinal microbiota was observed to participate in development of visceral pain,

anxiety, depression, cognitive disturbance, and social behavior and a microbiota composition was
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proposed to be potential biomarkers and targets [116,117]. The serum plasma profiles may serve as a
potential predictive biomarker for the choice of antidepressants [118]. A food or fortified food
product beneficial to physiological body functions, were proposed for the treatment of metabolic
dysfunction in ageing neurodegenerative diseases [119]. In addition to biomolecules, any
measurable indicators are entitled for risk, diagnosis, prognostic, and predictive biomarkers and
interventional targets. Depression was found a risk factor for Alzheimer’s disease and dementia.
Dyslipidemia treatment reduced the risk of development of dementia in diabetics [120]. The
presence of depressive symptom following acute stroke or transient ischemic attack increased
mortality and disability within 12-months period, suggesting that depression is a prognostic
biomarker in cerebral ischemia [121]. Therefore, the treatment of depression is a crucial measure to
avoid the development of comorbid condition and psychotherapy is certainly able to contribute to
prevention of disease progression and complication for better quality of life. In addition, depression
is a measurable psychobehavioral component of dementia, which can be ameliorated by

animal-assisted and pet-robot interventions in patients with dementia [122] (Figure 5).

Intervention Psychological stress Endpoints

Depression
KYNs (

Diagnosis

Treatment
Plasma

Inflammation

Depression L Chronic Diseases J

Stroke
Transient ischemic attack
Disability

[ Meaning in life }

Mortality

Alzheimer’s Disease
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AAI, PRI

Anxiety

Figure 5. Meaning-centered psychotherapy, its effective targets, and endpoints. Meaning in life is a
predictor of psychological stress. Psychological stress causes depression, anxiety, and cognitive

impairment. Depression is a measurable indicator which predicts diagnosis and/or treatment of
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depression with kynurenines (KYNs), chronic diseases with inflammation, disability and mortality
of stroke and transient ischemic attack, and Alzheimer’s disease and dementia. Depression of
Alzheimer’s diseases and dementia can be ameliorated by AAI (animal-assisted intervention) and

pet-robot intervention (PRI).

4. Future Perspective: Bridging the Expertise

Clinical evidence including randomized-controlled clinical trials and meta-analysis presented
solid evidence that the EPP, which is generally practiced as MCP, provides substantial reliefs to
individual under psychological stress such as depression and anxiety. MCP improves quality of life
and ameliorates psychological stress, while meaning in life predicts degree of psychological stress in
patients with advanced cancer.

Neurological science shed more light on the understanding of pathomechanism of depression
and anxiety and explores possible interventional targets. Imaging studies and various network
analysis provided enormous data on and presented possible mechanisms of mood and anxiety
disorders, but changes in the networks in individuals under psychotherapy have been rarely
reported. Neither have been measurable biomarkers in individuals under psychotherapy. Recent
research revealed that depression itself is a risk, diagnostic, prognostic, and/or predictive biomarker
for various diseases such Alzheimer’s disease, dementia, strokes, major depressive disorders, and
chronic diseases (Figure 5). Thus, depression may be a desirable interventional target to reduce the
risk, morbidity, disability, and mortality of illness. Meanwhile, it has been observed that neurologic
diseases are commonly associated with psychiatric comorbidities, exposing neurologic patients to a
sense of hopelessness and consequently a higher risk of suicidal ideation and suicidal behavior.
Thus, neurologic diseases may be the ideal territory for bridging existential psychotherapy and
neurological science [21,22].

Further translational and integrative research on both psychotherapy and neurological science
is expected to provide symptomatic relief out of psychological stress, to prevent the development of
comorbidity, and to avoid exacerbation of diseases, especially for individuals contraindicated to
pharmacotherapy, making available more options of treatment and realizing a possible
individualized combination therapy based on psychotherapy and pharmacotherapy.
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AAI animal-assisted intervention

ALFF amplitude of low-frequency fluctuation
dIPEC dorsolateral prefrontal cortex

DMN default mode network

ECN executive control network

EPP existential phenomenological psychotherapy
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FC functional connectivity

fMRI functional magnetic resonance imaging
ICA independent component analysis

IMCP individual meaning-centered psychotherapy
KYN kynurenines

KYNA kynurenic acid

LLD late-life depression

MAOI monoamine oxidase inhibitors

MCGP meaning-centered group psychotherapy
MCP meaning-centered psychotherapy
NMDA N-methyl-D-aspartate

mPFC medial prefrontal cortices

PCC posterior cingulate cortex

PRI pet-robot intervention

PTSD posttraumatic stress disorder

ReHo regional homogeneity

SNRI norepinephrine reuptake inhibitor

SSRI selective serotonin reuptaker inhibitor
SN salience network

TRD treatment-resistant depression

TRP tryptophan
References

1. Mental Health - Our World in Data. Available online:

https://ourworldindata.org/mental-health#:~:text=Globally %20an %20estimated %20284 %20million,experi
ence%?20anxiety%20disorders%20than%20men (accessed on 14 December 2020).

2. Zhou X, Teng T, Zhang Y, Del Giovane C, Furukawa TA, Weisz JR, Li X, Cuijpers P, Coghill D, Xiang Y,
Hetrick SE, Leucht S, Qin M, Barth ], Ravindran AV, Yang L, Curry J, Fan L, Silva SG, Cipriani A, Xie P.
Comparative efficacy and acceptability of antidepressants, psychotherapies, and their combination for
acute treatment of children and adolescents with depressive disorder: a systematic review and network
meta-analysis. Lancet Psychiatry. 2020 Jul;7(7):581-601.

3. InformedHealth.org [Internet]. Cologne, Germany: Institute for Quality and Efficiency in Health Care
(IQWIiG); 2006-. Depression: How effective are antidepressants? [Updated 2020 Jun 18]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK361016/.

4. Depression and Other Common Mental Disorders Global Health Estimates. Available online:
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017 .2-eng.pdf(accessed on 14
December 2020).

5. Smolderen, K.G.; Buchanan D.M.; Gosch, K.; Whooley, M.; Chan, P.S.; Vaccarino, V.; Parashar, S.; Shah,
AlJ.; Ho, PM.,; Spertus, J.A. Depression Treatment and 1-Year Mortality After Acute Myocardial
Infarction: Insights From the TRIUMPH Registry (Translational Research Investigating Underlying
Disparities in Acute Myocardial Infarction Patients' Health Status). Circulation2017, 135(18), 1681-1689.


https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

6. Ahmed, E. Antidepressants in Patients With Advanced Cancer: When They're Warranted and How to
Choose Therapy. Oncology (Williston Park). 2019, 33(2), 62-68.

7.  Cuijpers, P.; van Straten, A.; van Oppen, P.; Andersson, G. Are psychological and pharmacologic
interventions equally effective in the treatment of adult depressive disorders? A meta-analysis of
comparative studies. | Clin Psychiatry 2008, 69(11), 1675-85, quiz 1839-1841.

8.  Cuijpers, P.; Noma, H.;Karyotaki, E.;Vinkers, C.H.; Cipriani, A.; Furukawa, T.A. A network meta-analysis
of the effects of psychotherapies, pharmacotherapies and their combination in the treatment of adult
depression. World Psychiatry2020, 19(1), 92-107.

9. Castanheira, L.; Silva, C; Cheniaux, E.; Telles-Correia, D. Neuroimaging Correlates of
Depression-Implications to Clinical Practice. Front. Psychiatry2019, 10, 703.

10. Pound, P. Are Animal Models Needed to Discover, Develop and Test Pharmaceutical Drugs for Humans
in the 21st Century? Animals 2020, 10, 2455.

11. Javanbakht, A.; Alberini, C.M. Editorial: Neurobiological Models of Psychotherapy. Front. Behav.
Neurosci.2019, 13, 144.

12. Wrathall, M.A ; Dreyfus, H.L.A Brief Introduction to Phenomenology and Existentialism.InA Companion to
Phenomenology and Existentialism; Dreyfus, H.L.; Wrathall, M.A. Eds.; Malden Blackwell Publishing;:
Oxford, Victoria: 2006; pp. 1-6.

13. Spiegelberg, H. Phenomenology in Psychology and Psychiatry: A Historical Introduction, Northwestern
University Press: Evanston: 1972.

14. Moran, D.Introduction to Phenomenology, Routledge: London/New York: 2000.

15. Wiggins, O.P.; Schwartz, M.A., Psychiatry. In Encyclopedia of Phenomenology;Embree, L. et al. Eds.;
Dordrecht Springer Science+Business Media: 1997; pp. 562-568.

16. Wertz, F.J. Phenomenological Currents in Twentieth-Century Psychology. In A Companion to
Phenomenology and Existentialism; Dreyfus, H.L., Wrathall, M.A. Eds.; Malden Blackwell Publishing:
Oxford, Victoria: 2006; pp.394-411.

17. Spinelli, E. Practising Existential Psychotherapy: The Relational World. SAGE Publications: Los
Angeles/London/New Delhi/Singapore: 2007.

18. Lingle, A. The Viennese School of Existential Analysis: the search for meaning and affirmation of life.In
Existential Therapy: Legacy, Vibrancy and Dialogue;Barnett, L.; Madison, G. Eds.; Routledge: London/New
York: 2012; pp. 159-170.

19. Frankl, E.V. On the Theory and Therapy of Mental Disorders: An Introduction to Logotherapy and Existential
Analysis, transl. Dubois ].M., Brunner Routledge: New York; 2004.

20. Ameli, M. Reason, Meaning, and Resilience in the Treatment of Depression: Logotherapy as a Bridge
Between Cognitive-Behavior Therapy and Positive Psychology. In Clinical Perspectives on Meaning: Positive
and Existential Psychotherapy; Russo-Netzer, P. et al. Eds.; Springer: Cham;2016; pp.223-244.

21. Costanza, A.; Baertschi, M.; Weber, K; Canuto, A. Maladies neurologiques et suicide: de la neurobiologie
au manque d'espoir [Neurological diseases and suicide: from neurobiology to hopelessness]. Rev Med
Suisse, 2015, 11(461), 402-405.

22. Costanza, A.; Amerio, A.; Aguglia, A.; Escelsior, A.; Serafini, G.; Berardelli, I; Pompili, M.; Amore, M.
When Sick Brain and Hopelessness Meet: Some Aspects of Suicidality in the Neurological Patient. CNS
Neurol Disord Drug Targets 2020, 19(4), 257-263.

23. Vos, J. Working with Meaning in Life in Mental Health Care: A Systematic Literature Review of the
Practices and Effectiveness of Meaning-Centred Therapies. In Clinical Perspectives on Meaning: Positive and

Existential Psychotherapy; Russo-Netzer, P. et. al. Eds.; Springer: Cham: 2016, pp.59-87.


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

24. Fraguell-Hernando, C.; Limonero, J.T.; Gil, F. Psychological intervention in patients with advanced cancer
at home through Individual Meaning-Centered Psychotherapy-Palliative Care: a pilot study. Support Care
Cancer2020, 28(10), 4803-4811.

25. Breitbart, W.; Poppito, S.; Rosenfeld, B.; Vickers, A.J.; Li, Y.; Abbey, J.; Olden, M.; Pessin, H.; Lichtenthal,
W.; Sjoberg, D.; Cassileth, B.R. Pilot randomized controlled trial of individual meaning-centered
psychotherapy for patients with advanced cancer. J. Clin. Oncol.2012, 30(12), 1304-1309.

26. Breitbart, W.; Rosenfeld, B.; Gibson, C.; Pessin, H.; Poppito, S.; Nelson, C.; Tomarken, A.; Timm, AK;
Berg, A.; Jacobson, C.; Sorger, B.; Abbey, J.; Olden, M. Meaning-centered group psychotherapy for patients
with advanced cancer: a pilot randomized controlled trial. Psychooncology2010, 19(1), 21-28.

27. Breitbart, W.Pessin, H.; Rosenfeld, B., Applebaum, A.]J.; Lichtenthal, W.G. Li, Y.Saracino,
R.M.;Marziliano, A.M.; Masterson, M.; Tobias, K.; Fenn, N. Individual meaning-centered psychotherapy
for the treatment of psychological and existential distress: A randomized controlled trial in patients with
advanced cancer. Cancer2018,124(15), 3231-3239.

28. Breitbart, W.; Rosenfeld, B.;Pessin, H.; Applebaum, A.;Kulikowski, J.; Lichtenthal, W.G. Meaning-centered
group psychotherapy: an effective intervention for improving psychological well-being in patients with
advanced cancer. |. Clin. Oncol.2015,33(7), 749-754.

29. Rosenfeld, B.; Cham, H.; Pessin, H.; Breitbart, W. Why is Meaning-Centered Group Psychotherapy
(MCGTP) effective? Enhanced sense of meaning as the mechanism of change for advanced cancer patients.
Psychooncology2018, 27(2), 654-660.

30. Applebaum, A.J.; Buda, K.L.; Schofield, E.; Farberov, M.; Teitelbaum, N.D.; Evans, K.; Cowens-Alvarado,
R.; Cannady, R.S. Exploring the cancer caregiver's journey through web-based Meaning-Centered
Psychotherapy. Psychooncology2018, 27(3), 847-856.

31. Holtmaat, K; van der Spek, N.; Lissenberg-Witte, B.; Breitbart, W.; Cuijpers, P.; Verdonck-de Leeuw, L
Long-term efficacy of meaning-centered group psychotherapy for cancer survivors: 2-Year follow-up
results of a randomized controlled trial. Psychooncology2020, 29(4), 711-718.

32. van der Spek, N.; Vos, J.; van Uden-Kraan, C.F.; Breitbart, W.; Cuijpers, P.; Knipscheer-Kuipers, K.;
Willemsen, V., Tollenaar, R.A.; van Asperen, C.J.; Verdonck-de Leeuw, LM. Effectiveness and
cost-effectiveness of meaning-centered group psychotherapy in cancer survivors: protocol of a
randomized controlled trial. BMC Psychiatry2014, 14, 22.

33. Lichtenthal, W.G.; Catarozoli, C.; Masterson, M.; Slivjak, E.; Schofield, E.; Roberts, K.E.; Neimeyer, R.A.;
Wiener, L.; Prigerson, H.G.; Kissane, D.W.; Li, Y.; Breitbart, W. An open trial of meaning-centered grief
therapy: Rationale and preliminary evaluation. Palliat. Support Care2019,17(1), 2-12.

34. Fillion, L; Duval, S; Dumont, S; Gagnon, P.; Tremblay, I,Bairati, I; Breitbart, W.S. Impact of a
meaning-centered intervention on job satisfaction and on quality of life among palliative care nurses.
Psychooncology2009,18(12), 1300-13310.

35. Vos, J.; Vitali, D. The effects of psychological meaning-centered therapies on quality of life and
psychological stress: A metaanalysis. Palliat Support Care 2018, 16(5), 608-632.

36. Rosenberg, M.D.; Finn, E.S.; Scheinost, D.; Papademetris, X.; Shen, X.; Constable, R.T.; Chun, M.M. A
neuromarker of sustained attention from whole-brain functional connectivity. Nat. Neurosci.2016, 19,
165-171.

37. Hsu, W.-T.; Rosenberg, M.D.; Scheinost, D.; Constable, R.T.; Chun, M.M. Resting-state functional
connectivity predicts neuroticism and extraversion in novel individuals. Soc. Cogn. Affect. Neurosci.2018,

13, 224-232.


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

38. Jiang, R.; Calhoun, V.D.; Zuo, N Lin, D; Li, J; Fan, L; Qi, S; Sun, H; Fu, Z; Song, M.; et al.
Connectome-based individualized prediction of temperament trait scores. Neuroimage2018, 183, 366-374.

39. Beaty, R.E.; Kenett, Y.N.; Christensen, A.P.; Rosenberg, M.D.; Benedek, M.; Chen, Q.; Fink, A.; Qiu, J,;
Kwapil, T.R.; Kane, M.]; et al. Robust prediction of individual creative ability from brain functional
connectivity. Proc. Natl. Acad. Sci. U.5.A.2018, 115, 1087-1092.

40. Kiihn, S.; Vanderhasselt, M.-A.; De Raedt, R.; Gallinat, J. Why ruminators won't stop: The structural and
resting state correlates of rumination and its relation to depression. J. Affect. Disord.2012, 141, 352-360.

41. Brakowski, J.; Spinelli, S.; Dérig, N.; Bosch, O.G.; Manoliu, A.; Holtforth, M.G.; Seifritz, E. Resting state
brain network function in major depression — Depression symptomatology, antidepressant treatment
effects, future research. J. Psychiatr. Res.2017, 92, 147-159.

42. Raichle, M.E.; MacLeod, A.M.; Snyder, A.Z.; Powers, W.J.; Gusnard, D.A.; Shulman, G.L. A default mode
of brain function. Proc. Natl. Acad. Sci. U.S.A.2001, 98, 676—682.

43. Buckner, R.L.; Andrews-Hanna, J.R.; Schacter, D.L. The Brain’s Default Network. Ann. N. Y. Acad. Sci.
2008, 1124, 1-38.

44. Mohan, A.; Roberto, A.J.; Mohan, A.; Lorenzo, A.; Jones, K.; Carney, M.].; Liogier-Weyback, L.; Hwang, S.;
Lapidus, K.A.B. The Significance of the Default Mode Network (DMN) in Neurological and
Neuropsychiatric Disorders: A Review. Yale |. Biol. Med.2016, 89, 49-57.

45. Kyeong, S.; Kim, J.; Kim, J.; Kim, E.J.; Kim, H.E.; Kim, J.-J. Differences in the modulation of functional
connectivity by self-talk tasks between people with low and high life satisfaction. Neuroimage2020, 217,
116929.

46. Spreng, R.N.; Mar, R.A.; Kim, A.S.N. The common neural basis of autobiographical memory, prospection,
navigation, theory of mind, and the default mode: a quantitative meta-analysis. ]. Cogn. Neurosci.2009, 21,
489-510.

47. Raichle, M.E. The Brain’s Default Mode Network. Annu. Rev. Neurosci.2015, 38, 433-447.

48. Andrews-Hanna, J.R.,; Smallwood, J.; Spreng, R.N. The default network and self-generated thought:
component processes, dynamic control, and clinical relevance. Ann. N. Y. Acad. Sci.2014, 1316, 29-52.

49. Leech, R; Sharp, D.J. The role of the posterior cingulate cortex in cognition and disease. Brain2014, 137,
12-32.

50. Posner, J.; Hellerstein, D.J.; Gat, I; Mechling, A.; Klahr, K; Wang, Z.; McGrath, P.J.; Stewart, JW.;
Peterson, B.S. Antidepressants Normalize the Default Mode Network in Patients With Dysthymia. JAMA
Psychiatry2013, 70, 373-382.

51. Zhou, J.; Greicius, M.D.; Gennatas, E.D.; Growdon, M.E.; Jang, ].Y.; Rabinovici, G.D.; Kramer, ].H.; Weiner,
M.; Miller, B.L; Seeley, W.W. Divergent network connectivity changes in behavioural variant
frontotemporal dementia and Alzheimer’s disease. Brain2010, 133, 1352-1367.

52. Yuan, Y.; Zhang, Z.; Bai, F.; Yu, H; Shi, Y.; Qian, Y.; Liu, W.; You, J.; Zhang, X.; Liu, Z. Abnormal neural
activity in the patients with remitted geriatric depression: A resting-state functional magnetic resonance
imaging study. J. Affect. Disord.2008, 111, 145-152.

53. Chen, J,; Liu, F,; Xun, G.; Chen, H.; Hu, M.; Guo, X;; Xiao, C.; Wooderson, S.C.; Guo, W.; Zhao, J. Early and
late onset, first-episode, treatment-naive depression: same clinical symptoms, different regional neural
activities. J. Affect. Disord.2012, 143, 56-63.

54. Mulders, P.C.; van Eijndhoven, P.F.; Schene, A.H.; Beckmann, C.F.; Tendolkar, I. Resting-state functional
connectivity in major depressive disorder: A review. Neurosci. Biobehav. Rev.2015, 56, 330-344.

55. Li, B; Liu, L.; Friston, KJ.; Shen, H.; Wang, L.; Zeng, L.-L.; Hu, D. A Treatment-Resistant Default Mode
Subnetwork in Major Depression. Biol. Psychiatry2013, 74, 48-54.


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

56. Guo, W,; Liu, F.; Zhang, J.; Zhang, Z.; Yu, L.; Liu, J.; Chen, H.; Xiao, C. Abnormal default-mode network
homogeneity in first-episode, drug-naive major depressive disorder. PLoS One2014, 9.

57. Sheline, Y.I; Price, J.L.; Yan, Z.; Mintun, M.A. Resting-state functional MRI in depression unmasks
increased connectivity between networks via the dorsal nexus. Proc. Natl. Acad. Sci. U.S.A.2010, 107,
11020-11025.

58. Van Tol, M.J,; Li, M.; Metzger, C.D.; Hailla, N.; Horn, D.L; Li, W.; Heinze, H.J.; Bogerts, B.; Steiner, J.; He,
H.; et al. Local cortical thinning links to resting-statedisconnectivity in major depressive disorder. Psychol.
Med.2014, 44, 2053-2065.

59. Wu, M.; Andreescu, C.; Butters, M.A.; Tamburo, R.; Reynolds, C.F.; Aizenstein, H. Default-mode network
connectivity and white matter burden in late-life depression. Psychiatry Res. Neuroimaging2011, 194,
39-46.

60. Andreescu, C.; Tudorascu, D.L.; Butters, M.A.; Tamburo, E.; Patel, M.; Price, J.; Karp, J.F.; Reynolds, C.F.;
Aizenstein, H. Resting state functional connectivity and treatment response in late-life depression.
Psychiatry Res. Neuroimaging2013, 214, 313-321.

61. Duffau, H. Functional Mapping before and after Low-Grade Glioma Surgery: A New Way to Decipher
Various Spatiotemporal Patterns of Individual Neuroplastic Potential in Brain Tumor
Patients. Cancers 2020, 12, 2611.

62. Shen, K. kai; Welton, T.; Lyon, M.; McCorkindale, A.N.; Sutherland, G.T.; Burnham, S.; Fripp, J.; Martins,
R.; Grieve, S.M. Structural core of the executive control network: A high angular resolution diffusion MRI
study. Hum. Brain Mapp.2020, 41, 1226-1236.

63. Zhu, Z.; Johnson, N.F.; Kim, C.; Gold, B.T. Reduced frontal cortex efficiency is associated with lower white
matter integrity in aging. Cereb. Cortex2015, 25, 138-146.

64. Rosenberg-Katz, K.; Herman, T.; Jacob, Y.; Mirelman, A.; Giladi, N.; Hendler, T.; Hausdorff, ].M. Fall risk
is associated with amplified functional connectivity of the central executive network in patients with
Parkinson’s disease. J. Neurol.2015, 262, 2448-2456.

65. Cai, S.; Peng, Y.; Chong, T.; Zhang, Y.; von Deneen, KM.; Huang, L. Differentiated Effective Connectivity
Patterns of the Executive Control Network in Progressive MCI: A Potential Biomarker for Predicting AD.
Curr. Alzheimer Res.2017, 14.

66. Zhao, Q.; Lu, H,; Metmer, H.; Li, W.X.Y.; Lu, J. Evaluating functional connectivity of executive control
network and frontoparietal network in Alzheimer’s disease. Brain Res.2018, 1678, 262-272.

67. Cieri, F.; Esposito, R.; Cera, N.; Pieramico, V.; Tartaro, A.; Di Giannantonio, M. Late-life depression:
Modifications of brain resting state activity. |. Geriatr. Psychiatry Neurol.2017, 30, 140-150.

68. Respino, M.; Hoptman, M.].; Victoria, L.W.; Alexopoulos, G.S.; Solomonov, N.; Stein, A.T.; Coluccio, M.;
Morimoto, S.S.; Blau, CJ.; Abreu, L.; et al. Cognitive Control Network Homogeneity and Executive
Functions in Late-Life Depression. Biol. Psychiatry Cogn. Neurosci.Neuroimaging2020, 5, 213-221.

69. Manning, K.; Wang, L.; Steffens, D. Recent advances in the use of imaging in psychiatry: functional
magnetic resonance imaging of large-scale brain networks in late-life depression. F1000Research2019, 8,
1-9

70. Lockwood, K.A; Alexopoulos, G.S.; van Gorp, W.G. Executive dysfunction in geriatric depression. Am.
J.Psychiatry2002, 159, 1119-1126.

71. Alexopoulos, G.S.; Hoptman, M.].; Kanellopoulos, D.; Murphy, C.F.; Lim, K.O.; Gunning, F.M. Functional
connectivity in the cognitive control network and the default mode network in late-life depression. J.

Affect. Disord.2012, 139, 56-65.


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

72. Alalade, E.; Denny, K. Potter, G, Steffens, D.; Wang, L. Altered Cerebellar-Cerebral Functional
Connectivity in Geriatric Depression. PLoS One2011, 6, e20035.

73. Yin, Y.; Hou, Z.; Wang, X,; Sui, Y.; Yuan, Y. Association between altered resting-state cortico-cerebellar
functional connectivity networks and mood/cognition dysfunction in late-onset depression. . Neural
Transm.2015, 122, 887-89.

74. Li, W.; Wang, Y.; Ward, B.D.; Antuono, P.G.; Li, S.-J.; Goveas, ].S. Intrinsic inter-network brain dysfunction
correlates with symptom dimensions in late-life depression. J. Psychiatr. Res.2017, 87, 71-80.

75. Yue, Y Jia, X;; Hou, Z.; Zang, Y.; Yuan, Y. Frequency-dependent amplitude alterations of resting-state
spontaneous fluctuations in late-onset depression. Biomed. Res. Int.2015, 2015, 1-9.

76. Yue, Y. Yuan, Y.; Hou, Z; Jiang, W.; Bai, F.; Zhang, Z. Abnormal Functional Connectivity of Amygdala in
Late- Onset Depression Was Associated with Cognitive Deficits.PLoS ONE2013, 8(9), e75058.

77. Wang, Z; Yuan, Y.; Bai, F.; Shu, H; You, J.; Li, L.; Zhang, Z. Altered functional connectivity networks of
hippocampal subregions in remitted late-onset depression: A longitudinal resting-state study. Neurosci.
Bull.2015, 31, 13-21.

78. Manning, K.J.; Alexopoulos, G.S.; Mcgovern, A.R.; Morimoto, S.S.; Yuen, G.; Kanellopoulos, T.; Gunning,
F.M. Executive functioning in late-life depression. Psychiatr. Ann.2014, 44, 143-146.

79. Gandelman, J.A.; Albert, K.; Boyd, B.D.; Park, J.W.; Riddle, M.; Woodward, N.D.; Kang, H.; Landman,
B.A.; Taylor, W.D. Intrinsic Functional Network Connectivity Is Associated With Clinical Symptoms and
Cognition in Late-Life Depression. Biol. Psychiatry Cogn. Neurosci. Neuroimaging2019, 4, 160-170.

80. Alexopoulos, G.S.; Kiosses, D.N.; Klimstra, S.; Kalayam, B.; Bruce, M.L. Clinical Presentation of the
“Depression—-Executive Dysfunction Syndrome” of Late Life. Am. ]. Geriatr. Psychiatry2002, 10, 98-106.

81. Alexopoulos, G.S.; Kiosses, D.N.; Heo, M.; Murphy, C.F.; Shanmugham, B.; Gunning-Dixon, F. Executive
Dysfunction and the Course of Geriatric Depression. Biol. Psychiatry2005, 58, 204-210.

82. Manning, KJ.; Alexopoulos, G.S.; Banerjee, S.; Morimoto, S.S.; Seirup, J.K.; Klimstra, S.A.; Yuen, G,;
Kanellopoulos, T.; Gunning-Dixon, F. Executive functioning complaints and escitalopram treatment
response in late-life depression. Am. . Geriatr. Psychiatry2015, 23, 440—445.

83. Morimoto, S.S.; Kanellopoulos, D.; Manning, KJ.; Alexopoulos, G.S. Diagnosis and treatment of
depression and cognitive impairment in late life. Ann. N. Y. Acad. Sci.2015, 1345, 36-46.

84. Yin, Y.; He, X;; Xu, M.; Hou, Z.; Song, X.; Sui, Y.; Liu, Z.; Jiang, W.; Yue, Y.; Zhang, Y.; et al. Structural and
functional connectivity of default mode network underlying the cognitive impairment in late-onset
depression. Sci. Rep.2016, 6, 1-10.

85. Kim, J.; Kim, Y.-K. Crosstalk between Depression and Dementia with Resting-State fMRI Studies and Its
Relationship with Cognitive Functioning. Biomedicines 2021, 9, 82.

86. Menon, V.; Uddin, L.Q. Saliency, switching, attention and control: a network model of insula function.
Brain Struct. Funct. 2010, 214, 655-667.

87. Seeley, X.W.W. The Salience Network : A Neural System for Perceiving and Responding to Homeostatic
Demands. Neurosci. 2019, 39(50), 9878-9882.

88. Touroutoglou, A.; Hollenbeck, M.; Dickerson, B.C.; Feldman Barrett, L. Dissociable large-scale networks
anchored in the right anterior insula subserve affective experience and attention. Neuroimage2012, 60,
1947-1958.

89. Seeley, W.W.; Menon, V.; Schatzberg, A F.; Keller, J.; Glover, G.H.; Kenna, H.; Reiss, A.L.; Greicius, M.D.
973 Dissociable Intrinsic Connectivity Networks for Salience Processing and Executive Control. |.

Neurosci.2007, 27, 2349-2356.


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

90. Chand, G.B.; Wu, J.; Hajjar, L; Qiu, D. Interactions of the Salience Network and Its Subsystems with the
Default-Mode and the Central-Executive. Brain Connect.2017, 7, 401-412.

91. Elton, A.; Gao, W. Divergent task-dependent functional connectivity of executive control and salience
networks. Cortex2014, 51, 56—66.

92. Cullen, K.R.; Westlund, M.K,; Klimes-Dougan, B.; Mueller, B.A.; Houri, A.; Eberly, L.E,; Lim, K.O.
Abnormal Amygdala Resting-State Functional Connectivity in Adolescent Depression. JAMA
Psychiatry2014, 71, 1138-1147.

93. Luking, K.R; Repovs, G; Belden, A.C.; Gaffrey, M.S.; Botteron, K.N.; Luby, J.L.; Barch, D.M. Functional
Connectivity of the Amygdala in Early-Childhood-Onset Depression. |. Am. Acad. Child Adolesc.
Psychiatry2011, 50, 1027-1041.e3.

94. Dai, L.; Zhou, H.; Xu, X; Zuo, Z. Brain structural and functional changes in patients with major depressive
disorder: a literature review. PeerJ2019, 7, e8170.

95. Connolly, C.G.; Wu, J.; Ho, T.C.; Hoeft, F.; Wolkowitz, O.; Eisendrath, S.; Frank, G.; Hendren, R.; Max, J.E.;
Paulus, M.P.; et al. Resting-state functional connectivity of subgenual anterior cingulate cortex in
depressed adolescents. Biol. Psychiatry2013, 74, 898-907.

96. Davey, C.G.; Whittle, S.; Harrison, B.J.; Simmons, J.G.; Byrne, M.L.; Schwartz, O.S.; Allen, N.B. Functional
brain-imaging correlates of negative affectivity and the onset of first-episode depression. Psychol.
Med.2015, 45, 1001-1009.

97. Yuen, G.S. Gunning-Dixon, F.M.; Hoptman, M.J.; AbdelMalak, B.; McGovern, A.R.; Seirup, JK;
Alexopoulos, G.S. The salience network in the apathy of late-life depression. Int. J. Geriatr. Psychiatry2014,
29,1116-1124.

98. Zhang, H,; Li, L; Wu, M.; Chen, Z; Hu, X,; Chen, Y.; Zhu, H; Jia, Z,; Gong, Q. Brain gray matter
alterations in first episodes of depression: A meta-analysis of whole-brain studies. Neurosci. Biobehav.
Rev.2016, 60, 43-50.

99. Steffens, D.C.; Wang, L.; Pearlson, G.D. Functional connectivity predictors of acute depression treatment
outcome. Int. psychogeriatrics2019, 31, 1831-1835.

100. Janiri D, Moser DA, Doucet GE, Luber M]J, Rasgon A, Lee WH, Murrough JW, Sani G, Eickhoff SB,
Frangou S. Shared Neural Phenotypes for Mood and Anxiety Disorders: A Meta-analysis of 226
Task-Related Functional Imaging Studies. JAMA Psychiatry. 2020 Feb 1;77(2):172-179.

101. Tanaka, M.; Telegdy, G. Neurotransmissions of antidepressant-like effects of neuromedin U-23 in mice.
Behav. Brain Res.2014, 259, 196-199.

102. Tanaka, M.; Kadar, K.; Toth, G.; Telegdy, G. Antidepressant-like effects of urocortin 3 fragments. Brain Res.
Bull.2011, 84, 414-418.

103. Telegdy, G.; Tanaka, M.; Schally, A.V. Effects of the LHRH antagonist Cetrorelix on the brain function in
mice. Neuropeptides2009, 43, 229-234.

104. Tanaka, M.; Schally, A.V.; Telegdy, G. Neurotransmission of the antidepressant-like effects of the growth
hormone-releasing hormone antagonist MZ-4-71. Behav. Brain Res.2012, 228, 388-391.

105. Vargas, A.S.; Luis, A.; Barroso, M.; Gallardo, E.; Pereira, L. Psilocybin as a New Approach to Treat
Depression and Anxiety in the Context of Life-Threatening Diseases—A Systematic Review and
Meta-Analysis of Clinical Trials. Biomedicines 2020, 8, 331.

106. Ibos, K.E.; Bodndr, E.; Bagosi, Z.; Bozso, Z.; Téth, G.; Szabo, G.; Csabafi, K. Kisspeptin-8 Induces
Anxiety-Like Behavior and Hypolocomotion by Activating the HPA Axis and Increasing GABA Release in
the Nucleus Accumbens in Rats. Biomedicines 2021, 9, 112.


https://doi.org/10.20944/preprints202012.0625.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2021 d0i:10.20944/preprints202012.0625.v2

107. Caruso, G.; Godos, J.; Castellano, S.; Micek, A.; Murabito, P.; Galvano, F.; Ferri, R.; Grosso, G.; Caraci, F.
The Therapeutic Potential of Carnosine/Anserine Supplementation against Cognitive Decline: A
Systematic Review with Meta-Analysis. Biomedicines 2021, 9, 253.

108. Kim, LB.; Park, S.-C. Neural Circuitry-Neurogenesis Coupling Model of Depression. Int. ]. Mol.
Sci. 2021, 22, 2468.

109. Matgorzata, P.; Pawel, K;; Iwona, M.L.; Brzostek, T.; Andrzej, P. Glutamatergic dysregulation in mood
disorders: Opportunities for the discovery of novel drug targets. Expert Opin. Ther. Targets.2020, 3, 1-23.

110. Tanaka, M.; Bohar, Z.; Vécsei, L. Are Kynurenines Accomplices or Principal Villains in Dementia?
Maintenance of Kynurenine Metabolism. Molecules 2020, 25, 564.

111. Tanaka, M.; Toldi, J.; Vécsei, L. Exploring the Etiological Links behind Neurodegenerative Diseases:
Inflammatory Cytokines and Bioactive Kynurenines. Int. J. Mol. Sci. 2020, 21, 2431.

112. Torok, N.; Tanaka, M.; Vécsei, L. Searching for Peripheral Biomarkers in Neurodegenerative Diseases: The
Tryptophan-Kynurenine Metabolic Pathway. Int. ]. Mol. Sci. 2020, 21, 9338.

113. Erabi, H.; Okada, G.; Shibasaki, C.; Setoyama, D.; Kang, D.; Takamura, M.; Yoshino, A.; Fuchikami, M.;
Kurata, A.; Kato, T.A,; et al. Kynurenic acid is a potential overlapped biomarker between diagnosis and
treatment response for depression from metabolome analysis. Sci. Rep.2020, 10, 16822.

114. Hunt, C.; Macedo e Cordeiro, T.; Suchting, R.; de Dios, C.; Cuellar Leal, V.A.; Soares, J.C.; Dantzer, R.;
Teixeira, A.L.; Selvaraj, S. Effect of immune activation on the kynurenine pathway and depression
symptoms— A systematic review and meta-analysis. Neurosci. Biobehav. Rev.2020, 118, 514.

115. Serafini, G.; Adavastro, G.; Canepa, G.; Capobianco, L.; Conigliaro, C.; Pittaluga, F.; Murri, M.B.; Valchera,
A.; De Berardis, D.; Pompili, M.; Lindqvist, D.; Brundin, L.; Amore, M. Abnormalities in Kynurenine
Pathway Metabolism in Treatment-Resistant Depression and Suicidality: A Systematic Review. CNS Neurol
Disord Drug Targets 2017, 16(4), 440-453.

116. Kennedy, P.J; Cryan, J.F; Dinan, T.G.; Clarke, G. Kynurenine pathway metabolism and the
microbiota-gut-brain axis. Neuropharmacology2017, 112, 399-412.

117. Kim, E.Y.; Ahn, H.-S.; Lee, M.Y.; Yu, J; Yeom, J.; Jeong, H.; Min, H.; Lee, HJ.; Kim, K;; Ahn, Y.M. An
Exploratory Pilot Study with Plasma Protein Signatures Associated with Response of Patients with
Depression to Antidepressant Treatment for 10 Weeks. Biomedicines2020, 8, 455.

118. Lépez-Gambero, A J.; Sanjuan, C.; Serrano-Castro, P.J.; Sudrez, J.; Rodriguez de Fonseca, F. The Biomedical
Uses of Inositols: A Nutraceutical Approach to Metabolic Dysfunction in Aging and Neurodegenerative
Diseases. Biomedicines2020, 8, 295.

119. Cantén-Habas, V.; Rich-Ruiz, M.; Romero-Saldafia, M.; Carrera-Gonzalez, M.P. Depression as a Risk Factor
for Dementia and Alzheimer’s Disease. Biomedicines2020, 8, 45.

120. Kowalska, K.; Krzywoszanski, L.; Dros, J.; Pasiniska, P.; Wilk, A.; Klimkowicz-Mrowiec, A. Early
Depression Independently of Other Neuropsychiatric Conditions, Influences Disability and Mortality after
Stroke (Research Study —Part of PROPOLIS Study). Biomedicines2020, 8, 509.

121. Carrillo-Mora, P.; Pérez-De la Cruz, V.; Estrada-Cortés, B.; Toussaint-Gonzélez, P.; Martinez-Cortéz, J.A;
Rodriguez-Barragan, M., Quinzanos-Fresnedo, ], Rangel-Caballero, F.; Gamboa-Coria, G.;
Sanchez-Vazquez, 1.; Barajas-Martinez, K.; Franyutti-Prado, K.; Sanchez-Chapul, L.; Ramirez-Ortega, D.;
Ramos-Chavez, L.A. Serum Kynurenines Correlate With Depressive Symptoms and Disability in
Poststroke Patients: A Cross-sectional Study. Neurorehabilit. Neural Repair 2020, 154596832095367.

122. Park, S.; Bak, A.; Kim, S; Nam, Y.; Kim, H.; Yoo, D.-H.; Moon, M. Animal-Assisted and Pet-Robot
Interventions for Ameliorating Behavioral and Psychological Symptoms of Dementia: A Systematic Review

and Meta-Analysis. Biomedicines 2020, 8, 150.


https://doi.org/10.20944/preprints202012.0625.v2

