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Preface

This book, in two volumes, focuses on contemporary issues and dilemmas in
relation to depression. The aim is to equip readers with an up-to-date under-
standing of the clinical and neurobiological underpinnings of depression, its
clinical manifestations, and the development of more effective treatments.
This second volume is devoted specifically to clinical and management
issues. Readers will find detailed information on a wide range of frequently
encountered and more complicated clinical presentations, with examination
of risk factors and links to other conditions. Diagnostic aspects, including
progress toward biological classification and the role of neuroimaging, are
explored. Current trends in therapy are examined at length, drawing on the
latest evidence and covering not only antidepressant medications but also the
roles of neurostimulation, combined pharmacotherapy and psychotherapy,
mindfulness-based cognitive therapy (MBCT), and complementary and alter-
native medicine (CAM). The companion volume is dedicated to the underly-
ing biomedical and neurobiological basis of depression. Understanding
Depression will be an excellent source of information for both researchers
and practitioners in the field.

Part T (Chaps. 1-6) deals with diagnostic issues of depression. The per-
spectives on depression—past, present, and future—and issues about current
changes and criticism based on the DSM-5 are discussed. Currently, the diag-
nosis of depression is based primarily on symptoms rather than objective
biological markers. So, biological diagnostic classification for depression is
also needed in biological psychiatry. The possibility of current and future
biological classifications of depression in view of blood biological markers,
neuroimaging, and voice analysis is addressed.

Chapter 1 highlights the changes to diagnostic criteria for depressive dis-
orders from the DSM-IV to DSM-5. Depressive disorders have been reformu-
lated based on a combination of categorical and dimensional approaches in
the DSM-5. However, despite the transdiagnostic specifiers, severity assess-
ments, and cross-cutting measure assessments contained in the DSM-5,
depression is still defined using a symptom-based classification, and its het-
erogeneity is of significant concern. It is necessary to develop an etiology-
based classification of depressive disorders and to consider humanistic
approaches together with potential cultural and social influences.

Chapter 2 focuses on the differentiating features and contemporary treat-
ment approaches between major depressive disorder and bipolar disorder.
Major depressive disorder and bipolar disorder are distinct conditions with
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differences in clinical presentation and treatment modalities. Since current
treatments are palliative rather than curative in nature, there is an urgent need
to foster a better understanding of the underpinning pathogenic mechanisms
and discover novel therapies.

Chapter 3 discusses the potential diagnostic biomarkers for depression.
Since depression is so heterogeneous and associated with different clinical
presentations and symptoms, the development of a single biomarker is highly
unlikely. A reliable panel or a set of biomarkers, when developed, will have
significant clinical use and lead toward personalized treatment strategies.

Chapter 4 provides a detailed overview of biological markers that may
serve as reliable tools for the diagnosis and treatment of depression. Some of
the frequently reported findings include abnormalities in neurotransmitter
systems, such as those for 5-HT, dopamine, norepinephrine, glutamate, and
GABA, and alterations in the levels of growth factors, such as BDNF, VEGF,
and FGF. Evidence also indicates that there are conspicuous changes in the
levels of inflammatory, endocrine, and metabolic markers and the presence of
structural and functional abnormalities in specific cortico-limbic regions of
depressed patients. Future studies are needed to indicate whether these
changes constitute a direct cause of depression or a compensatory mechanism
for specific neurobiological alterations.

Chapter 5 sheds light on the application of neuroimaging in the diagnosis
and treatment of depression. Accumulating neuroimaging studies suggest
potential biomarkers, such as metabolic activity and structural or functional
connectivity, within the cortico-limbic circuitry. The continuous progress in
neuroimaging studies will help produce better consistent data, which contrib-
ute to the identification of biomarkers for personalized, prognostic, predic-
tive, and preventive medicine.

Chapter 6 introduces the clinical application of pathophysiological voice
analysis for the diagnosis and monitoring of depression. Pathophysiological
analysis by voice is noninvasive, remote, and continuous, without requiring
special equipment. Therefore, this technique is effective as a screen for many
subjects and long-term continuous monitoring at home. In clinical settings, it
is possible to give objective indicators to medical areas that previously had
only subjective indicators in depression.

Part IT (Chaps. 7-11) refers to clinical manifestations of depression.
Anhedonia has been understood as a “loss of pleasure,” but neuropsychologi-
cal and neurobiological studies reveal a multifaceted reconceptualization.
The current methodology to measure anhedonia and its neurobiological
underpinnings and treatment are discussed. The current knowledge of neuro-
cognitive mechanisms in depression and several psychological models that
may explain how cognitive impairment works in depression are addressed.
Disturbances in the sleep-wake cycle and chronobiological rhythm are very
common in depression and serve as sensitive biological markers. The clinical
treatment options available for sleep-wake disturbances and abnormal circa-
dian rhythms in depression are discussed. Suicidal behavior in depression is
more than just a severe form of depression, and distinct predispositions to
suicide behaviors in depression should be better understood.
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Chapter 7 highlights the neurobiology, measurement, and treatment of
anhedonia, a core symptom of depression. Several key brain regions and con-
nections have been identified in reward processing, particularly within the
prefrontal cortex. It is possible that neural dysfunction in any aspect of reward
processing could lead to the clinical symptom of anhedonia. There are vari-
ous treatments that target anhedonia symptoms due to their effect on the
dopaminergic and noradrenergic systems; however, further research is needed
to elucidate the effects of conventional antidepressants on anhedonia. The
development of new assessment tools, including self-report scales and behav-
ioral tasks, improves our understanding of the underlying neurobiology.

Chapter 8 discusses the differential diagnosis and management of various
sleep patterns in depression and the clinical treatment options available for
sleep-wake disturbances that are comorbid with depression. Sleep-wake dis-
turbances are not only prevalent symptoms of depression but also are a bio-
logical marker for depression. Primary sleep disorders, such as obstructive
sleep apnea, restless leg syndrome, and REM sleep behavior disorder, are
also prevalent in depression. Antidepressants can have a variety of effects on
sleep, depending on their mechanism and characteristics. Cognitive behav-
ioral therapy of insomnia (CBT-I), which is the treatment of choice for
chronic insomnia, is also effective for the treatment of insomnia comorbid
with depression.

Chapter 9 focuses on the mechanisms and treatment of sleep homeostasis
abnormalities and circadian rhythm disruptions in depression.
Chronotherapies, which synchronize and stabilize biological rhythms (includ-
ing sleep-wake patterns), such as bright light therapy, melatonin and its ago-
nists, sleep deprivation, and social rhythm therapies, may be useful treatments
in depression. Four types of chronotherapies (bright light therapy, agomela-
tine, sleep deprivation, and phase advance) show efficacy in the treatment of
depression both in unipolar or bipolar disorders and seasonal or nonseasonal
subtypes.

Chapter 10 reviews the risk factors, neurobiological changes, and recon-
ceptualization of suicidal behaviors in depression. The interplay between
interconnected neural systems contributes to suicidal behaviors in depres-
sion, and these neurobiological changes underlie the psychological vulnera-
bility of suicidal behavior. Reconceptualization of suicidal behavior as a
distinct disorder improves suicide risk screening and detection in clinical
practice and helps expand suicide research by using a well-defined
phenotype.

Chapter 11 investigates the psychological and biological mechanisms and
assessments of cognitive impairments in depression. A psychological hypoth-
esis states that depressed patients cannot effectively distribute and utilize
cognitive resources. A biological hypothesis states that weakened top-down
cognitive control and enhanced bottom-up emotion activation result in cogni-
tive impairment. To assess cognitive function in depression, typical neuro-
cognitive function tests to assess overall cognitive function are preferred over
specific examination tools. Amyloid PET is being highlighted for its useful-
ness in patients with depression and cognitive impairment.
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Part III (Chaps. 12—-15) considers complicated clinical manifestations of
depression. Chronic pain and depression show shared psychological and neu-
robiological mechanisms. Neuroimaging studies, genetic and molecular fac-
tors in the pathophysiology, and current novel therapeutic strategy in both
conditions are described. Depression with medical illness, such as cancer or
diabetes, is differentiated from functional depression without medical illness.
The clinical, biological, and therapeutic characteristics between depression
with and without medical illness are discussed. Burnout syndrome has been
defined as a combination of emotional exhaustion, depersonalization, and
reduced personal accomplishment caused by chronic occupational stress. The
current state of the science suggests that burnout is a form of depression
rather than a differentiated type of pathology. Increasing evidence has pointed
to the association between obesity and depression. The association between
both conditions has been described as bidirectional and convergent, and sev-
eral biological and psychosocial factors may be influencing the association.

Chapter 12 proposes several biological hypotheses regarding pathophysi-
ology and treatments of chronic pain in depression. The role of activation of
inflammatory cytokine systems and abnormal neurotransmitter systems, such
as glutamine, serotonin, noradrenaline, and dopamine, explains the overlap-
ping pathophysiology in chronic pain and depression. Neuroimaging studies
show alterations in regions involved in pain perception and structures consid-
ered part of the neural bases of depression. The usefulness of tricyclic antide-
pressants and serotonin-noradrenaline reuptake inhibitors in neuropathic pain
and functional somatic syndromes (fibromyalgia and irritable bowel syn-
drome) is convincingly documented, whereas the superiority of antidepres-
sants from different classes in the treatment of painful physical symptoms in
depression is still a matter of debate.

Chapter 13 focuses on the clinical, biological, and therapeutic characteris-
tics in depression with and without medical illness. Depressive symptoms can
be easily affected by symptoms due to accompanying physical illnesses,
sometimes resulting in difficulties differentiating between sole physical ill-
ness and comorbid depression, which comes from inflammatory pathways,
alteration in the hypothalamic-pituitary-adrenal (HPA) axis, and dysfunc-
tional regulation of hormones and change in neurotransmitters. Considering
the significant prevalence of depression in medical illnesses and its impact on
prognosis of medical illnesses expressed as morbidity or mortality, careful
assessment of depressive symptom screening and severity should be com-
pleted with validated assessment tools.

Chapter 14 provides a comprehensive overview of burnout syndrome and
describes the shift from an initial exploratory and qualitative approach to
more systematic, quantitative research on burnout syndrome. Recent studies
clarify the issue of burnout-depression overlap at theoretical and epistemo-
logical levels and provide compelling evidence that the pathogenesis of burn-
out is depressive in nature. Burnout syndrome highlights the need for more
conceptual parsimony and theoretical integration in psychology and psychia-
try and calls for enhanced transdisciplinary communication in the fields of
stress and depression research.
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Chapter 15 examines the biological and psychosocial associations between
depression and obesity. The bidirectional association between obesity and
depression is complex and affected by several common pathways. HPA axis
dysfunction and leptin, insulin, and inflammatory signal disturbances are
thought to bridge obesity and depression. In addition, the moderating effects
of behavioral and social actors should be considered when examining the
relationship between obesity and depression. Recently, several novel inter-
ventions that target metabolic or inflammatory mechanisms have been pro-
posed for both obesity and depression.

Part IV (Chaps. 16-23) raises therapeutic issues in depression. Ketamine
has received a great deal of attention over the last 20 years, due to the discov-
ery that a single subanesthetic dose leads to a rapid antidepressant effect in
individuals with treatment-resistant depression. To date, treatment strategies
for depression have been devised based on the insights gained from brain
pathophysiology, including alterations in the monoamine systems. Recent
novel antidepressants and promising treatments related to the monoamine
systems are addressed. Regarding antipsychotic agents, short-term clinical
trials support their efficacy as adjuncts to antidepressants in treating major
depressive disorder in individuals inadequately responsive to antidepressant
treatment alone. Novel neuromodulation treatments (deep brain stimulation
(DBS), vagus nerve stimulation (VNS), transcranial direct current stimula-
tion (tDCS), electroconvulsive therapy (ECT), transcranial magnetic stimula-
tion (TMS)) are a treatment option for treatment-resistant depression.
Internet-based MBCT is considered an adjunctive therapy to depression, and
CAM receives attention, given that depression is a strong predictor of
CAM use.

Chapter 16 introduces ketamine, an NMDA antagonist, which produces
robust and rapid antidepressant effects after just a single dose. It was origi-
nally believed that the antidepressant effects of ketamine were mediated
through its antagonism of NMDA receptors and subsequent downstream
effects on the enhanced expression of process and proteins leading to synap-
togenesis, but more recently, preliminary evidence suggests that the behav-
ioral effects are mediated through AMPA receptors via hydroxynorketamine,
a ketamine metabolite. Given that a growing number of providers have begun
offering ketamine off-label for the treatment of psychiatric disorders, future
research is urgently needed to better understand long-term risks, as well as
evidence-based treatment regimens.

Chapter 17 provides updates on antidepressant therapy for depression.
Emerging knowledge of key pathogenic mechanisms, such as the impairment
of non-monoaminergic and monoaminergic neurotransmission, HPA axis
hyperactivity, alterations in neurogenesis signaling pathways, and enhanced
brain oxidative stress and inflammatory activity, has led to a host of new
molecular drug targets. Several of these have been validated through the pre-
liminary use of lead compounds and therapeutic agents in animals and
humans.

Chapter 18 focuses on the efficacy and effectiveness of prescribing atypi-
cal antipsychotics in depression. Each possible antipsychotic agent is useful
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in the treatment of depression, particularly in cases of treatment-resistant
depression and mixed states associated with depressive episodes. In the
future, the therapeutic potentialities of newer atypical antipsychotics in the
treatment of depression, both as monotherapy and as adjunctive therapy,
should be further investigated.

Chapter 19 reviews the neurobiology and evidence for novel therapeutic
strategies for treatment-resistant depression (TRD). Although numerous anti-
depressants are available, there are still very few alternatives for TRD. Among
those, ECT emerges as an evidence-based approach. Ketamine, anti-
inflammatory treatments, and DBS might be promising, but further studies
are needed.

Chapter 20 addresses neurostimulation techniques, such as ECT, repeated
TMS, MST, tDCS, VNS, and DBS, in the treatment of depression.
Neurostimulation is a good alternative treatment for patients who do not
achieve remission after several psychopharmacological treatments and psy-
chotherapy. Currently, ECT and TMS are the most extensively studied neuro-
stimulation methods, while MST, tDCS, VNS, and DBS must be studied
thoroughly so their efficacy and safety can be evaluated. Risks and benefits of
neurostimulation methods should also be weighed in each case.

Chapter 21 provides an overview of the superiority of the combination of
pharmacotherapy and psychotherapy to each treatment alone in depression,
from the perspective of learning theory and neuroplasticity. The synergistic
effects of combined therapy can be explained by the pharmacological aug-
mentation of memory reconstruction updating. In this regard, a different class
of pharmacological agents, such as histone deacetylase (HDAC) inhibitors,
has received attention in the research of combination therapy in depression.

Chapter 22 introduces Internet-based MBCT as an adjunctive treatment
for depression. MBCT is developed as an §-week face-to-face group program
for relapse prevention of depression. Internet-based delivery modes for
MBCT provide benefits over traditional group formats. Several challenges
for the successful implementation of web-delivered MBCT programs remain
and need to be addressed in the future.

Chapter 23 reviews evidence-based studies of CAM in the treatment of
depression. Depression has been identified as one of the most frequent indica-
tions for CAM use. The evidence on the efficacy of CAM treatments in depres-
sion indicates that the approaches that have generated the most research interest
include acupuncture, Chinese herbs, hypericum (St. John’s wort), mindfulness,
and omega-3 fatty acids. Based on a critical review of the evidence, it appears
that the most promising evidence is for hypericum (but with concerns for
adverse effects and interactions), mindfulness, relaxation, and yoga.

I wish to give my heartfelt thanks to all chapter authors for their valuable
time spent in preparing manuscripts. They are leading research scientists with
knowledge and expertise in their respective fields. It goes without saying that,
without their support, this book would not exist. I also wish to thank Dr. Sue
Lee at Springer Nature for her assistance in all aspects of this book. I believe
that this book will function as a step on the path toward the ultimate goal of
understanding and treating depression.

Kyonggi-do, South Korea Yong-Ku Kim
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Depression in DSM-5: Changes,
Controversies, and Future

Directions

Seon-Cheol Park and Yong-Ku Kim

1.1 Introduction

Revision of the Diagnostic and Statistical
Manual of Mental Disorders, fifth edition (DSM-
5) (American Psychiatric Association 2013),
involved a paradigm shift from using a categori-
cal approach to using a dimensional approach for
psychiatric diagnoses in order to encourage
research beyond our current ways of thinking and
the adoption of an etiologically and pathophysi-
ologically based diagnostic system (Adam 2013).
However, the grand ambition to use a dimen-
sional approach encountered furious resistance in
the DSM-5 revision process (Whooley and
Horowitz 2013). Hence, the DSM-5 development
goal was changed to “bridging the gap between
presumed etiologies based on symptomatology
and identifiable pathophysiologic etiologies™ in
the context of a combined categorical and dimen-
sional approach (Kupfer and Regier 2011).
Consistent with this approach, the psychiatric
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taxonomy of depressive disorders has been
revised in the DSM-5.

Highlights of the changes to diagnostic criteria
for depressive disorders from DSM-IV to DSM-5
are as follows: (1) splitting of mood disorders into
bipolar and related disorders and depressive disor-
ders; (2) adding “hopelessness” to the subjective
descriptors of depressive mood; (3) introduction of
disruptive mood dysregulation disorder and pre-
menstrual dysphoric disorder as diseases entities
for the first time; (4) renaming dysthymic disorder
as persistent depressive disorder; (5) removal of
the bereavement exclusion in the definition of
major depressive episode; and (6) changes to the
specifiers for depressive disorders, including “with
psychotic features,” “with anxious stress,” “with
mixed features,” and “with peripartum onset.” In
this chapter, detailed changes, controversies, and
future directions in relation to depression in
DSM-5 will be explained and discussed (American
Psychiatric Association 1994, 2013).

Y.-K. Kim (ed.), Understanding Depression, https://doi.org/10.1007/978-981-10-6577-4_1
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1.2  Changes in Depressive
Disorders from DSM-IV
to DSM-5

1.2.1 Splitting Mood Disorders into

Bipolar and Related Disorders
and Depressive Disorders

Among the changes in the description of
depressive disorders from the DSM-IV to the
DSM-5, splitting the chapter titled “Mood
Disorders” into the chapters “Bipolar and
Related Disorders” and “Depressive Disorders”
might be the most notable (Uher et al. 2014).
This split is in accordance with deconstruction
of the Kraepelinian dichotomy, which was an
important issue in terms of redefining schizo-
phrenia and bipolar disorder using a dimen-
sional rather than a categorical approach in the
development process of the DSM-5 (Vieta and
Philips 2010; Kim et al. 2017). The split into
bipolar and related disorders and depressive
disorders is based on findings that bipolar and
depressive disorders present similar degrees of
symptomatologic and genetic overlap to those
between schizophrenia and depressive disorder
(Lichtenstein et al. 2009; Cross-Disorder
Group of the Psychiatric Genomics Consortium
2013; Rasic et al. 2013). However, this split is
partly inconsistent with the fact that the switch
from depressive to bipolar disorder is regarded
as one of the most significant transitions in
psychiatric taxonomy (Berk et al. 2006; Etain
et al. 2012).

As a consequence of splitting mood disorders
into bipolar and depressive disorders, the diag-
nostic entity “mood disorder not otherwise speci-
fied,” which reflects an undefined condition
between “bipolar disorder not otherwise speci-
fied” and “depressive disorder not otherwise
specified,” has disappeared in the DSM-5. Herein,
arigidly dichotomous view of bipolar and depres-
sive disorders is necessarily required in the con-
text of mood disorders in the DSM-5 and could
be a challenging issue in the early course of bipo-
lar and depressive disorders (Lish et al. 1994;
Uher et al. 2014).

S.-C.Park and Y.-K. Kim

1.2.2 Adding“Hopelessness”
to the Subjective Descriptors
of Depressive Mood

The term “hopelessness,” which was not included
in the DSM-1IV, has been newly added to the sub-
jective descriptors of depressive mood in the
DSM-5. The addition of hopelessness to the
DSM-5 is in accordance with the “bleak and pes-
simistic view of the future” contained in the defi-
nition of depressive mood in the International
Classification of Disease, tenth revision (ICD-
10). Hopelessness is regarded as a psychopatho-
logical feature different from depressive mood,
because it can be present in the absence of depres-
sive mood (Greene 1993; Beck et al. 1993; Joiner
et al. 2001; Marsiglia et al. 2011). Moreover,
hopelessness is considered to be a cognitive atti-
tude of pessimism rather than a specific emo-
tional state (Moller et al. 2015). Herein, we
speculate that, as a consequence of adding hope-
lessness to the definition of depressive mood, the
diagnosis of MDD will broaden, and its reliabil-
ity will be reduced (Uher et al. 2014).

1.2.3 Introduction of Disruptive
Mood Dysregulation Disorder
and Premenstrual Dysphoric

Disorder

The disease entities disruptive mood dysregulation
disorder (DMDD) and premenstrual dysphoric
disorder (PMD) have been newly introduced in the
chapter titled “Depressive Disorders” in the DSM-
5. The diagnosis of DMDD initially originated
from that of severe mood dysregulation (SMD) in
order to include chronic irritability in children and
adolescents in terms of psychiatric diagnoses
(Biederman et al. 2004; Carlson et al. 2009;
Leibenluft 2011; Rao 2014). Patients with SMD
were characterized by high rates of attention-defi-
cit hyperactivity disorder and oppositional defiant
disorder over their lifetime, a significant rate of
comorbid anxiety disorder, and higher risk of anxi-
ety and depressive disorders rather than bipolar
disorders (Brotman et al. 2007; Leibenluft 2011).
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Based on the high prevalence rates of SMD in chil-
dren and adolescents, temper dysregulation disor-
der with dysphoria (TDD) was proposed as a
potential entity by the DSM-5 task force (American
Psychiatric Association Taskforce DV 2010).
However, since there were no significant systemic
studies in the realm of TDD at the time of revision
and the word “temper’” had the potential to be erro-
neously considered only as a temperament varia-
tion (Stringaris 2011), TDD was finally renamed
as DMDD in the DSM-5. Furthermore, partly due
to longitudinal study findings suggesting that
patients with SMD presented with high rates of
depressive disorder outcomes (Stringaris and
Goodman 2009a, b), DMDD was included in the
chapter “Depressive Disorders.” However, the sta-
bility of the DMDD entity is controversial; several
studies have reported that it has low prevalence,
frequently co-occurs with other psychiatric disor-
ders, and is difficult to differentiate from opposi-
tional defiant disorder and conduct disorder
(Axelson et al. 2012; Copeland et al. 2013).

In contrast, PMD is considered a distinct inde-
pendent disease entity in the DSM-5, whereas
late luteal phase dysphoric disorder was an initial
diagnostic entity for PMD in Appendix A of the
DSM-III, renamed as PMD in the DSM-IV
(Epperson et al. 2012). Both age and gender were
regarded as important issues in the definition of
psychiatric illnesses in the revision process of the
DSM-5 (Narrow et al. 2007). Hence, diagnosis of
DMDD and PMD based on the DSM-5 should be
considered in the context of age and gender. The
mean prevalence rate of PMD is estimated to be
about 2% (Sveinsdottir and Backstrom 2000;
Gehlert et al. 2009). The Mood Disorders Work
Group for the DSM-5 proposed the following
benefits of including PMD as a category in the
DSM-5: greater feasibility of detecting women
with PMD, promoting accurate collection of data
regarding treatment needs and delivery of ser-
vices, and facilitating the development of specific
medications (Epperson et al. 2012). Moreover,
the Carolina Premenstrual Assessment Scoring
System (C-PASS) has been proposed as a valid
and reliable method for diagnosing PMD
(Eisenlohr et al. 2017).

1.2.4 Renaming Dysthymic Disorder
as Persistent Depressive
Disorder

Although dysthymic disorder (dysthymia) was
firstly introduced in the DSM-III and regarded as
a distinct diagnostic entity with homogenous
characteristics, there was significant criticism
that dysthymic patients were heterogeneous in
terms of depressive, anxiety, and personality fea-
tures (Klein et al. 2000; Blanco et al. 2010;
Rhebergen and Graham 2014). Hence, it has been
proposed that dysthymic disorder can be opti-
mally defined as a subtype of depressive disorder
and differentiated from MDD by the low level of
symptoms and high level of chronicity (Judd and
Akiskal 2000). In terms of temperament domains,
dysthymia, compared to MDD, is more closely
associated with harm avoidance (Dinya et al.
2012). Moreover, it has been suggested that dys-
thymia might be more closely associated with
personality disorder than with Axis I disorders in
the DSM-IV (Rhebergen and Graham 2014). In
addition, a neuroimaging study reported that,
compared with normal controls, patients with
dysthymia had less activation in left frontal
regions including left ventro- and dorsolateral
prefrontal cortices during working memory tasks
(Vilgis et al. 2014). Chronic MDD is also
regarded to be a subtype of a larger group of
affective disorders (Rubio et al. 2011). Finally,
dysthymic disorder and chronic MDD have been
integrated into persistent depressive disorder
(PDD). In accordance with this change, the
specifier “chronic,” which denotes a major
depressive episode continuing for more than
2 years, has been removed from the DSM-5.
However, there are several significant criti-
cisms of PDD as a diagnostic entity. First, given
the significant overlap in diagnostic criteria for
PDD, MDD, and generalized anxiety disorder
(GAD), the validity of differentiating PDD from
MDD and )GAD is questionable (Rhebergen and
Graham 2014). Secondly, several meta-analyses
found few differences in treatment modalities
between PDD and MDD (Iovieno et al. 2011;
Cuijper et al. 2013; von Wolff et al. 2013). Third,
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because few neuroimaging and pathophysiology
studies of PDD have been performed, it is unclear
whether significant conclusions can be drawn.

1.2.5 Elimination of Bereavement
Exclusion in the Definition
of MDD

The most prominent change in the area of depres-
sive disorders from the DSM-IV to the DSM-5 is
the elimination of the bereavement exclusion in
the diagnosis of MDD (Pies 2014; Uher et al.
2014). The reasons for this removal are as fol-
lows. First, in the context of clinical characteris-
tics, including sadness, sleep disturbance, and
decreased appetite; course; and outcome, there
are few significant differentiating features
between bereavement-related and bereavement-
unrelated depressive disorders (Zisook et al.
2012). Second, MDD is an important issue in
global mental health, as it is closely associated
with overall suicidal rate (Coryell and Young
2005). Third, individuals with bereavement-
related MDD are characterized by past personal
and family histories of major depressive episodes.
Both bereavement-related and bereavement-
unrelated MDD have been reported to be influ-
enced by genetics and to have associations with
similar personality characteristics, patterns of
comorbidity, and risks of chronicity and/or recur-
rence (American Psychiatric Association 2013).
Purely based on symptoms, an operational
diagnosis of MDD regardless of any environmen-
tal factors can be made with removal of the
bereavement exclusion. Hence, study of environ-
mental factors in the etiology of MDD could ben-
efit from the expected decrease in confounding
effects of the diagnostic procedure on outcome.
However, it is unclear how to distinguish between
normal grief and MDD (Uher et al. 2014). Thus,
elimination of the bereavement exclusion could
result in overdiagnosis and overtreatment of
MDD, a potentially expanded market for phar-
maceutical companies, and loss of traditional and
cultural ways of grieving. In addition, appropri-
ateness and rationality from social and medical
perspectives have been proposed as key features

of the medicalization of a condition or behavior
(Bandini 2015; Moller et al. 2015). Herein, in
relation to the removal of the bereavement exclu-
sion, medicalization of normal grief and normal-
ization of MDD should be avoided through the
introduction of appropriate methods in the area
of psychiatric nosology (Pies 2014).

1.2.6 Changes in Specifiers
for Depressive Disorder

1.2.6.1 With Psychotic Features
In the DSM-IV, coding the specifier “with psy-
chotic features” was permitted only in severe
MDD and a relatively high prevalence of the spec-
ifier “mood-congruent psychotic features” com-
pared to “mood-incongruent psychotic features”
was reported. The definition of the specifier “with
psychotic features” in the DSM-IV was in accor-
dance with the severity-psychosis hypothesis that
the presence of psychotic symptoms was limited
to severe MDD in patients with psychotic depres-
sion. However, this hypothesis has been rejected
by several studies (Ohayon and Schatzberg 2002;
Maj et al. 2007; @stergaard et al. 2012a).
Moreover, in the context of deconstructing the
Kraepelinian dichotomy, the following factors
have been emphasized in the definition of psy-
chotic depression in the DSM-5 revision process:
potential co-occurrence of psychotic symptoms
independent of the severity of depressive disor-
ders, more adequate definition of psychotic
symptoms, and clinical relationship and overlap
between unipolar psychotic depression and bipo-
lar psychotic depression (Keller et al. 2007a, b).
Thus, in the DSM-5, the specifier “with psychotic
features” can be coded in PDD and mild to severe
MDD, and the notion of prevalence of mood-
congruent and mood-incongruent psychotic fea-
tures has been removed. There is still an intuitive
distinction between mood-congruent and mood-
incongruent psychotic features. The revised con-
cept of psychotic depression has been suggested
as a distinct disease entity as well as a “meta-
syndrome,” which includes unipolar and bipolar
psychotic depression in the diagnostic criteria
proposal of ICD-11(@stergaard et al. 2012b).



1 Depression in DSM-5: Changes, Controversies, and Future Directions 7

However, the specifier “with psychotic features”
might still be associated with depressive subtyp-
ing models (Harald and Gordon 2012).

1.2.6.2 With Anxious Distress

The specifier “with anxious distress” was intro-
duced in the DSM-5. This specifier can be coded
in MDD in the presence of two or more of five
symptoms (feeling keyed up or tense, feeling
unusually restless, difficulty concentrating due to
worry, fear that something awful will happen,
and fear of losing control of oneself) most days.
Grading of the specifier “with anxious distress”
is as follows: mild, moderate, and moderate-
severe levels involve the presence of two, three,
and four or more of the five symptoms, respec-
tively (Uher et al. 2014). A large cohort study
reported that individuals with MDD “with anx-
ious distress” showed poorer clinical outcomes
than those with MDD “without anxious distress,”
and the specifier “anxious distress” was found to
have significant discriminant performance and
convergent validity (Gaspesz et al. 2017).

The symptoms feeling tense, feeling restless,
difficulty concentrating, and fear that something
awful will happen overlap with and/or share
diagnostic criteria for both the specifier “with
anxious distress” and GAD. In the development
process of the DSM-5, the problem of differen-
tially diagnosing MDD and GAD was considered
an important issue. Introduction of the specifier
“with anxious distress” is in accordance with the
significant overlap between MDD and GAD in
terms of familial/genetic factors, childhood envi-
ronment, personality traits, and demographic
characteristics (Hettema 2010). In contrast, due
to insufficient evidence from clinical research,
the entity “mixed anxiety and depressive disor-
der,” which denotes a combination of subthresh-
old anxiety and subthreshold depression, is
regarded to be a useless category in clinical psy-
chiatry and is not included in the section for fur-
ther research in the DSM-5 (Moller et al. 2015).
To determine the diagnostic boundary between
MDD and GAD, sharing and separation of
depressive and anxious symptoms should be
systematically analyzed in appropriate epide-
miological hypotheses and pharmacological

treatment studies (Kendler et al. 1992; First 2014;
Flint and Kendler 2014).

1.2.6.3 With Mixed Features

“With mixed features” is also a new coding spec-
ifier in the depressive disorder section of the
DSM-5. In the DSM-IV, a mixed episode is
defined as a condition that simultaneously meets
the criteria for manic episode and depressive epi-
sode; in the DSM-5, this has been removed and
replaced with the specifier “with mixed features,”
which can be coded in manic, hypomanic, and
depressive episodes. Herein, a definite distinction
between episodes being predominantly depres-
sive or predominantly manic is needed given the
removal of mixed episodes in the DSM-5. The
specifier “mixed features” for depressive disorder
can be coded for subthreshold bipolar features
during the predominantly depressive episode,
and subthreshold bipolarity denotes a condition
that does not meet the threshold of manic or
hypomanic episodes. Coding the specifier “mixed
features™ is permitted with the presence of three
or more of seven symptoms, namely, elevated
mood, inflated self-esteem, pressure of speech,
racing thoughts, goal-directed activity, involve-
ment in risky activities, and decreased need for
sleep (Uher et al. 2014; Moller et al. 2015). A
large-sample study has reported that individuals
with MDD “with mixed features” had signifi-
cantly more severely depressive phenotypes than
individuals with MDD without mixed features
(Mclntyre et al. 2015). Another study found an
association between the presence of mixed
features and complex clinical course/reduced
treatment response in individuals with comorbid
MDD and borderline personality disorder (Pergi
et al. 2015). Furthermore, it has been proposed
that additional medications beyond antidepres-
sants or lurasidone monotherapy might be effica-
cious for individuals with MDD “with mixed
features” (Rosenblat et al. 2016; Targum et al.
2016). The Clinically Useful Depression
Outcome Scale supplemented with questions
regarding the DSM-5 “mixed features”
(CUDOS-M) has been developed and showed
high reliability and validity for measuring the
specifier “mixed features” in the Rhode Island
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Methods to Improve Diagnostic Assessment and
Services project (Zimmerman et al. 2014).

The specifier “with mixed features” can be
criticized in terms of difficulties in reliably iden-
tifying subsyndromal hypomanic presentations,
operationalizing subthreshold bipolarity, differ-
entiating subthreshold bipolarity from borderline
personality disorder, overdiagnosing bipolar
spectrum disorders, and uncertainties about opti-
mal interventions for subthreshold bipolarity
(Nusslock and Frank 2011). Specifically, agita-
tion and irritability have been excluded from the
definition of the specifier “with mixed features”
in the DSM-5 due to potential diagnostic non-
specificity, whereas agitation and irritability are
regarded as hallmarks of mixed mood states in
the DSM-IV (Koulopoulos et al. 2013). While
the frequency rate of mixed mood states accord-
ing to the DSM-5 definition (depressive episode
with euphoric mood excluding agitation) ranges
from 0 to 12% in empirical studies (Koukopoulos
and Sani 2014), the frequency rate using the defi-
nition including agitation and irritability ranges
from 33 to 47% (Koukopoulos et al. 2007; Angst
et al. 2011). Psychomotor agitation and fatigue/
loss of energy were identified as factors that
could differentiate between predominantly
depressive and predominantly manic episodes in
an empirical study. Based on these findings,
Malhi et al. (2015) proposed splitting mixed
mood states into mixed mania and mixed depres-
sion. Moreover, agitated depression, which
denotes depressive syndromes with psychomotor
agitation and which was initially included in the
original research diagnostic criteria, was pro-
posed as an alternative diagnostic entity by
Koulopoulos et al. (2013).

1.2.6.4 With Peripartum Onset

The specifier “with postpartum onset” in the
DSM-IV has been expanded to “with peripartum
onset” in the DSM-5 and can be coded not only
within 4 weeks after delivery but also during the
entire pregnancy. Expansion of the specifier
“with peripartum onset” accepts the finding that
postpartum depressive episodes can start during
pregnancy and worsen after delivery and rejects

the belief that pregnancy has a protective effect
against development of a major depressive epi-
sode. In addition, the specifier “with peripartum
onset” emphasizes the clinical significance of the
management of depressive disorders both during
pregnancy and after delivery (di Florio et al.
2013; Uher et al. 2014).

However, there are several controversies
about the specifier “with peripartum onset.” A
study of a nationally representative sample from
the United States reported that the clinical pre-
sentation of depressive symptoms in women of
childbearing age was not significantly different
during pregnancy, after delivery, and outside the
period of peripartum (Hoertel et al. 2015). The
recurrence of MDD was also shown to be closely
associated with the discontinuation of antide-
pressant treatments during the period of plan-
ning pregnancy or pregnancy (Cohen et al.
2006; Yonkers et al. 2011). In addition, postpar-
tum onset depressive episodes have been associ-
ated with obsessive-compulsive and psychotic
disorder, whereas depressive episodes during
pregnancy have been associated with the recur-
rence of MDD (Altemus et al. 2012).
Furthermore, it has not been established if there
are differential responses to treatment in depres-
sive episodes during pregnancy and after deliv-
ery (Uher et al. 2014).

1.2.6.5 With Catatonia

“Catatonia associated with another mental dis-
order” has been newly conceptualized as a
semi-independent category in the chapter
“Schizophrenia Spectrum and Other Psychotic
Disorders” in the DSM-5. Hence, the specifier
“with catatonia” is coded for a condition that
has three or more of the following symptoms:
stupor, catalepsy, waxy flexibility, mutism, neg-
ativism, posturing, mannerism, stereotypy, agi-
tation, grimacing, echolalia, and echopraxia.
As a consequence of this revision, the definition
of catatonia has been broadened, and validation
through response to specific treatments includ-
ing benzodiazepines and electroconvulsive
therapy is needed (Moller et al. 2015; Uher
et al. 2014).
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1.3 Controversies

1.3.1 Categorical Versus
Dimensional Approaches

In the development process of the DSM-5, com-
bination of categorical and dimensional
approaches to express the main distinction
between affective psychosis (e.g., bipolar disor-
der and psychotic depression) and non-affective
psychosis (e.g., schizophrenia and schizophreni-
form disorder) was proposed to deconstruct the
Kraepelinian dichotomy (Adam 2013; Moller
et al. 2015). However, symptom-based classifica-
tion of schizophrenia and bipolar disorder
remains, and dimensional approaches were aban-
doned in the DSM-5, although the Clinician-
Rated Dimensions of Psychosis Symptom
Severity in the emerging measures and models of
the DSM-5 contain psychometric properties of
dimensional approaches for hallucinations, delu-
sions, disorganized speech, abnormal psychomo-
tor behavior, negative symptoms, impaired
cognition, depression, and mania domains
(Heckers et al. 2013; Moller et al. 2015). In
accordance with the distinction between schizo-
phrenia and bipolar disorder, differentiating
between MDD and GAD was regarded as a sig-
nificant issue in the DSM-5 revision process
(Hettema 2010). In addition, symptom-based
classification of MDD and GAD is still present,
and the specifier “with anxious distress” was
introduced to express comorbid anxiety symp-
toms, whereas dimensional grading is used for
both MDD (mild, moderate, and severe) and the
specifier “with anxious distress” (mild, moderate,
moderate-severe, and severe).

1.3.2 Heterogeneity of MDD
in the Context of Polythetic
Diagnostic Criteria

In both the DSM-IV and DSM-5, the diagnostic
criteria for MDD are the presence of five or more
of nine specific depressive symptoms (necessity
of the presence of depressive mood or loss of

interest) (Uher et al. 2014). Hence, 227 depres-
sive symptom combinations can meet the diag-
nostic criteria of MDD. In real situations,
Zimmerman et al. (2014) reported 170 symptom
combinations in more than 1500 MDD patients
diagnosed using the DSM-IV, while Park et al.
(2017) reported 119 different combinations in
853 MDD patients diagnosed using the DSM-IV
who scored >8 on the Hamilton Depression
Rating Scale. Moreover, several of the diagnostic
criteria for MDD consist of multiple or alterna-
tive symptoms, including psychomotor agitation
or retardation, impaired concentration or indeci-
siveness, worthlessness or guilt, insomnia or
hypersomnia, decreased or increased appetite,
and death wish or suicidal ideation. Separation of
each component symptom of the six compound
criteria means that 14,528 symptom combina-
tions can meet the diagnostic criteria of
MDD. Thus, Zimmerman et al. (2010) proposed
defining MDD in a simpler way through the elim-
ination of four somatic symptoms in the DSM-IV
definition in order to overcome the epistemologi-
cal restriction associated with the heterogeneity
of MDD. In addition, a high concordance rate
between the simpler definition and the DSM-IV
definition of MDD was reported in 2907 psychi-
atric outpatients (Zimmerman et al. 2011).
However, the simplification proposal was aban-
doned in the DSM-5 revision process (Uher et al.
2014). The heterogeneity of MDD in terms of its
polythetic diagnostic criteria has often been criti-
cized (@Dstergaard et al. 2011; Olbert et al. 2014;
Fried and Nesse 2015; Zimmerman et al. 2015)
and regarded as a concept corresponding to a lan-
guage game in Wittgensteinian philosophy,
because a single or “essential” characteristic of
MDD cannot be identified, and cases of MDD
comprise a set of “family resemblances”
(Rosenman and Nasti 2012). Moreover, one
study reported that the heterogeneity of depres-
sive syndromes likely contributes to the limited
knowledge and understanding of depression
among nursing personnel in general hospitals
(Park et al. 2015).

Moreover, because each of the symptoms in
the DSM depression criteria is etiologically
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heterogeneous, individual symptoms rather
than symptom sum-scores should be consid-
ered to gain a holistic understanding of MDD
(Fried et al. 2014). For example, the symptom
combination of helplessness and hopelessness
has been proposed as the most important dis-
tinguishing feature between depressed patients
and healthy controls (McGlinchey et al. 2000).
In addition, weight gain rather than weight loss
is more closely associated with chronic stress-
ors (Keller et al. 2007a, b). Moreover, the co-
occurrence of disturbed sleep and appetite was
shown to be more closely associated with bipo-
lar than with unipolar depressive episodes
(Papadimitriou et al. 2002). The interest-activ-
ity symptom dimension, including low interest,
reduced activity, indecisiveness, and lack of
enjoyment, was identified as a predictor of
poor outcomes after treatment of 811 adults
with moderate to severe depression with flexi-
bly dosed escitalopram or nortriptyline (Uher
et al. 2012). A network analysis of data from
the Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) study rejected
the assumptions that depression symptoms
equivalently indicate MDD and that DSM
symptoms of depression have greater clinical
relevance than non-DSM depression symptoms
(Fried et al. 2016).

1.4  Future Directions

Although transnosological specifiers as well as
severity and cross-cutting assessments enable us
to individualize treatments and differentially
describe treatment outcomes (Moller et al.
2015), the grand ambition of the paradigm shift
from categorical to dimensional approaches in
the realm of depressive disorders was frustrated
in the DSM-5 revision process, and symptom-
based classification of depressive disorders
remains in the DSM-5 (Whooley and Horowitz
2013). Although the Research Domain Criteria
project has been suggested as an alternative
research-related methodology (Insel et al.
2010), it does not provide routine framework
conditions for clinical psychiatry (Moller et al.

2015). To achieve a better neurobiological
understanding in the area of psychiatry, the
diagnostic classification of depressive disorders
should take into account the following com-
ments of Thomas Insel (2013): “Unlike defini-
tions of ischemic heart disease, lymphoma, or
AIDS, the DSM diagnoses are based on a con-
sensus about clusters of clinical symptoms, not
any objective laboratory measure. In the rest of
medicine, this would be equivalent to creating
diagnostic systems based on the nature of chest
pain or the quality of fever. Indeed, symptom-
based diagnosis, once common in other areas of
medicine, has been largely replaced in the past
half century as we have understood that symp-
toms alone rarely indicated the best choice of
medicine.”

In addition, Kato et al. (2016) proposed that
modern-type depression in Japanese younger
generations is characterized by fatigue, feel-
ings of worthlessness, blaming others, impul-
sive suicidal action, and occasional depressive
symptoms mainly during work/school and is a
distinctive entity associated with Japanese cul-
tural and social influences. Diagnostic criteria
for modern-type depression should consider
depressive syndromes in the context of specific
cultural and social backgrounds. Moreover, a
humanistic approach that considers subjectiv-
ity and interpersonal context needs to be
emphasized in future etiologically based clas-
sification systems (Castiglioni and Laudisa
2015).

Conclusions

Depressive disorders have been reformulated
based on a combination of categorical and
dimensional approaches in the DSM-5.
However, despite the transdiagnostic specifi-
ers, severity assessments, and cross-cutting
measure assessments contained in the DSM-5,
MDD is still defined using a symptom-based
classification, and its heterogeneity is of sig-
nificant concern. Moreover, it is necessary to
develop an etiology-based classification of
depressive disorders and to consider humanis-
tic approaches together with potential cultural
and social influences.
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Major Depressive Disorder
and Bipolar Disorder:
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and Contemporary Treatment

Approaches
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2.1  Introduction

Primary mood disorders, including major depres-
sive disorder (MDD) and bipolar disorder (BD),
are among the most prevalent psychiatric condi-
tions. In a relatively recent international survey
of 18 countries, the average lifetime prevalence
of major depressive episodes (MDE) was 14.6%
in 10 high-income countries and 11.1% in 8 low-
to middle-income nations (Bromet et al. 2011).
The population studied was not stratified accord-
ing to the type of affective disorder, so that it can
be assumed that the patients comprised of both
MDD and BD as long as they fulfilled DSM-IV
criteria for a major depressive episode. The cur-
rent nosological classifications do not differenti-
ate between these disorders as far as the diagnostic
features of MDE are concerned, but prevailing
viewpoint dictates that MDD and BD have funda-
mental neurobiological distinctions with thera-
peutic and prognostic implications. In this vein it
must be appreciated that these disorders are dis-
crete conditions, with differences that encompass
genetic and pathophysiologic aspects impacting
on illness trajectory and longitudinal course
(Duman and Monteggia 2006). Such emerging
insights are reflected in the Diagnostic and
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Statistical Manual’s 5th edition in which a neces-
sary shift has been implemented by segregating
the two conditions into separate chapters, whereas
previously these were described under the com-
mon rubric of “mood disorders.”

Affective disorders are complex gene x envi-
ronment diseases and are heterogeneous in phe-
notypic expression. Current knowledge assumes
that these disorders lie on a spectrum with depres-
sion and mania being opposite poles of a distur-
bance that has myriad presentations confounded
by such factors as personality characteristics,
neuropsychiatric comorbidities, and psychosocial
incumbencies (Becker and Grilo 2015). In the
early phase of the illness, stress factors are identi-
fied as precipitating events, but with advance-
ment of the diathesis, mood episodes recur
spontaneously. Further, asymptomatic periods
become progressively shorter and an unrelenting
disease state ensues with impairments in cogni-
tive and functional domains (Moylan et al. 2013).
These phenomena are epitomized by such nega-
tive attributes as rapid cycling, residual affective
states and subthreshold symptoms. The overall
consequence of this process which has been aptly
termed as “neuroprogression” is a decline in
autonomy, impairment in role functioning, and
loss of personal independence. In this regard the
later stages of mood disorders are typified by
severe psychosocial and biological disturbances,
with incremental damage to all body systems
because of the derangement of the homeostatic
balance caused by increased ‘“allostatic load”
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Fig.2.1 The pernicious nature of mood disorders. Mood
disorders, whether MDD or BD, are conceptualized as
very serious conditions with profound consequences in
the biopsychosocial realm. Repeated affective episodes
increase “wear and tear” in the body with increased allo-

(McEwen 2003). Figure 2.1 gives a schematic
representation of the pernicious nature of mood
disorders with ensuing profound negative conse-
quences for all bodily systems (Fig. 2.1).

The burden imposed by these ailments in the
biopsychosocial realm is immense, as subjects of
both sexes are initially afflicted in youth or early
adulthood and suffer from relapses and recur-
rences throughout their lifetimes. Modern per-
spective states that these are in essence
multisystem disorders, affecting essentially all
parts of the body and leading to increased mor-
bidity and mortality from such conditions as dia-
betes mellitus, cardiovascular diseases, and
immunological disorders (Mansur et al. 2015).
Further, the neurobiology of mood disorders is
incompletely understood, and presently available
treatments are of palliative rather than curative
value. Despite continued research efforts, gaps in
knowledge are significant which translate into
less than optimal therapeutic measures with
adverse consequences for the sufferers, their fam-
ilies, and the society as a whole (Muneer 2016a).
In this scenario it is crucial to inculcate a better
understanding of these ailments so that the
patients are managed more effectively and their
disease burden is reduced. With this preamble,
the manuscript is dedicated to discussing the
most relevant issues in the etiology, pathogene-
sis, and treatment of mood disorders. However,
first clinical features are mentioned followed by a

static load. The resulting homeostatic imbalance has a
pervasive negative effect with such consequences as cog-
nitive impairment, physical comorbidities, persistent
affective symptoms, and role impairment leading to even-
tual loss of autonomy

description of the genetic aspects and pathophys-
iologic implications; lastly, therapeutic measures
are considered.

2.2  Clinical Considerations

The sine qua non of BD is a manic episode, but
in actual practice depression is its most fre-
quent clinical presentation (Muneer 2016b).
Longitudinal naturalistic studies show that bipolar
patients spend the majority of their time in the
depressed state, rather than being manic or hypo-
manic (De Dios et al. 2012). The former can mani-
fest as major depressive episodes or as subthreshold
symptoms. Additionally, depressive manifesta-
tions can intermingle with manic or hypomanic
symptoms and give rise to mixed states, which are
more severe and lead to adverse psychosocial
sequelae (Valenti et al. 2015). Whereas in MDD,
depressive episodes occur in the mid-20s onward,
bipolar depression has a much earlier onset in
early teenage years, is often the index episode, and
usually has melancholic features (Muneer 2016¢).
BD is notorious in masquerading in myriad forms,
and the presenting illness can be in the way of
anxiety spectrum disorders, conduct disorders,
and substance use disorders. Because of these rea-
sons, the condition is misidentified, and the lag
period in diagnosis is of the magnitude of several
years (Nasrallah 2015).
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The major depressive episodes in MDD can be
single or recurrent but tend to be discrete, with
well-characterized periods of remission. In the
case of BD, patients are symptomatic for longer
periods; they may have full blown severe mood
episodes or subsyndromal symptoms in the inter-
episode which has a pervasive negative effect on
the overall prognosis. Rapid cycling is a phenom-
enon in which bipolar patients have four or more
affective episodes in a 12-month period. This is
regarded as an extreme form of the disorder with
harmful consequences in the functional and psy-
chological domains (Carvalho et al. 2014). With
repeated mood episodes, there is deterioration in
all aspects of living and neuroprogression, which
in essence implies the persistence of a deficit
state with eventual loss of autonomy (da Costa
et al. 2016). The suicide rate is very high in BD,
and this may be attributable to many factors,
chief among which are greater number and sever-
ity of episodes, existence of mixed states, and
presence of such comorbidities as anxiety spec-
trum and substance use disorders (Rajewska-
Rager et al. 2015).

In this situation, a primary question for the
treating psychiatrist is the correct identification
of the mood disorder when a patient presents
with a major depressive episode. Although there
are no validated criteria for such a distinction,
certain features should alert the clinician in this
regard. This is important because treatment of
bipolar disorder is primarily with mood stabiliz-
ers, whereas unipolar depression is best managed
with standard antidepressant medications
(Karanti et al. 2016). Administration of antide-
pressants without adjunctive mood stabilizers to
bipolar subjects can result in manic/hypomanic
switch, induction of mixed states, and rapid
cycling (Muneer 2015).

When a patient first presents with an MDE,
the presence of family history of bipolar disorder
is a cautionary sign. Age of onset is also signifi-
cant, with the index episode occurring in adoles-
cence or teenage years in BD, while in the case
of major depression, this is usually in the mid-
20s. Furthermore, bipolar subjects tend to suffer

from recurrent episodes which are of greater
severity, so that there may be a history of psychi-
atric hospitalizations (Shapiro et al. 2014). Of
note, major depression which is treatment resis-
tant to two or more first-line antidepressant
medications should raise the suspicion of a mas-
querading bipolar diathesis. Unipolar patients
who shift to mania or hypomania when treated
with antidepressants, ECT, or chronobiological
measures are considered to lie on the bipolar
spectrum. In this regard seasonal variation may
be marked in BD, with patients experiencing
repeated depressive episodes during fall and win-
ter months (Akhter et al. 2013).

With respect to clinical presentation, patients
with bipolar depression often experience mixed
features such as racing thoughts, irritability,
grandiose ideation, and increased energy.
Moreover, they are prone to having recurrent sui-
cidal ideation, and a history of repeated self-
injurious behavior in unipolar depression should
raise the specter of underlying bipolar illness
(Musliner et al. 2016). Neuropsychiatric and
physical comorbidities are frequently associated
with BD including panic disorder, posttraumatic
stress disorder, alcohol and other substance use
disorders, borderline personality disorder, and
eating disorders (Simhandl et al. 2016).
Neurological conditions found more often in
bipolar patients comprise of migraine, idiopathic
neuropathic pain, vertigo, and restless legs syn-
drome (Fornaro and Stubbs 2015). An important
caveat with respect to the bipolar diathesis is its
association with the metabolic syndrome, obe-
sity, and diabetes mellitus so that cardiovascular
diseases are considered as the foremost cause of
premature mortality in this group of subjects
(Grover et al. 2014). In conclusion, it can be con-
strued that among mood disorders BD is a much
more severe condition than MDD and is chal-
lenging to manage because of the facts men-
tioned above. Table 2.1 gives a summary of
clinical features that should alert clinicians for
the possible presence of bipolar spectrum disor-
ders in patients presenting with major depressive
episodes (Table 2.1).
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Table 2.1 Likely indicators of bipolarity in patients pre-
senting with major depressive episodes

Onset in adolescence or early teenage years

1. Family history of bipolar disorder

2. Comorbid anxiety, substance use or conduct
disorders

. Major depressive episode with melancholic features

. Psychotic depression

. Repeated mood episodes

. Increased severity of episodes, with history of
hospitalization

. Treatment-resistant depression

. Mixed states

. Seasonal affective disorder

. Suicidal behavior/repeated attempts at self-harm

. Switching on antidepressants
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2.3  Etiology of Mood Disorders

2.3.1 Genetic Aspects

Depression is a prevalent mental illness that is
projected to be among the most common causes
of morbidity by 2020. Research efforts have
shown that the share of genetic factors in the cau-
sation of depression is 30-40%, and there is a
growing literature that is linking this vulnerabil-
ity to biological substrates (Lohoff 2010). The
methodology adopted for research purposes is
greatly varied, ranging from candidate gene
approaches to genome-wide association studies.
In this regard, the serotonergic system is a princi-
pal target due to its involvement in the regulation
of mood and anxiety. Of particular significance is
the serotonin transporter protein responsible for
SHT synaptic reuptake, which is also the key tar-
get of monoaminergic antidepressants. The gene
coding for this protein is SLC6A4, and in humans
the s (short) allele of the 5S-HTTLPR polymor-
phism of the serotonin transporter gene is incrim-
inated in anxiety related attributes and neuroticism
(Daniele et al. 2011). This variation conveys
increased attention and sensitivity to environ-
mental stressors, and carriers of the genotype
have a tendency to experience neutral stimuli as
negative and threatening. Accompanied by less
efficient coping strategies in the face of stress,
these individuals are more liable to developing
depressive disorders (Kuzelova et al. 2010). In

human studies, an immense range of method-
ologically diverse approaches including the
exploration of different stressors, self-report
questionnaires, imaging techniques, investigation
of the HPA axis, and postmortem brain examina-
tion have given credence to an association
between the s allele and stress-induced reactivity
(Hildebrandt et al. 2016).

s allele carriers are discovered to exhibit
increased and rapid activation in the amygdala, a
structure implicated in regulating homeostatic
and behavioral responses to outside stressors and
fearful stimuli. Further, alterations in the func-
tional and microstructural connectivity of the
amygdala and the medial prefrontal cortex are
also described in s allele carriers (Savitz and
Drevets 2009). The gene for the serotonin trans-
porter protein, 5S-HTTLPR, is involved in other
possible mood disorder antecedents such as sub-
threshold depression and affective temperaments.
In an important prospective study, Caspi et al.
showed the effect of s allele of the 5-HTTLPR
polymorphism on the development of depressive
symptoms in the presence of stressful events
(Caspi et al. 2003). This finding was afterward
substantiated by a very large meta-analysis,
which included 54 studies on overall 41,000 sub-
jects. In some of the earlier studies, conflicting
findings regarding the link between different
types of stressors, S-HTTLPR genotype, and
depression were related to distinctions concern-
ing the definition, evaluation, inclusion of and
delineation between diverse stressors, and life
events. However, the said meta-analysis clarified
these issues and further demonstrated that child-
hood and adolescent maltreatment, proximal life
events, and serious medical conditions were all
liable to cause depression in those carrying the s
allele or the ss genotype of the SHT transporter
gene (Karg et al. 2011). In a European study
comprising of a large population sample, compa-
rable and statistically significant associations
were observed in subjects carrying the ss geno-
type and a moderately significant association in
sl cases when they were investigated for a rela-
tionship between threatening life events and
mood symptoms as assessed by the Zung Self-
Rating Depression Scale. Whereas extreme
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stressors individually explained 2.4% of the vari-
ance in affective manifestations, this proportion
increased approximately twofold to 4.2% upon
including the intermediary effect of 5-HTTLPR
genotype and climbed to 5.9% when genotype
data of other polymorphisms of the serotonin
transporter gene were incorporated in the model
(Lazary et al. 2008). These statistics clearly show
that genetic variability and environmental influ-
ences act together in regulating mood.

2.3.2 New Understanding
of Depression

In the case of depression, the interaction between
the environment and genetic factors is complex.
Previous models posit that in the existence of
inherited predisposition, adversities experienced
during childhood or adolescence contribute to
enhanced susceptibility to depressive illnesses in
adult life in the face of stressful life events. In this
regard carriers of the s allele are at a greater risk
of affective illnesses when encountering severe
stressors; however, recent research underscores
the importance of other DNA regions in this gene
x environment model. For example, one study
showed no association between seasonal affec-
tive disorder and 5-HTTLPR s allele (Molnar
et al. 2010), while in another paper specific link-
age between rumination, a trait-like cognitive
style, and depression was mapped to CREB1 and
BDNF genes (Juhasz et al. 2011). These instances
allude to the fact that everyday stressors are
diverse including among others childhood mal-
treatment, losses, health problems, hormonal
changes, and seasonal variations and each person
has a discrete liability profile toward adverse and
protective events and occurrences. Therefore, dif-
ferent genes may have distinct contributory or
ameliorative effects in the development of a com-
plex phenotype, namely, depression.

In an emerging synthesis of the depression
model, several other genes besides SHT trans-
porter play a role in the causation of the diathesis.
These include genes involved in serotonergic neu-
rotransmission (HTR1A, HTR2A, TPH1), dopa-
minergic neurotransmission (DRD2, DRD4),

monoamine metabolism (MAOA, COMT), neu-
rotrophins (BDNF), endocannabinoids (CNRI1),
transport, and other proteins (SLC1A1, SLC6A2,
CREB1, KCNJ6, CACNA1, GLUR?7). In many
studies CNR1, the gene of the cannabinoid CB1
receptor has been strongly implicated in depres-
sion besides the SERT gene and has been further
associated with trait anxiety and neuroticism. An
SNP (rs2180619) in the CNR1 gene interacts with
ss 5S-HTTLPR genotype to increase trait anxiety
manifold (Lazary et al. 2009). The substrate of
this interaction is purportedly a sustained high
SHT concentration following activation of the
serotonergic neurons in response to stress, result-
ing from a low expression of the inhibitory CB1
receptors and high synaptic serotonin concentra-
tion because of low SERT levels. Comparable
observation was reported in fMRI studies where
heightened amygdala activation was seen in ss
carriers and this correlated with increased neuroti-
cism scores. These findings suggest that SERT
and CBI receptor genes are the most strongly
implicated among the candidate genes and further
point out that depressed mood manifests on the
basis of diverse DNA regions mediating the
effects of varied environmental influences.
Additionally, the depressive phenotype arises
from an interaction of these genes at the substrate
level (Bagdy et al. 2012).

The genes incriminated in depression can be
classified into seven groups or sets, some of
which confer resiliency while others induce vul-
nerability. Varied gene sets have a role in the
development of personality, mediation of the
effects of environmental influences, and interplay
of diverse aspects of temperament with external
factors. Environmental dynamics comprise of
internal and external factors; several of the early
influences directly affect the formation of person-
ality traits and temperaments. While some of the
genes, for example, tryptophan hydroxylase 2,
are included in one set, others (5-HTTLPR and
CB1) are -constituents of several groups.
Intriguingly, even without one gene set, discrete
genes may have separate roles, and not all genes
are engaged in every function. As an example,
5-HTTLPR has a profound influence in mediat-
ing the effects of particular aggravating life
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events, but has no significant role in seasonal
depression (Mushtaq et al. 2016). Table 2.2 delin-
eates candidate genes grouped in sets and identified
in large-scale population studies, conferring resil-
iency or predisposing to mood disorders in the wake
of environmental stressors (Table 2.2). Figure 2.2 is
an illustrative rendition of a new model of depres-
sion that emphasizes the interaction between gene
sets, personality, and environment in the develop-
ment of mood disturbance (Fig. 2.2).

The s allele of 5-HTTLPR has a significant but
weak association with depression provoking
effects of stress so that it cannot be utilized for
direct screening of the susceptibility to this dis-
ease. Further, in the absence of multiple severe
stressors, s allele carriers may not show more
depressive symptomatology than those carrying
other genotypes. Nonetheless, in the presence of
extreme and manifold life stresses, s allele carri-
ers are more prone to dysthymic mood, poor
coping, and full-blown depressive illness. Addi-
tionally, these subjects show worse therapeutic
response to SSRIs, the most commonly used anti-
depressants. They show slower onset of action,
lower rates of response, poor tolerability, and fre-
quent side effects with this group of medications,
while drugs with different pharmacodynamics
(e.g., norepinephrine-selective agents) are more
effective in s allele carriers. When vulnerability
and resiliency factors are viewed together, it can
be surmised that screening for 5-HTTLPR geno-
type can be part of a working assumption in bet-
ter understanding the evolving etiopathology of

depression. Further, this could be instrumental in
identifying those individuals who are at increased
risk for mood disorders and be of assistance in
choosing appropriate treatment for the patients
(Fabbri et al. 2013).

2.3.3 EpigeneticInfluences

In the case of neuropsychiatric disorders, the
contribution of hereditary factors is estimated to
exceed 30%, but even with state of the art meth-
ods, only a fraction of this variance can be
mapped to specific genes and DNA base sequence
alterations. In this scenario, epigenetic effects
have become the focus of attention as these play
a role in regulating protein synthesis, are only
partially heritable, but subject to modification by
environmental influences. Two chief epigenetic
mechanisms can adapt the function of genes:

1. Acetylation or methylation of histones that
direct the availability of DNA for biological
processes

2. Methylation of the DNA itself, which inhibits
the transcriptional activity of the CpG-rich
regions of the genome

Since these alterations are allele specific,
genetic polymorphisms are linked to different
probability and type of epigenetic changes upon
environmental exposure, and consequently con-
siderable variance occurs in sensitivity to such

Table 2.2 Gene sets responsible for heritable traits that interact with environmental factors in the causation of mood

disorders

Factors linked to mood disorders

Gene products (proteins)

Involved genes

Neuroticism, trait anxiety

SERT, CB1

SLC6A4, CNR1

Stress/negative life events SERT, CB1 SLC6A4, CNR1
Depressogenic/anxiogenic effect of medications SERT, CB1 SLC6A4, CNRI1

Stress coping (resiliency versus vulnerability) 5-HT,,, 5-HT 3 HTR1A, HTR1B
Rumination CREBI, GIRK, BDNF CREBI1, KCNJ6, BDNF
Hopelessness TPH2 TPH2

Impulsiveness 5-HT,,, COMT HTR1A, COMT
Seasonal variations 5-HT,, HTR2A

BDNF brain-derived neurotrophic factor, CB/ endocannabinoid receptor 1, COMT catechol-O-methyltransferase,
CREB cyclic AMP response element-binding protein, GIRK G protein-coupled inwardly rectifying potassium channel,
SERT serotonin transporter protein, 7PH tyrosine hydroxylase, 5-HT serotonin
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Fig. 2.2 New gene x environment model of depression.
Candidate genes comprising gene sets: 5S-HTTLPR, CB1,
TPH2, CREB1, BDNF, COMT, GIRK, HTR1A, HTR2A.
Personality/temperamental factors (predisposing): neu-
roticism, rumination, stress vulnerability, impulsivity,
negative cognitive style. Personality/temperamental fac-
tors (protective): openness, trust, acceptance, stress cop-
ing. External factors: early life events, provoking life
events, seasonal changes, social support. Internal factors:
hormones, biological rhythm generators, comorbid disor-

factors. A pertinent example is the catechol-O-
methyltransferase gene in which the existence of
Val'*® allele in the rs4680 SNP creates a CpG site
for methylation, the repressive effect of which can
compensate for the enhanced dopamine elimina-
tion in the prefrontal cortex in the high-activity
Val allele carriers. However, life stressors dimin-
ish the methylation of this area of the gene,
leading to increased activity of COMT with resul-
tant impaired working memory due to decreased
dopamine availability in this key brain region
(Ursini et al. 2011). In a study investigating the
effect of COMT gene on depressed mood, it was
discovered that variations in the said gene were
associated with depressive symptom scores in
those who had not been depressed previously in
contrast to those who had already suffered from

ders. The new gene x environment model of depression is
based on diverse gene sets that acting through personality,
internal and external factors lead to the development of
depression. Some genes are part of more than one set, for
example 5S-HTTLPR and CB1, while others like HTR2A
belong to only one set. These gene sets act with interme-
diaries like temperamental traits or environmental factors,
for example seasonal variation to cause the depressive
diathesis

depression, probably because epigenetic modifi-
cations altered the gene function in patients (Pap
et al. 2012). This mechanism might clarify why
childhood abuse amplifies the risk for later depres-
sive disorders. In a rodent study, maternal mal-
treatment evoked long-lasting methylation of the
BDNF gene in the prefrontal cortex, and these
animals showed impaired rearing behavior toward
their offspring (Roth et al. 2009). In line with this
observation, the BDNF gene in a human popula-
tion study was associated with increased risk of
depression exceptionally in the presence of child-
hood trauma (Juhasz et al. 2011). In this vein it
must be understood that the salient attribute of
epigenetic imprint is its tissue and cell specificity,
so that different parts of the brain show discrete
methylation and acetylation patterns, severely



22

A. Muneer

hampering the ability to investigate this in vivo
human brain. There is no method yet to study epi-
genetic changes in the living brain, but gathering
in-depth knowledge concerning genetic base
sequence and its interaction with environmental
factors is crucial to understanding the pathophysi-
ology of mood disorders, as well as predicting
medication beneficial and adverse effects.

2.4 Pathogenesis of Mood

Disorders

Mood disorders afflict innumerable people every
year and cause a great deal of morbidity and mor-
tality, but their neurobiology is only partially elu-
cidated. In this situation, a growing body of
evidence points to the involvement of the
immune-inflammatory system in their inception
and progression. During acute affective episodes,
patients have elevated levels of inflammatory
proteins, i.e., cytokines and chemokines in the
peripheral circulation (Rosenblat et al. 2014). It
is now known that repeated and severe stressors,
in the absence of pathogenic disease, can induce
an inflammatory response and this has been aptly
called “sterile inflammation.” Recently, in the
last decade or so, it has become clear that psycho-
logical stress, in the nonexistence of overt tissue
damage, can trigger systemic and CNS sterile
inflammation with homeostatic imbalance that
can have profound effects and damage all organ
systems in the body (Fleshner 2013). This has
been substantiated in laboratory experiments on
animals with such paradigms as social conflict,
threat, isolation, and rejection which cause
increase in C-reactive protein, proinflammatory
cytokines (IL-6, IL-1p, TNF-a), and elevated
expression of NF-kB (Aschbacher et al. 2012).
The behavioral effect of this raised inflammatory
status is manifested as an overt expression of the
depressive phenotype in the research animals.

In human subjects parallel findings have been
described, for example, a study reported that the
death of a spouse increased IL-1f and IL-6 activ-
ity in older adults (Schultz-Florey et al. 2012).
Intriguingly, increases in inflammatory indicators
following exposure to an acute traumatic event

are linked to the development, symptom severity,
and duration of affective disturbances like depres-
sion, anxiety, and posttraumatic stress disorder
(Mills et al. 2013). Severe and persistent stress
can by itself induce a low-grade inflammatory
state which can precipitate mood perturbation
reminiscent of major depressive disorder. The
inflammatory receptor-ligand interaction invoked
in this process has been termed danger-associated
molecular patterns (DAMPs), mediated by
inflammasome-dependent ~ signaling ~ which
appears to play an overarching role in the patho-
genesis of mood disorders (Iwata et al. 2013).

2.4.1 Inflammatory Molecular

Patterns

The main effectors of the inflammatory response
are the innate immune cells, while adaptive
immune cells are important partners. The former
are found throughout the body and CNS and
respond to pathogenic challenges, cellular stress,
and tissue damage. Receptor-ligand recognition
schema is a notable and fundamental differenti-
ating attribute between innate and adaptive
immune cells. The former use germline-encoded
receptors intended to identify conserved molecu-
lar patterns and have been named pattern recog-
nition receptors (PRRs). A huge number of
ligands are capable of binding PRRs and include
both pathogenic and commensal microbes,
termed microbe-associated molecular patterns or
MAMPs, whereas typically pathogenic patterns
are labeled pathogen-associated molecular pat-
terns or PAMPs (Sirisinha 2011). Examples of
MAMPs and PAMPs include lipopolysaccharide
(LPS), a membrane incorporated component of
many gram-negative pathogenic bacteria or CpG
DNA, a common viral motif. Of note, a strong
inflammatory reaction is the result of PRR-
PAMP binding. In contrast to these prototypes,
DAMPs are endogenous molecules which are
increased after cellular stress and tissue damage,
and PRR-DAMP binding leads to sterile inflam-
mation (Ibrahim et al. 2013). Newly recognized
DAMPs are increasingly being reported and
include extracellular heat shock proteins (Hsp),
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adenosine triphosphate (ATP), high mobility
group box 1 (HMGBJ1), etc. (Frank et al. 2015).
There is extensive overlap in a broad array of
inflammatory proteins that are mediated after
either LPS (PAMP) or stressor exposure
(DAMP). These are detectable in the blood and
peripheral tissues and include cytokines, chemo-
kines, and mRNA transcripts. In this vein, it
needs to be recognized that brain tissue and
microglia also respond to PAMPs and DAMPs
by increasing the secretion of inflammatory
mediators (Frank et al. 2016).

2.4.2 Sterile Inflammation
and the Inflammasome

It has been recently reported that acute and
intense psychological stress in the lack of obvi-
ous tissue damage can provoke a demonstrable
local and systemic sterile inflammatory response,
with DAMPs playing an inciting role. In this
respect, tail shock in rodents increases tissue and
blood concentration of many cytokines and che-
mokines, and both MAMP (derived from the
gut bacteria) and DAMP signals are involved in
the inflammatory response. Significantly, in the
said experiments, this was attributed to the
inflammasome, more specifically the NLRP3
inflammasome known as nucleotide-binding
oligomerization domain, leucine-rich repeat, and
pyrin domain protein 3 (Maslanik et al. 2013).
Inflammasomes are intracellular multiprotein
complexes that act as sensors of DAMPs and
PAMPs, causing activation of catalytic caspases
and the cleavage and release of proinflammatory
cytokines.

For cytokines that are inflammasome indepen-
dent, the process begins with NF-kB activation
after MAMPs or DAMPs binding to toll-like
receptor-4 (TLR-4), CD14, and other potential
PRRs. The subsequent signaling cascade com-
prises of inflammatory gene transcription, trans-
lation, protein synthesis, and release. In
contradistinction, inflammasome-dependent cyto-
kine synthesis and release is a two-step process
that is started after ligation of TLRs and other
PRRs leading to NLRP3 gene transcription,

translation, and protein production. Once primed
in this way, a second activation signal is required
for mature caspase-1 to cleave pro-IL1J into
functional IL-1p (Kang et al. 2014). The NLRP3
inflammasome appears to react to a wide array of
signals (ATP, K* efflux, p-amyloid, reactive oxy-
gen species, etc.) to get activated and binds to
these stimuli as it expresses several PRRs includ-
ing TLRs, RAGE, and CD91. As such it has been
incriminated in a wide range of sterile inflamma-
tory diseases including ischemia-reperfusion
injury, autoimmune disorders, DM II, obesity,
atherosclerosis, and Alzheimer’s disease, condi-
tions which have high comorbidity rates with
mood disorders (Li et al. 2014). More specifi-
cally, patients with depression had increased
expression of NLRP3 and caspase-1 in peripheral
blood mononuclear cells, suggesting that sterile
inflammation mediated by DAMPs and the
inflammasome and induced by exposure to psy-
chological stress is implicated in the pathogenesis
of MDD and other psychopathologies (Alcocer-
Gomez et al. 2014).

2.4.3 Neuroinflammation and Mood
Disorders

Peripheral inflammatory processes are liable to
incite neuroinflammatory changes through well-
described humoral and neural pathways of
immune-to-brain signaling. For instance, the
humoral pathway may involve blood-borne cyto-
kines provoking neuroinflammatory processes
through active transport across the blood-brain
barrier, entry into the brain at the circum-
ventricular organs, or binding of cognate recep-
tors on brain endothelial cells with transduction
of cytokine signaling into the CNS. In addition,
cytokines as well as PAMPs (e.g., LPS) are capa-
ble of stimulating afferent vagal fibers in the
periphery, which cause activation of neural path-
ways in brain regions involved in motivation and
mood regulation (Marquette et al. 2003). Once a
peripheral inflammatory signal reaches the brain,
microglia the chief innate immune cells of the
CNS play a pivotal role in mediating the neuroin-
flammatory response.
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Microglia perform several crucial functions in
the brain including immunosurveillance for
pathogens, cellular debris, apoptotic cells, and
neuronal phenotypic alterations. Upon activation
microglia enter a primed position and when stim-
ulated in this state secrete increased amounts of
inflammatory  mediators, including IL-1p
(Nakagawa and Chiba 2015). As these special-
ized macrophages express pattern recognition
receptors including TLR2 and TLR4, TLR liga-
tion by danger-associated molecular patterns
(ATP, Hsp, HMGBI, etc.) strongly triggers
microglia (Weber et al. 2015). Furthermore, sev-
eral inflammasomes have been described in the
microglia including NLRPI, NLRP3, and
NLRC4. The NLRP3 inflammasome has been
most widely studied in the CNS and is also the
focus of the preponderance of studies in animal
models of depression. Recent investigations also
suggest that NLRP3 may be exquisitely sensitive
to the homeostatic perturbations induced by psy-
chobiological stress, with a mechanistic role for
the inflammasome-mediated processing and mat-
uration of IL-1f in the generation of mood disor-
ders (Li et al. 2016). While space limitation does
not allow a detailed outline of animal studies
highlighting the link between stress, DAMPs,
and the inflammasome in the instigation of neu-
roinflammation and its behavioral sequel, the
induction of the depressive phenotype, it is clear
that CNS inflammation is caused by acute or
chronic stress in the absence of infection or
pathogen exposure (Zhang et al. 2015).

2.4.4 Purported Model
of Depression

In the light of above considerations, a proposed
model of depression is presented as following
(Fleshner et al. 2017):

1. Exposure to stressors results in the release of
DAMPs within the brain, presumably from
damaged or dying neurons.

2. These neuron-derived DAMPs then target
their cognate receptors on microglia leading
to NLRP3 inflammasome activation and the

synthesis and release of inflammatory media-
tors, including IL-1f.

3. The secreted form of this cytokine may drive
the induction of indoleamine 2,3-dioxygenase
(IDO).

4. IDO-mediated catabolism of tryptophan feeds
into kynurenine pathway, thereby diverting
the pool of this essential amino acid from SHT
synthesis to potentially neurotoxic metabo-
lites and reducing the availability of the
neurotransmitter.

5. Decreased availability of serotonin provokes a
depressive phenotype with attendant psycho-
logical, neurovegetative, and  somatic
symptoms.

As a summarizing note, it must be appreciated
that understanding the processes involving sterile
inflammation, DAMP/MAMP/PAMP signaling in
the periphery and CNS and inflammasome activa-
tion are critical for efficacious therapeutics of
affective disorders. While notable advances are
made in this respect in neurological disorders such
as stroke, novel agents have not yet been tested in
psychiatric patients. New therapeutic modalities
emerging from enhanced knowledge can pave the
way for curative treatments for otherwise recalci-
trant conditions (Alcocer-Gomez and Cordero
2014). Figure 2.3 gives a schematic representation
of this supposed model of depression and depicts
the key role of NLRP3 inflammasome and IL-1f in
the expression of depressive phenotype (Fig. 2.3).

Treatment of Mood
Disorders: The Current
Perspective

2.5

Mood disorders are lifelong, recurring, and dev-
astating psychiatric conditions that are a leading
cause of suffering and have grave personal and
societal consequences. Major depressive disorder
and bipolar disorder are difficult to manage ail-
ments because of heterogeneity in presentation,
neuropsychiatric and physical comorbidities, and
refractoriness to currently available psychophar-
macological agents (Fountoulakis and Vieta
2008). At different points in the illness, patients
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require complex medication regimens to treat the
varied manifestations, and compliance is very
low due to a whole host of adverse effects caused
by the psychotherapeutic agents. In this event,
there is an immediate unmet need for more effec-
tive and tolerable drugs that are actually curative

NEURONAL
APOPTOSIS

MICROGLIA SURVEILLANT

rather than palliative in nature. With this pream-
ble, in the present section of the manuscript,
focus will be directed to promising therapeutic
options, and a concise overview will be presented
of the recent trends in mood disorder
psychopharmacology.

MICROGLIA PRIMED
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Fig.2.3 Stress-induced sterile inflammation and expres-
sion of the depressive phenotype. In a supposed model of
depression, psychological stressors cause damage to neu-
rons with efflux of a broad range of signals or damage-
associated molecular patterns (DAMPs). These bind to
pattern recognition receptors like toll-like receptors (TLR
2/4) and purinergic receptors (P2X7R) on microglia and
cause the formation of NLRP3 inflammasomes via tran-
scription, translation, and protein synthesis. Primed
microglia release mature IL-1f via activated inflamma-

somes, and further this proinflammatory cytokine induces
the enzyme indoleamine 2,3-dioxygenase (IDO). The
later catabolizes tryptophan, an essential amino acid
required in the synthesis of serotonin. Diversion of trypto-
phan metabolism toward the kynurenine pathway leads to
a deficiency of serotonin, as well as the formation of
potentially neurotoxic metabolites like quinolinic acid. As
a final step, reduction of this key neurotransmitter at the
synapse leads to the provocation of sickness behavior and
depressive symptoms
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2.5.1 The Emerging Role of Atypical

Antipsychotics

These medications comprise of second- and
third-generation antipsychotics, and although the
first prototype, clozapine, was discovered in the
1970s, vast strides have been made, and several
new agents have been introduced into clinical
practice. Amazingly, there has been a steady
increase in their licensed and off-label prescrib-
ing in a wide range of neuropsychiatric condi-
tions (Maher and Theodore 2012). Initially
indicated for schizophrenia, these medications
have become first-line agents for the treatment of
manic, mixed, and depressive episodes of BD
and more recently have established a niche as an
augmentation strategy along with standard anti-
depressants in MDD. In the present paper atypi-
cal antipsychotics will be discussed with
reference to the treatment of MDD to highlight
their importance in the current psychopharmaco-
logical landscape (Pompili et al. 2016).

In spite of the availability of several classes of
antidepressants, most MDD patients do not
achieve an adequate response or remission with
such treatment. This issue is underscored by the
STAR*D trial in which a 12-week treatment
with SSRI monotherapy (citalopram) only
resulted in 30% remission rate in unipolar
depression cases (Rush et al. 2009). Further, a
large meta-analysis including 182 antidepressant
RCTs (n = 36,385) revealed that the response
rates were around 54 and 37%, for drug and pla-
cebo, respectively (Papakostas and Fava 2009).
In this situation, most guidelines recommend
augmentation strategies for MDD partial or non-
responders which mainly comprise of atypical
antipsychotics, mood stabilizers (lithium and
various anticonvulsants), and thyroid hormones
(Patkar and Pae 2013). Among these steps, the
addition of second- and third-generation anti-
psychotics to existing antidepressant regimens
has received approval by licensing authorities
such as the United States Food and Drug
Administration (FDA). In this regard, based on
evidence from randomized, placebo-controlled
trials, the FDA first approved aripiprazole in
2007, followed by quetiapine XR and olanzap-

ine/fluoxetine in 2009 and most recently brex-
piprazole in 2015 (Greig 2015).

2.5.2 Pharmacodynamic
Considerations

In the case of new-generation antipsychotics, the
exact mechanism responsible for therapeutic
effect in MDD has not been clarified, but based
on current understanding of the etiopathogenesis
of mood disorders, their pharmacodynamic
actions can be as following (Rahola 2012):

1. Modulation of key neurotransmitter receptors
and transporters, namely, dopamine, sero-
tonin, and norepinephrine

2. Effects on the circadian machinery and
manipulation of the sleep-wake cycle

3. Exploitation of the steroid hormone homeo-
stasis, particularly the hypothalamic-pituitary-
adrenal axis involved in the management of
stressful stimuli

4. Modification of the immune system with alter-
ations in pro- and anti-inflammatory proteins

5. Balancing out the antioxidant process with net
decrease in pro-oxidant radicals

6. Increase in trophic support to the neurons,
principally through brain-derived neuro-
trophic factor

Specifically, the chief pharmacological mech-
anism of atypical antipsychotics as antidepres-
sant augmentation agents could be explained by
their effects on monoamine neurotransmission.
Third-generation antipsychotics, namely, aripip-
razole, brexpiprazole, and cariprazine, act as par-
tial agonists at D2 and/or D3 receptors and may
increase dopamine neurotransmission in the pre-
frontal cortex. These agents also act as S-HT1A
receptor partial agonists, and this property may
further enhance dopamine neurotransmission in
the prefrontal cortex through an indirect mecha-
nism (Stahl 2016). The characteristic of 5-HT2A
receptor antagonism is shared by all atypical
antipsychotics, and this attribute may also medi-
ate their antidepressant boosting effect in MDD
nonresponders. Furthermore, the antagonism of
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5-HT2C receptors is incriminated in enhanced
dopamine and norepinephrine transmission in
corticolimbic regions of the brain (Stahl 2014).
While both 5-HT6 receptor agonists and antago-
nists exert antidepressant-like effect in rodent
models of depression, this phenomenon is marked
when standard antidepressants are augmented
with 5-HT6 antagonists (Liu et al. 2015). With
respect to 5-HT7 receptors, preclinical models
consistently show their relevance in different
experimental paradigms such that new-generation
antipsychotics exhibiting antagonism at this site
may have potential therapeutic role in MDD
(Bawa and Scarff 2015). Some atypical antipsy-
chotics have high affinity for a,-adrenergic recep-

tors which enhances the release of norepinephrine
from the presynaptic neuron. Unlike any other
new-generation antipsychotic, ziprasidone has
been reported in vitro to block the synaptic reup-
take of monoamines via inhibition of their trans-
porters. Ionotropic and metabotropic glutamate
receptors are being increasingly incriminated in
the pathophysiology of treatment-resistant
depression so that modulation of these sites by
newer antipsychotics could lead to normalization
of glutamate neurotransmission, decrease in
excitotoxicity, and enhanced neuronal viability
(Bjorkholm et al. 2015). Table 2.3 gives an over-
view of atypical antipsychotics in the treatment
of MDE in major mood disorders (Table 2.3).

Table 2.3 Atypical antipsychotics in the treatment of major depressive episodes in MDD and BD

Dose range
Medication FDA indication | Mechanism of action (mg/day) Evidence
Aripiprazole Augmentation | 5-HT1A/2C partial agonism, 5-15 RCT (adjunctive to AD
to AD 5-HT2A/2B antagonism, weak 5-HT7 in MDD). Negative
antagonism, D2/3 partial agonism, RCT in bipolar I
enhancement of neuroplasticity depression
Brexpiprazole | Augmentation |5-HTIA and D2 partial agonism, 1-3 RCT (adjunctive to AD)
to AD 5-HT2A antagonism
Quetiapine XR | Augmentation | a-2 Receptor antagonism, 50-300 RCT (monotherapy as
to AD norepinephrine transporter inhibition well as adjunctive to
in PFC (metabolite norquetiapine), AD)
5-HT7 antagonism
Olanzapine/ Treatment- 5-HT2A/2C antagonism, 5-HT7 5-20 Positive RCT in
fluoxetine resistant antagonism MDD. Positive RCT in
combination depression bipolar I depression
(monotherapy)
Cariprazine None for D2/3 partial agonism, 5-HT1A partial | 1.5-3 Positive RCT in bipolar
MDD agonism, 5-HT2A/5-HT7 antagonism I depression
(monotherapy)
Lurasidone Indicated for 5-HT7 antagonism, 5-HT1A partial 60-120 Positive RCT in bipolar
bipolar I agonism, weak 5-HT2C antagonism, I depression
depression weak a-2 antagonism (monotherapy)
Ziprasidone None for 5-HT2A/2C antagonism, SHT1A 40-160 RCT (adjunctive to AD)
MDD agonism, 5-HT, NE, DA transporter
inhibition
Risperidone None for 5-HT2A antagonism, a-2 receptor 0.5-3 RCT (adjunctive to AD)
MDD antagonism, 5-HT7 antagonism
Paliperidone None for 5-HT2A antagonism, a-2 receptor 3 Anecdotal reports or
MDD antagonism, 5-HT7 antagonism expert opinion
Asenapine None for 5-HT2A/2B/2C antagonism, 5-HT6/7 | 10-20 Anecdotal reports or
MDD antagonism, SHT1A partial agonism, expert opinion
a-2 antagonism
Iloperidone None for SHT-2A antagonism, 5-HT6/7 Not Anecdotal reports or
MDD antagonism available expert opinion

AD antidepressants, BD bipolar disorder, DA dopamine, NE norepinephrine, MDD major depressive disorder, PFC
prefrontal cortex, RCT randomized controlled trial, 5-HT serotonin



28

A. Muneer

2.5.3 Individual Medications

2.5.3.1 Brexpiprazole

This is a serotonin-dopamine activity modulator
and structurally related to aripiprazole. In July
2015 it received FDA approval for schizophre-
nia and augmentation therapy of MDD. It shows
partial agonism at the D2 receptor and possibly
functional selectivity at this site. Compared to
aripiprazole, brexpiprazole has lower intrinsic
activity at the D2R, but exhibits tenfold higher
affinity at the 5-HT1A receptor where it acts as
a partial agonist. Two recently published phase
III trials investigated the potential of brexpipra-
zole as an augmentation agent in treatment-
resistant MDD. The two identically designed
studies included subjects who had inadequate
response to one to three standard antidepres-
sants for their current depressive episode. All
patients entered a prospective 8-week phase of
open-label antidepressant therapy, and those
who failed to sufficiently respond were random-
ized to AD + brexpiprazole or AD + placebo
and followed in a double-blind fashion for a
total of 6 weeks. The primary outcome measure
was change in Montgomery-Asberg Depression
Rating Scale (MADRS) from baseline to week
6. In the first study, brexpiprazole 3 mg/day was
superior to placebo on MADRS total score
(—8.29 versus —6.33; p = 0.0079), but brexpip-
razole 1 mg/day failed to separate from placebo
(=7.64 versus —6.33; p = 0.0737). In the second
study, brexpiprazole 2 mg/day showed superior
efficacy over placebo in changes from baseline
to week 6 on MADRS total scores (—8.36 ver-
sus —5.15; p = 0.0002). Further, the active agent
was also better than placebo on the Sheehan
Disability  Scale (—1.35 versus —0.89;
p = 0.0349). The most common treatment-
related adverse events were weight gain (brex-
piprazole, 8%; placebo, 3.1%) and akathisia
(7.4% versus 1.0%). Taken as a whole, brexpip-
razole addition to standard antidepressants was
safe and well tolerated in the two phase III
RCTs (Thase et al. 2015a, b).

2.5.3.2 Aripiprazole

This third-generation antipsychotic, first intro-
duced in 2002 for schizophrenia, is well studied
as an adjunctive therapy in MDD. With regard to
controlled studies, three matching RCTs showed
that aripiprazole augmentation of traditional anti-
depressants was statistically superior to placebo
in MDD patients who were nonresponders to one
to three adequate antidepressant trials. A post hoc
analysis of the abovementioned three RCTs
divided patients into two categories—in one
group were minimal improvers on antidepressant
monotherapy after 6-8 weeks of administration
and in the second batch were non-improvers as
defined by Clinical Global Impression scale
(CGI-I). After 6 weeks of adjunctive aripiprazole
or placebo, the remission rates were higher for
the active drug in both groups (minimal improv-
ers, 38.8% versus 26.6%, p <0.05; non-improvers,
24.0% versus 10.3%, p * 0.05). The most com-
mon adverse events with add-on aripiprazole
were akathisia, restlessness, and insomnia (Casey
et al. 2014). Another pooled analysis of the same
RCTs stratified patients according to baseline
MADRS scores as follows: mild <24; moderate
25-30; and severe >31. The results showed that
aripiprazole produced greater improvement than
placebo in the MADRS scores regardless of
MDD severity at baseline (Stewart et al. 2014). A
third post hoc analysis investigated the efficacy
of adjunctive aripiprazole in MDD patients
whose symptoms worsened with antidepressant
monotherapy. In the prospective, open-label
phase, 106 subjects out of 1065 antidepressant
monotherapy non-responders actually deterio-
rated as assessed by MADRS. Those cases, who
worsened, showed higher response and remission
rates with aripiprazole compared to placebo dur-
ing the 6-week double-blind part of the studies
(36.6% versus 22.5% and 25.4% versus 12.4%,
respectively). Similarly, aripiprazole was supe-
rior to placebo for the 905 subjects who did not
show deterioration on antidepressant monother-
apy (Nelson et al. 2014). Lastly, a subgroup post
hoc analysis of a more recently conducted RCT
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in an Asian population (the ADMIRE study)
revealed that the efficacy was consistently greater
with aripiprazole than placebo and was not
related to any clinical factors such as gender, age,
onset of MDD, number of previous episodes,
duration of current episode, length of illness,
MDD specifiers, and type of SSRI/SNRI used in
the prospective phase (Ozaki et al. 2015).

2.5.3.3 Quetiapine

This second-generation antipsychotic has been
well studied in MDD, both as monotherapy and
adjunctively to first-line antidepressants. In this
context the first RCT was published in 2007, in
which quetiapine augmentation of SSRI/venla-
faxine was compared to placebo in a small group
of MDD patients (N = 58) with comorbid anxiety
(HAM-A > 14) and residual depressive symp-
toms (CGI-S > 4). The mean change in HAM-D
and HAM-A total scores from baseline to study
endpoint (week 8) was significantly greater with
quetiapine (average dose 182 mg/day) than pla-
cebo: —11.2 versus —5.5, p = 0.008, and —12.5
versus —5.9, p = 0.002, respectively. The onset of
quetiapine efficacy (HAM-D/ HAM-A/CGI-S)
was rapid by week 1 and continued through to
week 8. Response, defined as >50% decrease in
baseline HAM-D scores, was numerically but not
significantly higher for quetiapine than placebo.
Similarly remission rate (HAM-D total scores
<7) was also higher for the active agent (31%
versus 17%), but this difference did not reach sta-
tistical significance. Adverse events for quetiap-
ine were in line with its known side effect profile,
and sedation and somnolence were most fre-
quently reported. In conclusion, quetiapine was
shown to be effective as augmentation of SSRI/
venlafaxine therapy in patients with major
depression, comorbid anxiety, and residual
depressive symptoms, with no unexpected toler-
ability issues (MclIntyre et al. 2007). The efficacy
of quetiapine XR augmentation was shown in
two similarly designed (150, 300 mg/day and
placebo) 6 week RCTs (N = 936). In both trials,
the primary endpoint was mean changes in
MADRS total score from baseline. In these stud-

ies quetiapine XR was statistically superior to
placebo on the primary efficacy measure, and this
change was evident from week 1 (Bauer et al.
2009; El-khalili et al. 2010). In a revealing study,
quetiapine was added to the antidepressant regi-
men of unipolar depressed patients who were
treatment refractory and had failed to respond to
3 weeks of lithium augmentation. They were
assigned to flexible dose adjunctive quetiapine +
CBT or placebo + CBT and followed for
12 weeks. The former group of subjects had sta-
tistically significant improvement on the two effi-
cacy measures of HAM-D and MADRS. Although
the total number of patients was small (N = 22),
this pilot study showed that in refractory MDD
patients, flexible dose quetiapine (12.5-200 mg/
day) was a valid option in conjunction with stan-
dard antidepressants and CBT (Chaput et al.
2008). Finally, quetiapine in combination with an
SNRI (venlafaxine) was studied under controlled
conditions for the treatment of MDD with psy-
chotic features. Subjects (N = 122) were random-
ized to 7 weeks imipramine (plasma levels
200-300 pg/L), venlafaxine (375 mg/day), or
venlafaxine + quetiapine (375 + 600 mg/day).
Primary outcome was response on HAM-D-17,
while secondary outcomes were response on CGI
and remission on HAM-D-17. On the primary
measure, quetiapine + venlafaxine was superior
to venlafaxine monotherapy and equivalent to
imipramine, while secondary outcome measures
also showed similar results. It was revealed that
for the treatment of unipolar psychotic depres-
sion, quetiapine in combination with an SNRI
was superior to the latter alone, but similar con-
clusion could not be drawn with regard to the
TCA, imipramine (Wijkstra et al. 2010).
Quetiapine XR monotherapy has been studied
in several short-term RCTs in MDD, both in
fixed or flexible dose designs. In the majority of
these trials, the active drug showed superiority
over placebo on such validated efficacy measures
as the MADRS. The dose of quetiapine XR was
up to a maximum of 300 mg/day and trial dura-
tions varied from 6 to 8 weeks; the active agent
separated from placebo as early as week 1 and
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this superiority was maintained until the end of
the study period. The most common adverse
events associated with quetiapine XR were dry
mouth, sedation, and somnolence, EPS were dis-
tinctly uncommon, but metabolic changes like
increased serum glucose and lipids were more
often observed (Brotnick et al. 2011). The fol-
lowing conclusions can be drawn from the extant
literature:

1. Quetiapine alone or adjunctively to standard
antidepressants has valid efficacy in the treat-
ment of nonpsychotic MDD.

2. In patients suffering from major depressive
disorder with psychotic features, quetiapine in
conjunction with first line antidepressants is
superior to antidepressant monotherapy.

3. Quetiapine augmentation is a convincing
option in treatment-resistant depression.

4. It has shown therapeutic worth in both adults
as well as the elderly with MDD.

5. It has value in unipolar depressive patients
with comorbid conditions such as anxiety and
fibromyalgia.

6. It is effective despite such demographic vari-
ables as age, gender, and race.

7. The medication has valid efficacy in MDD
regardless of such illness factors as severity,
duration, and number of depressive episodes.

8. The effective dose in MDD is from 100 to
300 mg/day which is less than the maximum
recommended dose of 600 mg/day in
schizophrenia.

9. While an approved therapy in MDD, it should
be used with the caveat that it has the potential
to cause metabolic abnormalities and careful
monitoring is warranted in this regard.

2.5.3.4 Olanzapine/Fluoxetine

Treatment-resistant depression can be conceptu-
alized as an illness that has failed to respond to
at least two different antidepressant monother-
apy trials of adequate duration and dose. An
enlightening meta-analysis of RCTs revealed
that the antidepressant response rate was 53%
compared to 36% for placebo (p “ 0.05), so that
clinicians must employ other strategies to over-

come this underperformance (Papakostas and
Fava 2009). On such approach is augmentation
with atypical antipsychotics, which has become
an important second step as emphasized in cur-
rent guidelines. In this regard, adjunctive olan-
zapine has been studied in at least four RCTs
and specifically olanzapine/fluoxetine combina-
tion (OFC) has been compared to both placebo
and active comparators. A pooled analysis of
these studies showed that OFC had clearly dem-
onstrated significantly greater improvements in
MADRS (primary efficacy measure) total score
than fluoxetine or olanzapine alone and also
resulted in higher remission rates. The short-
term efficacy of OFC for treatment-resistant
depression was supported by these trials (Trivedi
et al. 2009). In a more recently published long-
term trial of up to 27 weeks, relapse rates were
compared for fluoxetine monotherapy and OFC
in stabilized patients on the combination treat-
ment (Brunner et al. 2014). Time to relapse was
significantly longer in the OFC group than in
the fluoxetine monotherapy group (p * 0.001).
Additionally, with regard to safety no signifi-
cant differences emerged between treatment
groups in terms of adverse events (p = 0.621).
However, the rate of patients who experienced
clinically significant (*7%) weight gain was
greater for OFC than fluoxetine (OFC: 11.8%,
fluoxetine: 2.3%; p <0.001). At the endpoint, the
mean differences were significant for weight
gain (OFC: +1.14 kg, fluoxetine: —2.78 kg;
p < 0.001). Finally, it must be mentioned that
OFC is not only FDA approved in treatment-
resistant unipolar depression; it also has this
endorsement for major depressive episodes in
bipolar I disorder.

Conclusion

In this paper an endeavor has been made to
outline the most pertinent aspects of major
mood disorders. The current nosological
classifications do not differentiate between
MDD and BD as far as the diagnostic criteria
for a major depressive episode are concerned.
However, these are discrete disorders with
etiopathologic differences and distinct man-
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agement protocols, dissimilar illness trajec-
tories, and disparate prognostic implications.
It is imperative for the practitioner to be alert
for masquerading bipolarity when treating a
patient with a major depressive episode and
in the absence of validated biomarkers, clini-
cal judgment is essentially empirical. In the
management of an MDE, standard antide-
pressants are the first-line option, but when
there are features suggestive of bipolar spec-
trum disorders, the clinician must use evi-
dence-based strategies to treat mood
disturbances which pose therapeutic chal-
lenge. In this regard second- and third-gener-
ation antipsychotics have emerged as
compelling treatment options and have
received FDA approval for licensed use in
mood disorders. Moreover, there is a grow-
ing literature on the utility of newer antipsy-
chotics as add on treatment or monotherapy
in refractory MDD and bipolar depression.
Since no curative treatments are available for
the most prevalent affective disorders, i.e.,
MDD and BD, physicians must use clinical
judgment in managing their patients on a
day-to-day basis and employ the biopsycho-
social model to achieve the best results.
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3.1 Major Depressive Disorder

Major depressive disorder (MDD) is a mental ill-
ness that causes a tremendous societal, economic,
and emotional burden, results in impairment in
social or occupational functioning, and therefore
impairs daily living, and it is common, recurrent,
and costly due to the frequent disability-adjusted
life years (DALYs) and morbidity (Kessler and
Bromet 2013). The prevalence of MDD is
increasing worldwide, and MDD was pointed to
be a primary cause of global disease burden. The
MDD prevalence, as an isolated disorder, ranges
from 1 to 17% in adults, 3 to 6% in adolescents,
and 12 to 38% in elderly (Gururajan et al. 2016;
Kessler and Bromet 2013; Rantamaki and Yalcin
2016). However the prevalence of MDD comor-
bid with somatic diseases such as diabetes,
asthma, and arthritis ranges from 9 to 23%
(Kupfer et al. 2012). MDD is also frequently
associated with neurodegenerative disorders such
as Alzheimer’s disease, Parkinson’s disease, and
Huntington’s disease (Du and Pang 2015). The
presence of MDD increases the risk for dementia,
cardiovascular, metabolic, respiratory, and other
somatic diseases (Breitenstein et al. 2014; Kessler
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and Bromet 2013) and is associated with the poor
outcome and more severe symptoms (Du and
Pang 2015). Therefore, it is important to diag-
nose MDD early, in the primary care, especially
if patients who suffer from other chronic illnesses
(Kupfer et al. 2012). The prevalence of MDD is
more frequent in women than in men (Kessler
and Bromet 2013).

MDD is a disease with high degrees of hetero-
geneity and has a complicated clinical picture,
consisting of symptoms and signs associated
with mood, cognition, interest, decision-making,
anxiety, anhedonia, volition and motivation, psy-
chomotor changes, energy, appetite, weight,
speech, sleep, suicidal behavior, circadian effects,
melancholia, depersonalization, and derealiza-
tion (Kendler 2016). Characteristic symptoms of
MDD (according to DSM-V criteria) are the
symptoms of depressed mood (sadness, empti-
ness, or hopelessness) or a loss of interest or plea-
sure in daily activities that must last for more
than 2 weeks, associated with impaired social,
occupational, and educational functions. It is
associated with specific symptoms, at least five
of these nine symptoms, that have to be present
nearly every day: depressed mood or irritable
mood present most of the day; reduced interest or
pleasure in most activities, most of each day;
major alterations in weight or in appetite (weight
loss or weight gain); altered sleep, insomnia or
hypersomnia; alterations in activity, psychomo-
tor agitation or retardation; fatigue or loss of
energy; feelings of guilt/worthlessness; problems
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with concentration, reduced ability to think or
concentrate, or indecisiveness; and suicidal
behavior, recurrent thoughts of death or suicide,
recurrent suicidal ideation without a specific
plan, or a suicide attempt or a specific plan for
committing suicide. The diagnosis of MDD is
based on patient interviews that offer insight into
the clinical symptoms which are common with
other psychiatric disorders and therefore the
diagnosis, based on physician-administered or
patient self-administered interview, is still sub-
jective since it depends on the individual clinical
judgment (Bilello 2016; Young et al. 2016).
Additionally, between clinicians with experience
in psychiatry, there is a poor inter-rater reliability
in diagnosing MDD (Bilello 2016), and because
of this inaccuracy, there is an unmet need to
develop validated and objective blood-based and
cerebrospinal fluid (CSF) biomarkers for MDD
(Young et al. 2016).

3.2 TheEtiology of MDD

The etiology of MDD is complex and still not
clearly defined, but it includes alterations in het-
erogeneous biological mechanisms, vulnerability
associated with particular biological background
(genetic, epigenetic, neuroendocrine, and neuro-
immune), stress exposure, and interaction with
other psychosocial and environmental factors
(Rantamaki and Yalcin 2016; Schneider and
Prvulovic 2013). In MDD, neuronal circuits are
affected and neuronal connectivity is altered,
leading to the functional neuroanatomy modifica-
tions (Rantamaki and Yalcin 2016). The key neu-
robiological pathways altered in MDD are
monoaminergic systems (Di Giovanni et al.
2016), neuroendocrinological systems
(hypothalamic-pituitary-adrenal (HPA) axis and
thyroid dysfunction), neurotrophins (such as
brain-derived neurotrophic factor or BDNF), oxi-
dative stress pathways, and inflammatory pro-
cesses (Belvederi Murri et al. 2014; Rantamaki
and Yalcin 2016). Besides the genetic back-
ground that includes risk or protective gene vari-
ants, reduced monoaminergic, i.e., serotonergic,
dopaminergic, and noradrenergic neurotransmis-

sion, decreased concentration of the neurotrophin
BDNEF, elevated proinflammatory cytokine lev-
els, increased immune response, and a dysregu-
lated activity of the HPA axis, as well as cortical
and subcortical functional and structural brain
changes in the limbic and prefrontal cortex, are
associated with the etiology of MDD (Belvederi
Murri et al. 2014; Young et al. 2016).

3.3 Biomarkers

The key biological substrates that are altered in
MDD (hormones, neurotransmitters, neurotroph-
ins, cytokines, metabolic, genetic, and neuroim-
aging markers) are also the possible biomarkers,
i.e., indicators of health or normal biological pro-
cesses and disease or pathogenic processes
(Young et al. 2016). Due to the MDD heterogene-
ity, complicated clinical picture and heteroge-
neous clinical symptoms (anhedonia, depressed
mood, loss of interest, pleasure and energy, prob-
lems with cognition, weight, appetite and
sleeping, fatigue, anxiety, feelings of worthless-
ness or guilt, psychomotor problems, and suicid-
ality) that frequently overlap with symptoms in
other psychiatric disorders, no single biomarker
is sensitive and specific for MDD diagnosis. To
overcome these problems, it has also been pro-
posed (Bilello 2016) to determine a MDD diag-
nosis based on the endophenotype/s, defined as
reliable and specific measurable characteristics
that segregate with illness in the general popula-
tion, cosegregate in non-affected family mem-
bers, and are heritable, state independent, and
present at a higher rate within affected families
than in the general population. Endophenotypes
might include biological, behavioral and cogni-
tive characteristic, and they are more restrictively
defined than biomarkers (Bilello 2016). Both bio-
markers and endophenotypes are crucial diagnos-
tic instruments that might enable personalized
medicine, a tailoring therapeutic approach to
individual patient (Prendes-Alvarez and Nemeroff
2016). Therefore, a well-defined biomarker set or
panel, that would include particular biological
markers or a multi-analyte biomarker panel, is
proposed for establishing MDD diagnosis
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(Leuchter et al. 2014; Young et al. 2016). A panel
of selected biomarkers, particular endophenotypes
or the research domain criteria (RDoC), all seek
to determine more accurate diagnosis of MDD
(Young et al. 2016). Biomarkers of MDD diagno-
sis are based on genetic, epigenetic, molecular,
and neuroimaging studies. In addition, intermedi-
ate endophenotypes (i.e., “quantifiable physio-
logical traits or processes that are interposed
between gene and clinical phenotype”) were also
suggested for characterization of more homoge-
nous subgroups of patients with MDD, as bio-
markers to help in diagnosis or therapeutic
response in MDD (Leuchter et al. 2014).

3.4 Neurotransmitter Markers

3.4.1 Serotonin (5-HT)

Although according to the “serotonergic theory”
MDD is in general characterized with reduced
serotonergic activity (Gururajan et al. 2016), due
to many contradictory results, the exact nature of
serotonergic dysfunction in depression still
remains uncertain (Andrews et al. 2015).
Regarding serotonin (5-HT) levels in various
brain regions, postmortem analyses yielded
inconclusive data. However, decreased 5-HT
concentrations in the brainstem of depressed sui-
cide victims were consistently found (Mann et al.
1989). Lower number of 5-HT uptake sites has
been found in samples from postmortem brains
(Leake et al. 1991) and platelets (Suranyi-Cadotte
et al. 1985) of MDD subjects, but these results
were not confirmed (Gross-Isseroff et al. 1989).
In the CSF of depressed patients, decreased
(Lidberg et al. 2000), increased (Reddy et al.
1992), or unchanged (Roy et al. 1985) levels of
5-hydroxyindolacetic acid (5-HIAA), a metabo-
lite of 5-HT, have been reported. In MDD, lower
(Quintana 1992) or similar (Muck-Seler et al.
2002) platelet 5-HT concentrations were
detected. Studies investigating 5-HT1A receptor
changes in depression have reported opposing
findings (Kaufman et al. 2016). Reduced number
and mRNA of 5-HTI1A receptors have been
reported in the hippocampus and prefrontal cor-

tex of depressed patients and animal depression
models (Cheetham et al. 1990). However, no
changes in 5-HT1A receptor expression associ-
ated with depression have been found in dorsal
raphe nucleus (Cheetham et al. 1990) or in blood
(Fajardo et al. 2003). Higher levels of 5-HT1A
and 5-HT?2 receptors have been also reported in
the brain (Hrdina et al. 1993; Matsubara et al.
1991) and platelets (Zhang et al. 2014) of
depressed subjects. Although at the periphery,
increases (Tsao et al. 2006), decreases (Lima
et al. 2005), and no changes (Belzeaux et al.
2010) in serotonin transporter (5-HTT) mRNA
levels have been reported in patients with MDD,
recent meta-analysis of in vivo and postmortem
findings suggested reduced 5-HTT availability in
key regions of the limbic system of patients with
MDD (Kambeitz and Howes 2015). Protein and
mRNA levels of several enzymes involved in the
synthesis of monoamine neurotransmitters, such
as tryptophan hydroxylase (TPH) and mono-
amine oxidase (MAOQO), were also altered in
depression (Bach-Mizrachi et al. 2006; Meyer
etal. 2009). In addition, variations in gene coding
for 5-HTT, various 5-HT receptors, TPH, MAO,
etc., have been investigated as potential candi-
dates for increased risk of depression (Flint and
Kendler 2014; Lohoff 2010). Recent epigenetic
studies also support the role of serotonergic sys-
tem in the pathophysiology of depression, dem-
onstrating for instance changes in methylation
status of 5-HTT gene promoter (Menke and
Binder 2014).

3.4.2 Dopamine

The results obtained in both preclinical and clini-
cal studies indicated the important role of dopa-
minergic system in the pathophysiology of
depression (Dunlop and Nemeroff 2007; Nestler
and Carlezon 2006). Using genetically selected
Flinders sensitive line (FSL) of rats, as an animal
model of depression, Yadid et al. (2000) reported
increased dopamine levels in nucleus accumbens,
striatum, hippocampus, and hypothalamus, sug-
gesting higher synthesis or lower release of dopa-
mine from these limbic regions. On the other
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hand, depletion of dopamine levels in humans
has been found in depressed patients (Ruhé et al.
2007). Various symptoms of depression have
been associated with decreased levels of dopa-
mine in the frontal cortex (Krishnan and Nestler
2008) and striatum (Nestler and Carlezon 2006)
of patients with MDD. Human studies also
reported the downregulation of dopamine trans-
porter (DAT), as a result of dopamine declining
process. Namely, reduced DAT binding potential
in striatum (Meyer et al. 2001) and decreased
DAT levels in basal ganglia (Savitz et al. 2009)
have been found in subjects diagnosed with
MDD. In addition, reduced density of striatal
dopaminergic D2 receptors has been suggested to
underlie depressive symptoms (Klimke et al.
1999; Meyer et al. 2006). Studies using chronic
mild stress in rats, as another animal model of
depression, demonstrated a decrease in dopami-
nergic D2 and D3 receptor number in the nucleus
accumbens (Papp et al. 1994). Regarding dopa-
minergic D4 receptors, the association of some
specific gene polymorphisms with depression has
been investigated (Frisch et al. 1999; Lopez Ledn
et al. 2005). Although some postmortem analyses
found increased dopaminergic D4 receptor
mRNA expression in the amygdala of depressed
patients (Xiang et al. 2008), other studies reported
decreased (Rocc et al. 2002) or unchanged blood
D4 mRNA levels in subjects with depression
(Tacob et al. 2014).

3.4.3 Norepinephrine

Although plenty of evidence support the involve-
ment of norepinephrine in depression (Moret and
Briley 2011), data from preclinical models of
depression are limited. However, in FSL rats,
two- to threefold higher levels of norepinephrine
were found in the nucleus accumbens, prefrontal
cortex, hippocampus, and median raphe nucleus
(Yadid et al. 2000; Zangen et al. 1999). On the
other hand, a reduction of norepinephrine levels
has been observed in depressed patients (Ruhé
et al. 2007), and depression was shown to be
related to increased urinary norepinephrine
excretion (Hughes et al. 2004). Postmortem stud-

ies reported lower levels of norepinephrine
transporter (NET) and higher levels of
a2-adrenoceptors in the locus coeruleus (Klimek
et al. 1997; Ordway et al. 2003). Moreover,
altered functional status of a2A-adrenoceptors in
the frontal cortex was observed (Valdizan et al.
2010), suggesting an association of depressive
disorders with increased a2-adrenoceptors sensi-
tivity and responsiveness (Cottingham and Wang
2012).

3.4.4 Glutamate

More recent studies suggested that dysfunction
of the glutamatergic system may be also
implicated in MDD (Hashimoto 2009). Increased
activation of glutamatergic neurotransmission
and elevated glutamate levels have been observed
in depressed patients (Sanacora et al. 2004;
Zarate et al. 2003). The involvement of glutama-
tergic system in depression is also supported by
reports of antidepressant effects of glutamate
NMDA-receptor antagonists such as ketamine
(Dutta et al. 2015). In study using FSL rats as an
animal model of depression, it has been sug-
gested that chronic stress is necessary in order to
demonstrate altered glutamate-NO signaling
(Wegener et al. 2010). Increased glucocorticoid
levels, which are released under conditions of
chronic stress associated with depression,
enhance glutamatergic transmission, expression
of NMDA receptors, as well as synthesis and
extracellular glutamate levels (Lu et al. 2003).
Upregulated glutamate action via NMDA recep-
tors leads to an influx of Ca?* into the neuronal
cells, resulting in the brain excitotoxicity (Miiller
and Schwarz 2007), accumulation of reactive
oxygen species (ROS) (Coyle and Puttfarcken
1993), and these processes, together with
increased nitric oxide (NO) concentrations, are
involved in the pathophysiology of depression
(Dhir and Kulkarni 2011; Suzuki et al. 2001).
Higher expression of glutamatergic genes GRIN I,
GRIN2A-D, GRIA2-4, GRIKI-2, GRM1, GRM4,
GRM5, and GRM7 was detected post-mortem in
the dorsolateral prefrontal cortex of female
patients with MDD (Gray et al. 2015). On the
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other hand, in the perirhinal cortex of depressed
patients, decreased mRNA expression of GRIAI,
GRIA3, GRINI, GRIN2A, GRIN2B, and GRIKI
genes was determined (Beneyto et al. 2007).
Lower protein expression of the glutamate recep-
tor subunits NR2A, NR2B, and mGlu2/3 in the
prefrontal cortex of depressed patients was found
(Feyissa et al. 2009, 2010).

3.4.5 vy-Aminobutyric Acid (GABA)

Various studies implicated GABA in the patho-
physiology of depression (Krystal et al. 2002;
Luscher et al. 2011). Although some authors
reported no change (Post et al. 1980; Roy et al.
1991), other reports demonstrated decreased
levels of GABA in the CSF of depressed
patients (Gold et al. 1980; Kasa et al. 1982).
Since downregulation of GABA was also
observed in the plasma of subjects with MDD,
plasma GABA levels have been proposed as
trait biomarker of depression (Petty et al. 1995).
However, the findings regarding the expression
of glutamic acid decarboxylase (GAD), the
enzyme involved in the GABA synthesis, in
patients with depression are contradictory
(Pehrson and Sanchez 2015).

3.5 Neurotrophic Biomarkers

3.5.1 Brain-Derived Neurotrophic
Factor

Neurotrophins are a family of growth factors that
regulate neuronal plasticity and function during
development and adulthood. There are four neu-
rotrophin family members, nerve growth factor
(NGF), brain-derived neurotrophic factor
(BDNF), neurotrophin (NT)-3, and NT-4/5,
known to exist in mammals. Neurotrophins are
synthesized as precursor proteins (proneu-
rotrophins) which undergo proteolytic cleavage
to produce mature proteins (Matsumoto et al.
2008; Mowla et al. 2001; Yang et al. 2009).
Mature neurotrophins bind with high affinity to a
specific tyrosine kinase receptor (Trk), while

both the mature and unprocessed precursor neu-
rotrophins can interact with pan neurotrophin
receptor (p75SNTR) (Chao 2003).

Previous studies suggest that acute and chronic
stress or depression can lead to hippocampal
atrophy (Duman 2004) and decreased neurogen-
esis in the adult brain (Dranovsky and Hen 2006),
which could predict person’s susceptibility to
certain psychiatric disorders. The neurotrophin
hypothesis of depression proposes that reduced
BDNF mRNA expression and decreased BDNF
protein levels in different brain areas, including
hippocampus, and at the periphery, could play an
important role in the pathophysiology of depres-
sion (Neto et al. 2011; Zhou et al. 2013). This
hypothesis is supported by studies showing an
association between antidepressant treatment and
increased peripheral BDNF levels in depressed
patients (Cattaneo et al. 2010; Halaris et al. 2015;
Sagud et al. 2016). Preclinical studies also sup-
port the relationship between neurotrophins,
especially BDNF, and stress in rodents (Smith
et al. 1995; Ueyama et al. 1997).

Postmortem analysis have detected reduced
BDNF and TrkB expression in different brain
areas, such as hippocampus, amygdala and pre-
frontal cortex, of depressed patients and suicide
victims (Dwivedi et al. 2003; Guilloux et al.
2012; Karege et al. 2005). Furthermore, treat-
ment of patients with antidepressants increased
hippocampal BDNF protein levels (Chen et al.
2001). However, given the limitations of post-
mortem studies, there has been a growing interest
in exploring the peripheral BDNF as a potential
biomarker in psychiatry (Fernandes et al. 2009;
Frey et al. 2013). Peripheral BDNF could be a
useful biomarker since the assessment of BDNF
plasma and serum levels is relatively simple and
noninvasive and due to a strong evidence sug-
gesting the correlation between peripheral and
central BDNF levels (Karege et al. 2002; Klein
et al. 2011) indicating that BDNF has the ability
to cross the blood-brain barrier (Pan et al. 1998).
Studies report decreased BDNF levels in plasma
and serum samples from depressed patients (Lee
et al. 2007; Yoshida et al. 2012) which can be
normalized with antidepressant treatment (Lee
and Kim 2008). There are also reports of reduced
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BDNF mRNA expression in peripheral blood
mononuclear cells (Lee and Kim 2010) and
decreased platelet BDNF level (Lee and Kim
2009) in depressed patients. These results sug-
gest that there may be a link between changes in
peripheral BDNF levels and predisposition for
the development of depression in healthy indi-
viduals (Lang et al. 2004).

The most studied variation in BDNF gene is a
single nucleotide polymorphism (SNP) rs6265
(Val66Met), which results in the substitution of
the amino acid valine (Val) by methionine (Met)
at codon 66. This variation affects the trafficking
of BDNF mRNA to dendrites and BDNF protein
secretion by the regulated secretory pathway
(Egan et al. 2003). Subjects that carry the BDNF
Met66 variant have smaller hippocampal vol-
umes (Hajek et al. 2012) and abnormal hippo-
campal function (Egan et al. 2003; Hariri et al.
2003), and these findings might suggest a possi-
ble pro-depressive role of BDNF Met66 allele.
Several studies confirmed reduced hippocampal,
parahippocampal, and amygdala volumes in
patients diagnosed with MDD (Frodl et al. 2007;
Montag et al. 2009), but there are studies that
have found opposite results (Jessen et al. 2009).
It was suggested that BDNF Met66 allele could
also contribute to suicidal behavior in depressed
patients (Sarchiapone et al. 2008) and that BDNF
Met66 carriers exhibit a higher vulnerability to
stress than BDNF Val/Val homozygotes (Brown
et al. 2014; Hosang et al. 2014).

Recently, several studies have focused on the
relationship between epigenetic alterations and
vulnerability to MDD. Higher serum levels of the
BDNF-related microRNA miR-132 were corre-
lated with more severe symptoms in depressed
patients (Li et al. 2013). Preclinical studies in
rodents found that increased levels of BDNF-
targeting microRNAs, miR-16 and miR-124, in
the rat hippocampus are associated with
depressive-like behavior (Bahi et al. 2014; Bai
et al. 2012). The upregulation of BDNF, by
reducing the expression of specific microRNAs,
like miR-30a-5p or miR-206, is the potential
mode of antidepressant action (Angelucci et al.
2011; Yang et al. 2014). Changes in DNA meth-
ylation could also provide helpful diagnostic

information. Hypermethylation at CpG sites,
located within BDNF gene promoter 4, was
reported to be associated with suicidal ideation in
depressive patients (Kang et al. 2013) and suicide
victims (Keller et al. 2010), while DNA methyla-
tion profiles of BDNF promoter 1 were found to
be a valuable peripheral biomarker in the diagno-
sis of depression (Fuchikami et al. 2011). BDNF
promoter 4 hypermethylation could also be a
potential biomarker for vulnerability to depres-
sion after stressful life events such as stroke (Kim
et al. 2013). Further studies should try to evaluate
individual DNA methylation profiles, before and
after development of depression, to confirm the
relationship between such epigenetic modifica-
tions and a predisposition to develop depression.

3.5.2 Other Neurotrophins

There are indications that other neurotrophins,
like NGF and NT-3, could also be associated with
the pathophysiology of MDD. Several studies
demonstrated lower serum BDNEF, NGF, and
NT-3 concentrations in depressed patients com-
pared to healthy controls (de Azevedo Cardoso
et al. 2014; Ogtodek et al. 2016). Furthermore,
study by Diniz et al. (2012) suggested reduced
circulating glia cell line-derived neurotrophic
factor (GDNF) levels in elderly patients with
depression, which were associated with the
severity of the disease. Future research, which
should include larger samples sizes and reduce
variance among different biological parameters,
are necessary to finally clarify the role of neuro-
trophins in depression and their potential as bio-
markers for the diagnosis of this neurological
disorder.

3.6 Hypothalamic-Pituitary-
Adrenal Axis-Related

Markers

Since MDD is a result of the interactions between
genes, gender, personality, family history, and
environmental factors, including primarily expo-
sure to stress, early adversity or abuse/neglect,
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and adverse family relations (Heim and Binder
2012), stress-related biomarkers might be used to
determine vulnerability to develop MDD. The
major neuroendocrinological system that regu-
lates stress response or perceived threat is the
HPA axis. Stress response initiates the HPA axis
activation and release of corticotrophin releasing
hormone (CRH) from the paraventricular nucleus
of the hypothalamus, a neurohormone acting via
CRH receptors in the pituitary and other brain
regions. CRH stimulates the release of adreno-
corticotropic hormone (ACTH) from the pitu-
itary, and ACTH stimulates the secretion of
glucocorticoid hormones (cortisol in humans)
from the adrenal gland. Cortisol binds primarily
to glucocorticoid but also mineralocorticoid
receptors in various brain regions. When the cop-
ing mechanisms prevail and adaptation is
achieved as a response to stress, the HPA axis
goes back to its normal state, since this is a steady
system controlled by the cortisol which exerts
negative feedback via its receptors to achieve
homeostasis (Stetler and Miller 2011). Activation
of the HPA axis and subsequent release of CRH,
ACTH, and cortisol exerts a myriad of effects on
behavioral, cognitive, emotional, autonomic,
psychological, and immunologic processes.

HPA axis dysregulation is a frequent finding
in MDD, and most data and previous meta-
analysis agree that hyper-activation of the HPA
axis occurs in MDD (Stetler and Miller 2011).
These alterations include higher cortisol values
in approximately 73% of MDD patients com-
pared to control subjects and higher ACTH levels
in 60% of MDD patients compared to controls,
while CRH levels were slightly reduced in MDD
patients compared to controls. In addition, altered
negative feedback loop in MDD, that can be doc-
umented with a non-suppression of cortisol to
administration of dexamethasone in the dexa-
methasone suppression test (DST), was reported
(Stetler and Miller 2011). Our previous studies
found elevated plasma cortisol levels in
medication-free patients with MDD compared to
healthy control subjects (Muck-Seler et al. 2002;
Pivac et al. 1997) and DST non-suppression in
MDD patients (Pivac et al. 1997). A more recent
meta-analysis (Belvederi Murri et al. 2014),

focusing on a late life depression, confirmed
these findings. In older subjects, the HPA axis
alterations were more pronounced, and older
MDD patients had significantly higher cortisol
values, especially during evening and night, and
showed stronger non-suppression following DST
(i.e., had higher cortisol response after DST),
suggesting attenuated negative feedback of the
HPA axis in late life depression (Belvederi Murri
et al. 2014). Several methodological issues might
affect findings of the HPA axis function in MDD,
which are divergent across studies (see Belvederi
Murri et al. 2014; Stetler and Miller 2011). The
discrepant results across studies might be due to
the sampling of blood vs. saliva; sampling in the
different time of the day, due to the circadian
rhythm of the HPA axis hormones; measuring of
the basal hormone levels vs. levels after a chal-
lenge test; depressive subtypes, antidepressant
treatment, and remission; age and gender of par-
ticipants; symptom severity, hospitalization sta-
tus, physical disease, and cognitive status
(Belvederi Murri et al. 2014; Stetler and Miller
2011). Collectively, all these results suggest that
HPA hyperactivity might be a disease mechanism
in MDD, associated with disturbed immune, met-
abolic, and neurocognitive functioning, espe-
cially in older subjects (Belvederi Murri et al.
2014; Stetler and Miller 2011).

In the prediction of the development of MDD,
Gene x Environment (GXE) interactions were
detected for the genetic variants of the corticotro-
phin receptor 1 (CRHRI), hsp90 co-chaperone
FKBPS, and the glucocorticoid receptor (Heim and
Binder 2012). Both protective and risk haplotype
combinations of the CRHR were found to interact
with early adverse experience, child abuse, or
physical neglect to increase the risk of MDD
(Bradley et al. 2008; Grabe et al. 2010; Tyrka et al.
2009). These findings might suggest that early
traumatic experience significantly elevates CRHR1
signaling in adulthood, leading to hyperactivity of
the HPA axis and vulnerability to develop MDD
(Heim and Binder 2012). The FKBPS5, a protein,
co-chaperone that modulates binding of cortisol to
the glucocorticoid receptor, presumably disturbs
the negative feedback of the HPA axis, resulting in
the hyperactivity of the HPA axis by the effects
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achieved via glucocorticoid receptor (Binder
2009). The genetic variants of the CRHRI,
FKBPS5, and glucocorticoid receptor all interact
with early life stress and negative experiences and
increase the risk for depression in adulthood
(Binder 2009; Bradley et al. 2008; Heim and
Binder 2012; Tyrka et al. 2009; Zimmermann
et al. 2009).

3.7 Inflammatory Markers

MDD is associated with immune dysregulation
and altered production of the proinflammatory
cytokines which mediate a typical inflammatory
response, such as C-reactive protein (CRP), inter-
leukin (IL)-1B, IL-2, IL-6, interferon (IFN)-y,
tumor necrosis factor (TNF)-a, the soluble IL-6
receptor (IL-6R), and the IL-1 receptor antago-
nist (Dowlati et al. 2010; Swardfager et al. 2016).
These proinflammatory cytokines induce differ-
ent depressive symptoms (Maes 2008; Raison
et al. 2006) since they affect neuroplasticity, neu-
rotransmission, oxidative stress processes, and
neuroendocrine functions, all processes that are
disturbed in MDD (see Eyre et al. 2016). In a
meta-analysis, increased production of particular
proinflammatory cytokines, such as TNF-a and
IL-6, has been found in MDD, while other cyto-
kines (IL-1f, IL-2, IL-4, IL-8, IL-10, IFN-y)
were not significantly different between patients
with MDD and control subjects (Dowlati et al.
2010). In the other meta-analysis, there was a sig-
nificant positive association of CRP, IL-6, IL-1,
and IL-1 receptor antagonist (that binds to IL-1
receptors and prevents the effects of IL-1) with
depression in the large groups of patients with
MDD and control subjects (Howren et al. 2009).
Recently, these data were confirmed in another
meta-analysis (Haapakoski et al. 2015), showing
elevated levels of IL-6 and CRP levels in patients
with MDD compared to controls. In addition, a
meta-analysis detected significantly higher levels
of the chemokine monocyte chemotactic protein
(MCP)-1/CCL2 in patients with MDD compared
to control subjects, while chemokine IL-8/
CXCLS did not differ between cases and controls
(Eyre et al. 2016). All these findings suggest the

link between MDD and activation of the inflam-
matory response system (Eyre et al. 2016). The
relationship between inflammation and MDD is
complex and presumably bidirectional, since
inflammation affects the HPA axis and induces its
activation, with increased release of CRH,
ACTH, and cortisol, while MDD is characterized
with reduced parasympathetic tone in the auto-
nomic nervous system, associated with elevated
inflammatory processes (Howren et al. 2009).
This association might also be tri-directional,
since various cardiometabolic risk factors such as
high body mass index, hypertension, diabetes,
obesity, adiposity, smoking, and cardiovascular
disease (i.e., atherosclerosis) are associated with
chronic systemic inflammation and MDD
(Howren et al. 2009; Swardfager et al. 2016).

3.8 Electroencephalography

Markers

Electroencephalography (EEG) is a routine diag-
nostic method for neuronal activity measurement
and has a great potential as a diagnostic marker
of neuropsychiatric disorders. MDD is character-
ized with different abnormalities in neuroelectro-
physiology and cognition (Kandel et al. 2000).
These abnormalities are manifested through EEG
in changes of band frequencies, different activa-
tion of two brain hemispheres (asymmetry) or
aberrant cognitive brain behaviors (Deldin and
Chiu 2005). EEG captures electric activity
directly and in real time, having a temporal reso-
lution in a time scale of milliseconds which
makes this technique o) valuable.
Electrophysiological activity inside the brain is
measured by different frequency ranges: delta
(<4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta
(14-40 Hz), and gamma (>40 Hz) (Noachtar
et al. 1999).

The most commonly discussed EEG abnor-
mality in MDD is elevated absolute (Jaworska
et al. 2012a) or relative (Prichep and John 1992)
alpha activity. There are also reports about
increased relative and absolute beta activity in
depressed male patients compared to male
healthy controls (Knott et al. 2001), as well as
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increased alpha, beta, and theta power during the
resting EEG in patients with early stage of
depression (Grin-Yatsenko et al. 2010).

Frontal alpha asymmetry is another trait
observed in MDD, first described as hyper-
activation (lower alpha) of the right frontal cortex
and hypo-activation (higher alpha) of left pre-
frontal cortex (Schaffer et al. 1983). Some other
studies confirmed these results (Chang et al.
2012; Henriques and Davidson 1991), but there
are also studies reporting a lack of alpha asym-
metry in MDD patients (Carvalho et al. 2011;
Gold et al. 2013; Price et al. 2008). In addition,
there are reports indicating low heritability (Smit
et al. 2007) and moderate stability (Debener et al.
2000) of alpha asymmetry measures. Besides,
results can be influenced by anatomical differ-
ences between patients (Myslobodsky et al.
1989), or by the technical implementation of
measurements (Hagemann et al. 2001), which
complicates the use of this trait as a distinguish-
ing marker between MDD and healthy controls.

When MDD patients were compared to
healthy controls, a difference in their EEG was
found that indicates increased vigilance in MDD,
probably due to hyperactivity of the noradrener-
gic system (Hegerl and Hensch 2014). Namely,
in resting state during the period of falling asleep,
changes in EEG activity associated with decline
of vigilance occur, which is missing in MDD
(Hegerl et al. 2012; Olbrich et al. 2012). This is a
promising electrophysiological marker which
outlies clinical symptoms of MDD.

Other biomarkers linked with clinical symp-
toms of MDD, such as sleep initiation problems,
early awakening, or disrupted sleep, are EEG
biomarkers in sleep. Patients with MDD usually
experience sleep disturbances manifested
through an increased rapid eye movement (REM)
density (Goetz et al. 1991), decreased REM
sleep latency (Rotenberg et al. 2002), or changes
in delta sleep (Lopes et al. 2007). Delta sleep dif-
ferences are shown to be discriminative between
MDD and healthy controls in patients with early
stages of MDD, suggesting even that the matura-
tional time course of sleep EEG disturbances
may differ between men and women with MDD
(Armitage et al. 2001).

Brain connectivity, defined as network of ana-
tomical, functional, and casual interactions
between different areas of the brain (Sporns et al.
2004), could be a contributing factor to disorga-
nization syndrome (impaired cognitive associa-
tion) in different psychiatric disorders including
MDD (Leuchter et al. 2012). Well-established
measure of functional connectivity is EEG coher-
ence (Fries 2015). Differences were found in
EEG coherence between patients with MDD and
healthy control subjects (O’Connor et al. 1979),
including decrease (Knott et al. 2001; Lee et al.
2011; Sun et al. 2008) or increase, mostly in the
alpha band (Fingelkurts et al. 2007; Jeong et al.
2013; Leuchter et al. 2012), of EEG coherence in
MDD. Once the reason for these biased findings
clarifies, EEG coherence could be a reliable bio-
marker of MDD.

Both EEG and event-related potentials (ERP)
were used in order to discriminate between
MDD and healthy controls. Event-related poten-
tials are determined using EEG to measure elec-
trophysiological response to different sensory,
cognitive or motor stimulus (Luck 2005). An
ERP signal is a result of averaging the various
brain responses of similar types, and it consists
of positive and negative peaks that occur at the
time points of 100 (N100/P100), 200 (N200/
P200), and 300 (P300) milliseconds (Boutros
et al. 1997). The P300 component of ERP is
included in cognitive information processing,
such as memory, attention, or executive function
(Polich 2004). Some studies reported decreased
amplitude of P300 in MDD (Blackwood et al.
1987; Diner et al. 1985), while other study
emphasized a significance of comorbidities in
P300 determination, since P300 amplitude was
decreased in MDD and increased in patients
with anxiety when compared to healthy controls,
while patients with MDD with comorbid anxiety
had the same P300 amplitude as healthy controls
(Bruder et al. 2002).

Additionally, it was shown that P300 latency
is often prolonged in MDD (Bruder et al. 2009;
Vandoolaeghe et al. 1998). Although it was
shown that responsiveness to auditory evoked
potentials depends on central serotonergic func-
tion (Hegerl and Juckel 1993), which is disturbed
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in MDD, no differences of auditory evoked
potentials were found between MDD patients
and healthy controls (Jaworska et al. 2012b;
Linka et al. 2007).

Conclusion

As recently discussed (Maung 2016), MDD is
heterogeneous disorder, with high degrees of
causal heterogeneity and complexity and with
limited understanding of the possible causal
processes and causative pathology. Therefore,
although there has been a lot of progress, there
is a desperate need for development of vali-
dated, specific, sensitive meaningful set of
biomarkers as potential diagnostic or prognos-
tic tools. Namely, none of the candidate bio-
markers satisfy criteria to be used as a
diagnostic biomarker for MDD (Schneider
and Prvulovic 2013). The utility of one diag-
nostic test, so-called MDD Score, consisting
of nine nongenetic serum biomarkers and an
algorithm, was recently reported to be used as
a biochemical conformation of the MDD
diagnosis (Bilello et al. 2015). Therefore, the
focus of the future research should be a devel-
opment of a well-defined biomarker set or
panel or multi-analyte biomarker panel
(Bilello 2016) that would include various bio-
logical markers associated with particular
alterations on the molecular, cellular, and sys-
tems levels, and that will combine genetic,
molecular, and neuroimaging measures
(Kupfer et al. 2012). These biomarkers, with
different laboratory tests based on the
genomic, transcriptomic, proteomic, epigene-
tic, and metabolomic approaches, should be
used for better understanding of MDD and its
subtypes, to help in establishing MDD diag-
nosis and early detection of the illness and its
subtypes (Bilello 2016; Leuchter et al. 2014;
Young et al. 2016).
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Diagnosis of Major Depressive
Disorders: Clinical and Biological

Perspectives

Marc Fakhoury

4.1 Introduction

Major depressive disorder (MDD) is one of the
leading causes of mental disability worldwide,
with an estimated lifetime prevalence of up to
20-30% (Weissman et al. 1996; Kruijshaar et al.
2005). Also referred to as major depression or
depression, MDD affects more females than
males (Kessler 2003) and constitutes a major bur-
den to the society in terms of ensuing health-care
costs (Kessler 2012). A major depressive episode
frequently follows a traumatic or stressful life
event (Shapero et al. 2014; Negele et al. 2015),
and is often exacerbated by the co-occurrence of
substance use disorders such as alcohol and illicit
drug abuse (Davis et al. 2008). In the clinic,
MDD manifests itself by a wide variety of symp-
toms and signs including depressed mood, loss of
interest, changes in weight or appetite, and
increased thoughts of suicide (American
Psychiatric Association 2013). MDD is also
commonly associated with the presence of car-
diovascular and metabolic complications (Dunbar
et al. 2008; Hare et al. 2014), making it one of the
most significant health problems in modern
society.
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The advances in genetic, molecular, and neu-
roimaging studies over the past few years have
significantly improved our understanding of the
underlying neurobiological mechanisms of MDD
(Fakhoury 2015). Findings from these studies
indicate that MDD is characterized by morpho-
logical and functional changes in cortico-limbic
structures (Drevets et al. 2008), as well as altered
level of certain neurotransmitters in the brain,
including dopamine, serotonin (5-H), norepi-
nephrine, glutamate, and gamma-aminobutyric
acid (GABA) (Kendell et al. 2005; Nutt 2008).
Mounting evidence also indicates that inflamma-
tory mediators and growth factors contribute to
the development of depression, suggesting that
they may constitute a reliable set of biomarkers
to identify at-risk patients (Lotrich 2012; Felger
and Lotrich 2013). In addition, findings from
linkage and association studies have led to the
identification of numerous genetic variations that
may increase vulnerability to MDD (Lohoff
2010; Dunn et al. 2015), thus revealing important
insights about disease mechanisms. However,
due to the clinical and etiological heterogeneity
of MDD, and the complex interaction between
genetic and environmental factors, the underly-
ing pathophysiology of depression is far from
being fully understood and still needs further
investigation.

Given the vast symptomatic heterogeneity
among MDD patients, clinicians may sometimes
misinterpret some behaviors and physical signs,
leading to inappropriate disease classification
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and treatment care. Standardized diagnostic cri-
teria, such as those outlined in the fifth edition of
the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) and the 10th revision of the
International Classification of Diseases (ICD-
10), may help guide decisions regarding diagno-
sis and treatment plan by providing a reliable
assessment of disease symptoms and severity.
The focus of this chapter will be on the DSM-5,
the newest available guideline for diagnosis of
MDD. Although most of the criteria for MDD are
identical between the previous and current edi-
tion of the DSM, several changes were made in
the DSM-5 so as to improve the quality and reli-
ability of diagnosis. These are discussed in more
details in the following sections. This chapter
also provides a detailed overview of biological
markers that could potentially serve as reliable
tools for the diagnosis of MDD and for tailoring
therapies that target individual differences in
Symptoms.

4.2 Diagnostic and Classification
Criteria of MDD in the DSM-5
4.2.1 Criteria for MDD Diagnosis

The use of reliable and valid diagnostic criteria is
essential for making effective clinical decisions
and implementing appropriate management strate-
gies. Based on evidence from clinical practice and
existing epidemiological and neurobiological
research, the DSM-5 has developed new diagnos-
tic criteria that provide the standard language by
which clinicians and researchers communicate
about mental disorders (American Psychiatric
Association 2013). This new edition of the DSM,
which was published in 2013, marks the first major
overhaul of diagnostic criteria and classifications
used by clinicians and researchers since the
DSM-IV in 1994 (American Psychiatric
Association 1994). To meet criteria for MDD in
the DSM-5, at least five of the following symp-
toms must be present nearly every day during the
same 2-week period: (1) depressed mood, (2) loss
of interest or pleasure, (3) changes in weight or
appetite, (4) insomnia or hypersomnia, (5) psycho-
motor agitation or retardation, (6) fatigue or loss of

energy, (7) feeling of worthlessness or guilt, (8)
impaired concentration or indecisiveness, and (9)
recurrent thoughts of death or suicide (American
Psychiatric Association 2013). In addition, at least
one of the existing symptoms must be (1) depressed
mood or (2) loss of interest or pleasure, and the
patient must not have any experience of mania and
hypomania during his lifetime (American
Psychiatric Association 2013).

4.2.2 Subtypesof MDD

One of the most conspicuous changes in the
DSM-5 is the dissociation between “bipolar and
related disorders” and “depressive disorders”,
which are now listed as two separate chapters. In
the current edition of the DSM, the chapter on
bipolar disorder is placed between the chapters
on “schizophrenia/psychotic disorders” and
“depressive disorders” in support of findings
showing that bipolar disorder shares a similar
degree of symptomatology and genetic overlap
with schizophrenia and depression (Lichtenstein
et al. 2009; Mitchell et al. 2011; Ivleva et al.
2012; Cross-Disorder Group of the Psychiatric
Genomics Consortium 2013). However, despite
shared pathogenic processes, the degree of neu-
robiological and cognitive impairments varies
between bipolar disorder and MDD, suggesting
that these disorders should be viewed as two sep-
arate continuums, rather than opposite ends of
the same dimension (Cuellar et al. 2005; van der
Werf-Eldering et al. 2010). In addition, to reflect
the heterogeneous nature of depression, the
DSM-5 has increased the number of categories in
the “depressive disorders” section, with the addi-
tion of disruptive mood dysregulation disorder,
persistent depressive disorder, and premenstrual
dysphoric  disorder (American Psychiatric
Association 2013). Given the high prevalence
rate of these disorders (Tschudin et al. 2010;
Byers et al. 2012; Copeland et al. 2013), and their
similar and somewhat overlapping symptomatol-
ogy with depression (Uher et al. 2014), their
inclusion in the DSM-5 will consequently
increase the rates of comorbidity of MDD and
may have major implications for therapeutic
decision-making.
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4.2.3 Inclusion of Hopelessness
Another amendment proposed by the DSM-5 is
the inclusion of the word “hopeless” as a subjec-
tive descriptor of depressed mood (American
Psychiatric Association 2013). A sense of hope-
lessness reflects a negative attribution about a
particular event or even oneself and the belief
that nothing could be done to change it. This
small, but potentially important change, will
broaden the diagnosis of MDD since individuals
who report feeling hopeless but not sad would be
able to fulfill the mood criterion in the DSM-5.
The inclusion of hopelessness as an indicator of a
major depressive episode is bolstered by evi-
dence showing that individuals who struggle with
feelings of hopelessness are more likely to
develop symptoms of clinical depression
(Brothers and Andersen 2009), and show
increased vulnerability to suicide (Beck et al.
1989, 1990), suicide intent (Wetzel et al. 1980;
Jaiswal et al. 2016), and suicide ideation (Britton
et al. 2008; McCullumsmith et al. 2014).
Hopelessness has also been suggested as a cen-
tral dimension of depression insofar as clinically
depressed patients endorse significantly higher
level of hopelessness than patients suffering from
a variety of other disorders (Greene et al. 1982).
However, notwithstanding the compelling evi-
dence in support of the inclusion of hopelessness
in the DSM-5, several investigations see this sub-
jective descriptor as phenomenologically distinct
from a depressed mood (Greene 1989; Beck et al.
1993; Joiner et al. 2001). As such, the specificity
of hopelessness as an indicator of a major depres-
sive episode in the DSM-5 is likely to broaden
the diagnosis of MDD, but it may also decrease
its reliability insomuch as hopelessness often
occurs independently of depression.

4.2.4 Removal of the Bereavement
Exclusion

One of the most controversial changes proposed
by the DSM-5 is the removal of the bereavement
exclusion from the diagnostic criteria of MDD
(American Psychiatric Association 2013). In the
DSM-1V, individuals who were exhibiting symp-

toms of MDD were excluded from diagnosis if
they were also bereaved within the past 2 months
to account for the fact that a state of intense grief
following the loss of a loved one is a normal reac-
tion (American Psychiatric Association 1994).
However, diagnosis could be done if the bereave-
ment lasted more than 2 months and resulted in
severe functional and behavioral impairments
reminiscent of grief reactions (American
Psychiatric Association 1994). In contrast, the
DSM-5 has lifted the bereavement exclusion
from the diagnostic criteria, primarily based on
evidence suggesting that depression following
bereavement is similar in nature and outcome
from non-bereavement-related depression (Zisook
and Kendler 2007; Zisook et al. 2012). Indeed,
the majority of studies seem to concur with the
view that bereavement-related depression is com-
mon, long lasting, recurrent, and characterized by
clinical outcomes reminiscent of MDD, includ-
ing worthlessness, suicidality, and impairments
in psychosocial and psychomotor functioning
(Zisook et al. 2007). However, despite mounting
evidence pleading in favor of the removal of the
bereavement exclusion, this decision provoked a
lot of criticism among scientists and clinicians.
Critics have mostly argued that the removal of
the bereavement exclusion will recognize ordi-
nary grief as a major depressive episode, result-
ing in inappropriate increases in false-positive
diagnosis and in the number of prescribed anti-
depressants (Pies 2014). As such, the DSM-5
has added a descriptive guideline to call for cli-
nicians to differentiate between symptoms char-
acteristic of normal grief and those that are
reminiscent of depressive disorders based on
their clinical judgment and experience in patho-
physiology (American Psychiatric Association
2013).

4.2.,5 Dimensional Ratings

As part of the DSM-5 revision, the introduction
of dimensional measures has been proposed as a
complement to the current categorical approach
of diagnosis (American Psychiatric Association
2013). Similar to the DSM-IV, DSM-5 encour-
ages the use of standardized dimensional rating
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scales and self-reporting questionnaires as
screening tools to assess the severity of symp-
toms and to provide clinicians with information
relevant for psychiatric diagnosis. In the DSM-5,
symptoms are classified as mild, moderate, or
severe, and a direction for a four-level rating of
new specifiers of MDD is included to allow char-
acterization of additional symptoms (Uher et al.
2014). Compared to the classical categorical
assessment of psychopathology, whereby diag-
nosis is based on the presence or absence of
symptoms, dimensional systems have the poten-
tial to more richly explain heterogeneity in clini-
cal settings (Brown and Barlow 2005), and are
more likely to serve as a putative predictor of
antidepressant treatment response (Uher et al.
2012). Such a dimensional approach can be
applied across several disorders to assess severity
and disaggregate the relevant symptoms, which
could eventually provide a more in-depth under-
standing of the pathological profile of patients
and offer a reliable guide for clinicians on future
therapeutic strategies. However, despite having
greater explanatory power, the dimensional anal-
ysis of symptoms may offer lower clinical utility
since most decisions in clinical practice are
purely categorical, involving a yes-or-no charac-
ter (Uher et al. 2012, 2014). Careful clinical
judgment is therefore needed to determine at
which stage dimensional measures are best intro-
duced into the categorical diagnostic system and
how they could be used to effectively guide the
treatment process.

4.2.6 Specifiers of MDD

The number of specifiers in the DSM-5 has been
increased to reflect the existence of phenomeno-
logical variants of MDD and to define a more
homogeneous subgrouping of individuals with
the disorder (American Psychiatric Association
2013). The expansion of descriptive specifiers for
the diagnosis of depressive disorders will help
convey information relevant to treatment
decision-making and may also have implications
for forensic practice in the context of sentencing,
civil commitment, and child custody (Parker

2014). As part of a mixed categorical dimen-
sional approach, a list of uncoded specifiers can
now be added in the diagnosis of MDD, includ-
ing “with anxious distress”, “with mixed fea-
tures”, “with melancholic features”, “with
atypical features”, “with mood-congruent psy-
chotic features”, “with mood-incongruent psy-
chotic features”, “with catatonia”, with
“peripartum onset”, and “with seasonal pattern”
(American Psychiatric Association 2013). With
respect to the DSM-IV, one major change pro-
posed by the DSM-5 is the addition of the “with
anxious distress” descriptive specifier, which was
added to account for the high prevalence of anxi-
ety symptoms among individuals with depressive
disorders (Lamers et al. 2011; Li et al. 2012).
This new addition could have a major impact on
clinical practice since individuals with anxious
depression respond poorly to antidepressants
compared to individuals with nonanxious depres-
sion and may therefore require additional treat-
ment care (Fava et al. 2008; Wu et al. 2013).
Second, the “with mixed features” specifier was
introduced in the DSM-5 to replace the DSM-IV
entity of a mixed episode of bipolar disorder and
to account for specific treatment requirements for
depressed individuals with mixed symptoms
(Parker 2014). Finally, the “postpartum onset”
specifier of the DSM-IV has been expanded to
“peripartum onset” in the DSM-5, which may
now be applied if the depressive episode takes
place during pregnancy or within 4 weeks of
child birth (Parker 2014). This change will help
improve the detection of depressive symptoms
during the perinatal period and will serve as a
prevention tool toward postpartum depression,
which could lead to multiple negative effects for
both mothers and children if left untreated.

4.3 Biological Markers in MDD

A biological marker, or biomarker, is an objective
measurement of a normal biological process that
can be used to predict or indicate the presence of
a disease. In MDD, the advantages of having reli-
able biomarkers are diverse, ranging from the
stratification of the disorder according to severity
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and symptomatology, the indication of disease
prognosis, to the prediction of therapeutic
responses (Gururajan et al. 2016). Validated
disease-associated biomarkers are also critical
elements of the translational process, enabling the
direct transition between ethologically valid ani-
mal models and human conditions (McGonigle
and Ruggeri 2014). Many different biological
measures can be used to detect the presence of
depression, including neurotransmitters, proteins,
metabolites, and brain activity patterns. The fol-
lowing sections present an overview of the bio-
logical measures that may potentially serve as
biomarkers in MDD, and discuss key challenges
in their use and application in psychiatry.

4.3.1 Neurotransmitters

4.3.1.1 Serotonin and Dopamine

One of the most established etiological theories
of depression is the monoamine hypothesis,
which states that the underlying pathophysiologi-
cal basis of the disorder is due to specific deficits
in serotonin (5-HT) and catecholamines in the
central nervous system (Delgado 2000; Albert
et al. 2012). This long-standing hypothesis forms
the cornerstone of current therapeutic approaches
of depression, which primarily use drugs for
inhibiting the reuptake of neurotransmitters in
the brain, like 5-HT and norepinephrine. In sup-
port of the monoamine hypothesis of depression,
studies have reported decreased peripheral levels
of 5-HT (Maurer-Spurej et al. 2007; Paul-Savoie
et al. 2011) and its precursor tryptophan (Cowen
et al. 1989; Ogawa et al. 2014) in depressed
patients. In addition, postmortem analysis of
brain tissues revealed decreased expression of
5-HT;, mRNA in the hippocampus and dorsal
prefrontal cortex (Lopez-Figueroa et al. 2004),
and increased level of 5-HT,, receptors in the
prefrontal cortex (Shelton et al. 2009) of MDD
patients, thus bolstering the view that the seroto-
nergic system is dysregulated in depression.
Other players of the serotonergic system that are
incriminated in MDD include the 5-HT,; and
5-HT,, receptors, as well as the 5-HT membrane
transporter protein (SERT) (Fakhoury 2016). As

for dopamine, the majority of studies thus far
have focused on the role of the dopamine D4
receptor in depression. These studies, however,
have yielded conflicting results inasmuch as
dopamine D4 receptor mRNA expression was
found elevated in the amygdala (Xiang et al.
2008), decreased in lymphocytes (Rocc et al.
2002), and unaltered in leukocytes (Iacob et al.
2014) of MDD patients compared to healthy
controls.

4.3.1.2 Norepinephrine

In light of early evidence showing that inhibition
of norepinephrine reuptake contributes to the
therapeutic efficacy of several classes of antide-
pressants (Burrows et al. 1998), substantial and
consistent evidence has associated MDD with
alterations in norepinephrine signaling. Frequently
reported findings include the presence of increased
density of a2-adrenoceptors (a target of norepi-
nephrine) in the frontal cortex (Callado et al.
1998; Garcia-Sevilla et al. 1999; Valdizan et al.
2010) and temporal cortex (De Paermentier et al.
1997) of depressed suicide victims. In addition,
increased a2-adrenoceptor sensitivity (Gonzalez-
Maeso et al. 2002) and mRINA expression (Escriba
et al. 2004) were found in the frontal cortex of
suicide victims diagnosed with mood disorders.
Subjects with MDD were also shown to exhibit
marked decreases in norepinephrine transporter
binding in the midcaudal portion of the locus coe-
ruleus (Klimek et al. 1999). However, studies
investigating the density of a2-adrenoceptors in
platelets of MDD patients reported opposite
results, showing either decreases (Maes et al.
1999) or increases (Gurguis et al. 1999) in recep-
tor density. Despite being contradictory, these
findings provide strong evidence for the involve-
ment of a2-adrenoceptors in the pathogenesis of
depression, and together with evidence from post-
mortem studies, indicate that alterations in spe-
cific aspects of norepinephrine signaling may
serve as potential biomarkers in MDD.

4.3.1.3 Glutamate and GABA

Although the majority of studies investigating the
neurobiological mechanisms of depression have
focused on monoamines such as serotonin,
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dopamine, and norepinephrine, evidence also
points to a role of glutamate and GABA neuro-
transmission in depressive behaviors. Recent
postmortem analyses reveal robust decreases in
the expression of several key glutamate receptor
subunits, including the NR2A and NR2B sub-
units of NMDA receptors, in the perirhinal and
prefrontal cortex of MDD patients (Beneyto et al.
2007; Feyissa et al. 2009). Consistently, neuro-
imaging studies reported downregulation of glu-
tamate in the ventromedial prefrontal cortex of
depressed patients (Portella et al. 2011), and
reduced levels of metabotropic glutamate recep-
tor 5 (mGlIuRS5) binding in the prefrontal cortex,
the cingulate cortex, the insula, the thalamus, and
the hippocampus of individuals with MDD
(Deschwanden et al. 2011). Likewise, synaptic
alterations in GABA neurotransmission have
been shown to substantially contribute to MDD’s
underlying etiology. The general consensus
appears to be that GABA concentrations are
downregulated in the plasma (Petty and Schlesser
1981; Petty and Sherman 1984; Petty et al. 1992),
cerebrospinal fluid (CSF) (Gold et al. 1980;
Gerner and Hare 1981; Gerner et al. 1984), and
brain regions (Honig et al. 1988; Sanacora et al.
1999) of patients with depression, though some
studies reported no differences between depressed
and control individuals (Roy et al. 1991;
Godlewska et al. 2015). In addition, reduced pro-
tein level (Karolewicz et al. 2010) and mRNA
expression (Thompson et al. 2009) of glutamic
acid decarboxylase (GAD), the GABA synthesiz-
ing enzyme, were found in the prefrontal cortex
and orbitofrontal cortex of MDD patients, respec-
tively, indicating that the development of depres-
sive behaviors may be due to a widespread
reduction in GABA neurotransmission.

4.3.2 Neurotrophins and Other
Growth Factors

Numerous studies have implicated neurotroph-
ins and other growth factors in the etiology of
depression and in the therapeutic effects of anti-
depressants. Neurotrophins are a family of pro-
teins that belong to the class of growth factors,

mediating functions important for the survival,
differentiation, and maintenance of nerve cells.
Four neurotrophins are expressed in the mamma-
lian brain, including nerve growth factor (NGF),
brain-derived neurotrophic factor (BDNF), neu-
rotrophin-3 (NT-3), and neurotrophin-4 (NT-4)
(Huang and Reichardt 2001). Although NGF and
NT-3 have been implicated in depression (Hock
et al. 2000; Chen et al. 2015; Wysokinski 2016),
BDNF has been the most extensively studied
thus far, with the large majority of findings
reporting decreased level of this neurotrophin in
the serum (Karege et al. 2005; Aydemir et al.
2006; Bocchio-Chiavetto et al. 2010; Ristevska-
Dimitrovska et al. 2013) and plasma (Kim et al.
2007; Lee et al. 2007; Piccinni et al. 2008) of
depressed individuals; effect that is normalized
by antidepressant treatments (Shimizu et al.
2003; Aydemir et al. 2005; Gonul et al. 2005;
Yoshimura et al. 2007; Huang et al. 2008).
Notwithstanding the inconsistency reported in
the literature (Serra-Millas et al. 2011; Brunoni
et al. 2014), the aforementioned studies strongly
suggest that peripheral levels of BDNF are good
candidate biomarkers for MDD and could be
considered as reliable predictors of antidepres-
sant response.

Besides neurotrophins, growth factors such as
vascular endothelial growth factor (VEGF) and
fibroblast growth factor (FGF) have also been
implicated in the etiology of depression.
Originally described as an angiogenic mitogen,
VEGF has been shown to play a crucial role in the
pathophysiology of depression and to act as a
mediator of antidepressant actions (Warner-
Schmidt and Duman 2007; Clark-Raymond and
Halaris 2013). However, studies evaluating the
levels of VEGF in depressed patients have
reported inconsistent findings, showing either
increased (Kahl et al. 2009; Lee and Kim 2012) or
no change (Dome et al. 2009; Kotan et al. 2012) in
peripheral levels of this growth factor compared
to healthy controls. In another set of studies,
altered gene expression of several FGF transcripts
was found in the dorsolateral prefrontal cortex
(Evans et al. 2004), locus coeruleus (Bernard
et al. 2011), and hippocampus (Gaughran et al.
2006) of MDD subjects, suggesting that perturba-
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tions of FGF regulation may also serve as a valu-
able biomarker of depression. In addition, elevated
level of FGF-2 has been observed in the serum of
MDD patients (Kahl et al. 2009), pointing to a
role of this growth factor in the pathophysiology
of depression. Other growth factors that may
serve as biomarkers of MDD and a predictor of
antidepressant response include the vascular
growth factor (VGF), glial cell line-derived neu-
rotrophic factor (GDNF), insulin-like growth fac-
tor-1 (IGF-1), and nerve growth factor (NGF)
(Schmidt et al. 2011; Galvez-Contreras et al.
2016). However, given the numerous discrepan-
cies and missing gaps in the literature, further
investigations with sound methodology are war-
ranted to evaluate the reliability of these growth
factors as biomarkers of MDD.

4.3.3 Inflammatory Mediators

Several lines of evidence indicate that inflamma-
tory mediators, including cytokines and immune
cells, may have a role in the etiology of
MDD. Clinical studies demonstrate that patients
with depressive symptoms display increased
peripheral (Kahl et al. 2006; Diniz et al. 2010;
Dowlati et al. 2010) and cerebrospinal (Levine
et al. 1999; Lindqvist et al. 2009) levels of pro-
inflammatory cytokines, including tumor necro-
sis factor-alpha (TNF-a), interleukin-1beta
(IL-1B), and IL-6; effect that can be reversed
upon treatment with antidepressants (Basterzi
et al. 2005; Himmerich et al. 2010; Hannestad
et al. 2011). Consistent with the notion that ele-
vated inflammatory response contributes to the
etiology of depression, inhibition of pro-
inflammatory cytokines using TNF-o antagonists
(Krishnan et al. 2007; Raison et al. 2013) or
COX-2 selective nonsteroidal anti-inflammatory
drugs (Muller et al. 2006; Nery et al. 2008)
results in improved symptomatology in patients
with depressive symptoms. Alterations in other
markers of inflammation and oxidative stress,
including C-reactive protein (CRP), superoxide
dismutase (SOD), myeloperoxidase (MPO), and
inducible nitric oxide synthase (iNOS), are also
found in depressed patients (Lopresti et al. 2014;

Gururajan et al. 2016) and may potentially be
used to aid in the detection and prediction of
depressive symptoms.

Glial cell dysregulation, which ultimately
leads to increased cytokine production and
chronic inflammation, is also believed to con-
stitute a prominent pathological feature of
MDD (Rajkowska and Stockmeier 2013; Rial
et al. 2015). Postmortem studies have repeat-
edly reported decreased glial cell density in
cortical regions of depressed patients, includ-
ing the anterior cingulate cortex (Cotter et al.
2001; Gittins and Harrison 2011), the dorsolat-
eral prefrontal cortex (Cotter et al. 2002), the
subgenual prefrontal cortex (Ongur et al. 1998),
and the orbitofrontal cortex (Rajkowska et al.
1999). Consistent with these findings, patients
with depression were also shown to have a
lower density of numerous proteins involved in
glial cell activation and function within cortical
regions, including glial fibrillary acidic protein
(GFAP) (Si et al. 2004), excitatory amino acid
transporters 1 and 2 (Miguel-Hidalgo et al.
2010), aquaporin-4 (Rajkowska and Stockmeier
2013), and connexin 43 (Miguel-Hidalgo et al.
2014).

Altogether, the aforementioned findings pro-
pose that depression is characterized by conspic-
uous changes in immune and inflammatory
markers. Although these changes may show great
potential in helping clinicians make appropriate
diagnosis and treatment decisions, their use
remains limited by the fact that it is still not clear
whether the inflammatory response in depressed
patients contributes to the etiology of MDD or
takes place as a consequence of a depressive
state. A better understanding of inflammation and
its relationship with the development of depres-
sive behaviors is thus of paramount clinical
importance.

4.3.4 Endocrine and Metabolic
Markers

The hypothalamic—pituitary—adrenal (HPA) axis,
a major endocrine system that regulates the phys-
iological response to stress, is believed to play a
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pivotal role in the pathophysiology of depression
(Varghese and Brown 2001; Du and Pang 2015).
Activity of the HPA axis is governed by the pro-
duction and release of corticotrophin-releasing
hormone (CRH) and arginine vasopressin (AVP)
from the paraventricular nucleus of the hypothal-
amus, which in turn activate the secretion of
adrenocorticotrophic hormone (ACTH) from the
pituitary (Pariante and Lightman 2008). This
results in an increased secretion of glucocorti-
coids (cortisol in humans and corticosterone in
rodents) from the adrenal cortex, which then
exert a direct feedback inhibition of the HPA axis
(Pariante and Lightman 2008). Reported findings
from depressed patients concur with the view that
MDD is associated with an upregulation of the
HPA axis, including elevated levels of cortisol
(Vreeburg et al. 2009), CRH (Austin et al. 2003),
and AVP (van Londen et al. 1997); effect that is
reversed following chronic treatment with antide-
pressants (Piwowarska et al. 2009, 2012).
However, HPA axis activation is not always
abnormally increased in individuals with MDD
(Watson et al. 2002; Van Den Eede et al. 2006)
and appears to be differentially regulated in spe-
cific subtypes of depression (Levitan et al. 2002;
Lamers et al. 2013). Notwithstanding the incon-
sistency in the existing literature, monitoring the
changes in cortisol and CRF levels, as well as
other HPA axis factors, could prove beneficial in
characterization distinct subtypes of MDD and
assessing treatment response to antidepressants.
Evidence also demonstrates an association
between depressive disorders and metabolic syn-
drome, the latter being defined by a cluster of
symptoms that include increased waist circum-
ference, high blood pressure, high glucose level,
elevated triglycerides, and low high-density lipo-
protein (HDL) cholesterol (Foley et al. 2010;
Marazziti et al. 2014). The prevalence of meta-
bolic syndrome among patients with depression
is markedly higher compared to that of healthy
individuals (Heiskanen et al. 2006; Lasic et al.
2014), suggesting that some individual metabolic
syndrome components may be indicative and
predictive of depressive symptoms. Indeed,
increased waist circumference (Dunbar et al.
2008; Zhao et al. 2011), low HDL cholesterol

level (Dunbar et al. 2008; Lehto et al. 2008), and
elevated blood pressure (Reiff et al. 2001) show
significant and independent associations with
depression. Increased waist circumference was
also suggested as a very strong predictor of
depressive symptoms (Pulkki-Raback et al.
2009), thus urging the need for individuals with
abdominal adiposity to consider lifestyle changes,
such as adopting a healthy dietary pattern to pre-
vent depression later in life. Consistent with these
findings, circulating levels of leptin and ghrelin,
which regulate hunger and metabolism, were
found to be differentially regulated in individuals
with depressive behaviors (Kraus et al. 2001;
Gecici et al. 2005; Tuncel et al. 2016) and were
shown to play arole in the mechanisms of actions
of antidepressants (Schilling et al. 2013; Ozsoy
et al. 2014). Thus, altered metabolic function
should be routinely assessed in the clinic since it
could be used as a viable biomarker for decisions
pertaining to clinical diagnosis and treatment
care in depressed patients.

4.3.5 Neuroimaging-Based Markers

Methods for identifying neuroimaging-based
biomarkers over the past few years have shed
new light on the underlying mechanisms of
MDD. Notably, techniques such as structural
magnetic resonance imaging (MRI), diffusion
tensor imaging (DTI), functional magnetic reso-
nance imaging (fMRI), and positron emission
tomography (PET) have allowed for a better
understanding of the relationship between
depression and brain structure and function
(Dunlop and Mayberg 2014). One of the most
frequently reported findings is reduced hippo-
campal volume in patients with MDD (Cole
et al. 2011), which normalizes after remission
(Ahdidan et al. 2011) or treatment with antide-
pressants (Malykhin et al. 2010). Other struc-
tural changes, including decreased volumetric
asymmetries in the basal ganglia (Shah et al.
2002; Lacerda et al. 2003) and smaller volume of
the orbitofrontal cortex (Bremner et al. 2002),
cingulate cortex (Caetano et al. 2006), and
amygdala (von Gunten et al. 2000; Hastings
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et al. 2004), were also reported in individuals
with MDD, thus advocating changes in cortico-
limbic structures as potential diagnostic bio-
markers for depression.

In addition to the reported structural changes
observed in depression, MDD patients show
marked impairments in resting and task-evoked
activation of several brain regions. For instance,
task-based fMRI studies in depressed patients
reported aberrant activation of numerous struc-
tures within the cortico-limbic system, including
increased activation of the amygdala (Mingtian
et al. 2012; Ruhe et al. 2012), decreased activa-
tion of the prefrontal and cingulate cortex (Ruhe
et al. 2012), and increased activation of the insula
(Surguladze et al. 2010) in response to facial
stimuli. Depressed patients also exhibit decreased
activation of the right hippocampal and left para-
hippocampal gyrus during recollection memory
trials, implicating abnormalities in memory
retrieval processes in MDD (Milne et al. 2012).
Similarly, resting-state fMRI studies have
revealed the presence of aberrant patterns of
effective connectivity among cortical, limbic,
and paralimbic structures (Greicius et al. 2007;
Hamilton et al. 2011), implicating abnormalities
of the default-mode functional connectivity in the
etiology of depression. Last but not least are PET
measures of neural activity revealing multiple
abnormalities in glucose metabolism and/or
regional blood flow in cortical-limbic structures
(Drevets et al. 1997) and in limbic structures
(Neumeister et al. 2006) of individuals with
MDD.

Taken together, findings collected over the
past few years have consistently shown that
MDD is characterized by specific patterns of
structural and functional abnormalities in cortico-
limbic regions. These abnormalities, if suffi-
ciently important to be detectable by
neuroimaging tools, may have the potential to
translate into robust clinical biomarkers for the
diagnosis of depression. Neuroimaging-based
biomarkers could also be reliably used to predict
treatment outcome (Drysdale et al. 2017), stratify
patients into distinct clinical subgroups (Drysdale
et al. 2017), and might even serve to detect pre-
dispositions to MDD.

Conclusion

The diagnostic criteria of MDD have under-
gone major changes from the DSM-IV to
DSM-5. Some of the most significant amend-
ments include the inclusion of hopelessness as
a descriptor of depressed mood, the removal
of the bereavement exclusion, and the intro-
duction of new dimensional measures and
specifiers. Notwithstanding the major revi-
sions made by the DSM-5, the latter has been
largely criticized for being based on pragmatic
judgments rather than scientific evidence.
Among some of the controversial issues sur-
rounding the new set of diagnostic criteria,
critics have argued that the introduction of
mixed features and the removal of the bereave-
ment exclusion may lead to misdiagnosis of
MDD with a resultant increase in the number
of prescribed antidepressants (Koukopoulos
et al. 2013; Pies 2014). Caution should there-
fore be taken when making a diagnosis of
MDD. Decisions made by clinicians should
not only rely on the DSM-5 criteria but also on
their prior experience and knowledge of
psychopathology.

Over the past few years, tremendous efforts
have also been made toward the identification
of potential biological markers that could aid
in the diagnosis of MDD and serve as predictor
of antidepressant response. Some of the fre-
quently reported findings include abnormali-
ties in neurotransmitter systems, such as those
for 5-HT, dopamine, norepinephrine, gluta-
mate and GABA, and alterations in the levels
of growth factors, such as BDNF, VEGF, and
FGF. Evidence also indicates the presence of
conspicuous changes in the levels of inflam-
matory, endocrine, and metabolic markers, and
the presence of structural and functional abnor-
malities in specific cortico-limbic regions of
depressed patients. Dysregulations of these
biological markers, if sufficiently important,
may constitute reliable indicators of depres-
sive behaviors and even serve to predict pre-
dispositions to MDD. However, future
studies are needed to indicate whether these
changes constitute a direct cause of depres-
sion or a compensatory mechanism for spe-
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cific neurobiological alterations. Correlational
studies are also warranted to determine whether
the changes in biomarker levels correlate with
disease severity. This could have important
implications in the clinic regarding both diag-
nosis and treatment decision.
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Application of Neuroimaging
in the Diagnosis and Treatment

of Depression

Ayla Arslan

5.1 Introduction

Depression is a brain disease deriving from the
complex interplay of genes and environment.
According to World Health Organization, it is a
common mental disorder affecting more than 300
million people worldwide and major contributor
to the overall global burden of disease (WHO,
Depression Fact Sheet, 2017).

Despite its devastating impact on quality of
life, the neurobiological mechanism of depres-
sion is not fully understood. Thus, diagnosis of
depression is grounded on clinical guidelines.
These guidelines such as Diagnostic and
Statistical Manual of Mental Disorders (DSM-
V) or International Classification of Diseases
(ICD-10) lack biological validity, despite being
clinically reliable.

The classification criteria of the DSM-V or
ICD-10 involve clinical signs, symptoms, and
course of illness causing patients with different
phenotypes to be diagnosed in the same way and
to receive same pharmacotherapy. Consequently,
two third of the patients, diagnosed with major
depressive disorder (MDD), do not respond to
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initial pharmacotherapy regimen, for example
(Krishnan and Nestler 2010). Also, existing treat-
ments are neither optimally effective nor without
adverse effects (Goodwin 2008). For instance,
side effects of selective serotonin reuptake inhib-
itors (SSRI), one of the most prescribed antide-
pressant drug (AD), are prominent (Price et al.
2009). Moreover, patients diagnosed as
depressive but unresponsive to AD treatment or
more difficult to treat have higher probability of
bipolar disorder (BPD) diagnosis (Li et al. 2012).
So, problems for the differential diagnosis of
depression and other psychiatric conditions exist.
Figure 5.1 summarizes the problems associated
with clinical classification of depression.

One way to address these problems is the use
of biological markers rather than relying on clini-
cal soft signs and symptoms for the classification
of depression. This in turn would certainly guide
better disease diagnosis. Besides, the discovery
of relevant biomarkers would help predict the
risk for developing a disorder as well as its course
and treatment outcome. Are there such
biomarkers?

But, before that, what is a biomarker exactly?
According to Webster’s New World Medical
Dictionary, a biomarker is defined as “a biologic
feature that can be used to measure the presence
or progress of disease or the effects of treatment”.
For psychiatric conditions, this sounds very
ambitious yet challenging.
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Psychiatrists would like to know if a specific
drug is going to treat depression or if a person
with depression is in danger of committing sui-
cide. Thus, a biomarker is expected to give the
opportunity to evaluate drug response and dis-
ease risk based on biological data. Addressing
the former, such a biomarker can be named as
treatment-selection biomarker (TSB) which is
defined as a biological moderator that can be
measured before treatment to guide selection of
the optimal treatment for patients (McGrath
et al. 2013). Also, a biomarker for psychiatric
condition is expected to assist better diagnosis,
providing opportunity to classify the disease and
its subtypes precisely.

This type of biomarker can be named as
“diagnostic biomarker”. Another group of bio-
markers can be used to identify the utility of an
ongoing intervention early in the course of ill-
ness, thus decreasing the time required to deter-
mine treatment outcome. In this chapter, we
will examine the potential of neuroimaging
derived data as biomarkers to be used in the
diagnosis and treatment of depression (Fig. 5.2
shows examples for candidate neuroimaging
biomarkers).

Diagnosis

Treatment

Research

5.2 Neuroimaging: A Window

to the Black Box

Imaging of brain (or neuroimaging) was unthink-
able until the late nineteenth century, when the
discovery of X-rays has opened a window to this
black box. Since then, different types of neuroim-
aging techniques have been increasingly used for
the studies of brain structure and function such as
positron emission tomography or magnetic reso-
nance imaging (Box 5.1).

Box 5.1: What Is Neuroimaging?
Neuroimaging corresponds to a range of
noninvasive methodologies such as mag-
netic resonance imaging (MRI) or positron
emission tomography (PET) to obtain, iden-
tify, analyse, and interpret the images of
brain structure and functionality.

Positron emission tomography (PET) is a type
of neuroimaging, which can be used to identify
resting-state metabolic features as well as density

e Lack of differential diagnosis due to overlapping
symptoms that cut across the disease boundaries

* Measuring disease severity remains unrecognized in
ordinary practice

* Pharmacotherapy is not as effective as desired
« Side effects

» Unresponsiveness

¢ Long time is required for the drug response

¢ Clinical symptom based definition of depression
interferes with top down biological research

Fig.5.1 Current problems associated with classification of depression
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Diagnostic Biomarker

Measurements that can be used to
distinguish between different states of

illness and health. treatment options

Treatment Selection Biomarker (TBS)

Measurements obtained before
treatment used to decide on the

Prognostic (Predictive) Biomarkers

Measurements that can be used to
predict the outcome or course of an
iliness

« fMRI patterns of connectivity in limbic
and fronto-striatal networks'

» Combined gray matter and white
matter features in the structural MRI
scans?

Fig.5.2 Types of depression biomarkers discussed in the
chapter and examples for candidate neuroimaging bio-
markers. fMRI functional magnetic resonance imaging,
MRI magnetic resonance imaging, DFN default mode net-
work, OFC orbital frontal cortex, DLPFC dorsolateral

of neurotransmitter receptors and neurotransmit-
ter transporters. Using radioactive tracers and
ligands, a PET scan, can show how the brain and
its tissues are working. As the late 1970s have
witnessed the increase in the development of
radioactive tracers for brain, many human studies
of PET have been conducted. The first examples
of such studies involve the imaging of regional
amino-acid metabolism or drug kinetics in brain
tumours (Bergstorm et al. 1983; Diksic et al.
1984) or neurotransmitter function (Garnett et al.
1983) followed by many others.

Magnetic resonance imaging (MRI) can be
used to determine volume of different brain
regions such as hippocampus and amygdala. The
MRI measurements, then, can be used to deter-
mine individual differences in these structures
and their correlation with the biological parame-
ters such as genetic variations and/or disease
states. MRI utilizes a strong oscillation of mag-
netic field to make exogenously added contrast
agents (or endogenous atoms such as hydrogen)
to emit radio waves. The radio waves are then
used to generate two- and three-dimensional
images of the brain in vivo.

The diffusion tensor imaging (DTI) was first
proposed in the 1990s for use in magnetic reso-
nance imaging (MRI) (Basser et al. 1994a, b). In
principle, DTT measures a specific direction of
water diffusion by gradients of magnetic field
generated by MRI. A repetition of this process in
multiple directions is used to derive a 3D diffu-
sion model called the tensor, estimated for the

* Hippocampal volume®
* Metabolism of subcallosal cingulate*

+ Midbrain glucose metabolism as
potential remission biomarker®

prefrontal cortex, sgACC subgenual anterior cingulate
cortex, VMPFC ventromedial prefrontal cortex. 'Drysdale
et al. (2017), *Sankar et al. (2016), *Fu et al. (2013),
“McGrath et al. (2014)

imaging of white matter (WM) pathways
(reviewed by O’Donnell and Westin 2011). WM
pathways are bundles of axons connecting the
brain parts by commissural tracts like the corpus
callosum and by association tracts like the arcu-
ate fasciculus. These features can be assessed by
several methodologies of DTI: (1) diffusion
property of the white matter such as fractional
anisotropy (FA) or mean diffusivity (MD), (2) 3D
geometrical models of fibre paths derived from
tractography, and (3) connectivity matrices of
brain connection networks (Arslan 2018).
Thus, DTI can identify microstructural WM
abnormalities with high resolution enabling the
characterization of WM tracts related to critical
brain regions implicated in emotion and cogni-
tion. Moreover, it can address the genetic effects
on the WM structures. The twin or sibling studies
of brain asymmetry and development (Jahanshad
et al. 2010; Chiang et al. 2011) or studies analys-
ing the individual differences of white matter
tracts (Schotten et al. 2011) have shed light on
the dissection of these effects on the WM param-
eters. Conversely, DTI is a valuable tool for the
determination of white matter integrity and den-
sity as measures of structural connectivity.

Also, by combining DTI with functional mag-
netic resonance imaging (fMRI), a neuroimaging
method that reflects states of brain metabolic
activity in the resting state or during a specific
neural task as blood oxygenation level-dependent
(BOLD) contrast, the model of connectivity
(connectome) can be studied (reviewed by
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Structural Analysis

DTl and MRI

Functional Analysis
fMRI

Molecular Analysis
PET

e Structural connectivity
¢ Volumetric measurements

» Neural activation pattern
¢ Functional connectivity

* Metabolic activity
* Receptor density

« Effective Connectivity

Fig.5.3 Summary of neuroimaging methods described in the present study

Glasser and Rilling 2008; Schotten et al. 2011).
As ultrahigh magnetic fields increase the BOLD
sensitivity (Ugurbil 2012), fMRI studies are
increasingly used to measure neural activity in a
specific brain region during a cognitive or emo-
tional task. Elaborating on this, functional con-
nectivity analysis is used to examine neural
activation patterns in coordinated temporal pat-
terns of activity across multiple regions (func-
tional connectivity MRI [fcMRI]) (Fox and
Raichle 2007). Moreover, effective connectivity
is an approach of fMRI, which identifies a cause
and effect relationship to determine how one part
of the brain regulates activity in another during a
specific task of emotion or cognition (Arslan
2018).

Because of these increasing capabilities, neu-
roimaging is widely used to probe neurobiologi-
cal characteristics in almost every field of
neuroscience (Patel et al. 2016) despite contro-
versies (Vul et al. 2009). Since the first functional
brain mapping of human subjects in the early
1990s (Belliveau et al. 1991; Ogawa et al. 1992),
for example, the number of research articles pub-
lished in NCBI PubMed relevant to) fMRI hit to
27,995 papers in between January 1, 2016, and
January 1, 2017. Why is it so?

The appeal of neuroimaging lies behind the
irresistible idea of decoding the activation pat-
terns and algorithms of the brain to sense, per-
ceive, and respond to the world during health
and disease. However, the outcomes were below
the expectations: At present, utilization of neu-
roimaging biomarkers for clinical practice is
restricted to neurological conditions such as pre-
surgical evaluation of epilepsy, differential diag-
nosis of coma, and brain-computer interfaces for

locked-in patients. For psychiatric conditions
including depressive disorders, this is yet to be
established for routine clinical applications;
however, neuroimaging in collaboration with
other fields holds a strong potential for this goal.
In fact, there is a tremendous progress in molec-
ular and cellular mechanisms underlying neural
function and plasticity, but translation of this
knowledge to clinical practice was not very fruit-
ful, either. Thus, it was argued that clinical psy-
chiatry did not benefit from genomic revolution
as desired (Arslan 2015).

One way to address this “bottleneck™ is to
accelerate the screening of reliable biomarkers,
which can link neuroscience research with clini-
cal studies. Put it together, a good repertoire of
biomarkers is not only needed to address prob-
lems of disease classification, personal pharma-
cotherapy, and preventative medicine but also for
better research climate. Thus, neuroimaging
studies (Fig. 5.3) are particularly critical in this
context as there is a huge potential in line with
the advancements in the field. Here we will
describe this in terms of PET, MRI, DTI, fMRI,
the promises, and the challenges.

5.3 The Depressed Brain

Neuroimaging can shed light on how dysfunction
in specific brain structures and circuits might
underlie depression. Accordingly, many studies
attempted to identify molecules, regions and cir-
cuits involved in this process. Two circuitries are
reported as associated with depression and other
mood disorders most consistently: The serotoner-
gic circuitry centred on amygdala and differ-
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ent medial prefrontal cortical regions, and the
circuitry centred on the ventral striatum and
medial prefrontal cortex (Phillips et al. 2015). The
former circuitry is involved in the modulation of
implicit emotion regulation, and the latter is a
dopamine-regulated reward circuit. It is suggested
that different dimensions of depression symptoms
might be linked to abnormalities in these circuit-
ries thus can serve as biomarkers for treatment
selection. For example, abnormalities in the
implicit emotion regulation circuitry may cause
poor affect and anxiety, while abnormalities in
reward circuitry may cause indifference and anhe-
donia (Pizzagalli 2011; Keedwell et al. 2005).

One of the mediators of implicit emotion reg-
ulation is thought to be serotonergic transmission
particularly in the amygdala and medial prefron-
tal cortical regions (Phillips et al. 2015).
Addressing this, PET studies reported differences
in the levels of serotonin receptors (5-HT,, and
5-HT,,) between healthy people and patients
with , MDD (Drevets et al. 1999; Meyer et al.
2003); Sargent et al. 2000; Savitz and Drevets
2009; Smith and Jakobsen 2009). Patients of
major depressive disorder (MDD), who have
high levels of pessimism, show an elevation in
5-HT,, receptor levels (Bhagwagar et al. 2006;
Meyer et al. 2003), and patients with major
depressive episode show a reduction in 5-HT,
receptors (Drevets et al. 1999; Sargent et al.
2000). Also, 5-HT1A density was determined by
using the PET  tracer  [carbonyl-C-
11]-WAY-100635, a selective 5-HT1 A antagonist
in a study of 50 patients with MDD (34 female,
16 male) and 57 healthy controls (32 female, 25
male). Results show that 5-HT1A density of male
subjects diagnosed with MDD was significantly
higher across 13 brain regions compared with
male controls (p < 0.0001), suggesting that
5-HT1A density could be a biomarker for depres-
sion in males (Kaufman et al. 2015).

In particular, several studies analysed the met-
abolic features of MDD by PET. Given that glu-
cose is the major substrate for brain metabolism,
studies of glucose metabolism  using
2(18F)-fluoro-2-deoxy-D-glucose (FDG) by PET
(FDG PET) have been conducted. For example, a
meta-analysis (Su et al. 2014) confirmed the

association of several brain regions with MDD
including bilateral insula, left lentiform nucleus
putamen, and extranuclear, right caudate, and
cingulate gyri, which show a significant decreased
metabolism in patients with MDD, whereas right
thalamus pulvinar and declive of posterior lobe
and left culmen of vermis in anterior lobe have
significantly higher metabolic activity in MDD
patients (Su et al. 2014).

One of the first systematic, well-controlled
studies to identify the first potential biomarker
that distinguishes between treatment responses
was published not so long ago (McGrath et al.
2013). The group first measured glucose metabo-
lism of the brains of 82 treatment-resistant
depressed patients using PET scans. Then, they
randomly assigned the patients to two different
treatment groups. While one group received the
SSRI escitalopram for 12 weeks, the other group
received 16 sessions of cognitive behavioural
therapy (CBT) over the same period. Results
show that the rate of glucose metabolism in the
right anterior insula—which is related to
depression-relevant behaviours such as emotional
self-awareness and decision-making—predicted
the treatment response. The patients who have
higher rate of insula glucose metabolism than the
average metabolism rate for the whole brain
responded to pharmacotherapy, whereas those
who did not respond showed a below-average
insula metabolism rate. Moreover, MDD patients
who fail to achieve remission as a result of CBT
or escitalopram, either alone or in combination,
showed a distinct brain metabolic pattern com-
pared to patients who achieve remission (McGrath
et al. 2014): Metabolism of subcallosal cingu-
late—the portion of the cingulum that lies ventral
to the corpus callosum including Brodmann area
25 and parts of 24 and 32—was significantly
higher in non-remitters. Besides, increased activ-
ity of superior temporal sulcus—the sulcus infe-
rior to the lateral fissure and separating the
superior temporal gyrus from the middle temporal
gyrus in the temporal lobe—was also associated
with no responsiveness to two treatments. In a
follow-up study, metabolism of the right part of
the anterior insula, the cortical region folded
in the depth of the lateral sulcus, has been
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tested as treatment predictor for psychotherapy in
30 escitalopram-treated non-remitters who took
combination treatment. Results show that patients
whose added treatment matched the anterior
insula metabolism-indicated treatment remitted
more often than anterior insula metabolism-
mismatched patients (Dunlop et al. 2015). Other
clinically relative studies compare two pharmaco-
therapy options. For example, some studies
reported the predictors between two classes of
antidepressant response, but the results, to date,
have been difficult to interpret and apply clini-
cally (Little et al. 2005; Wagner et al. 2010; Frodl
etal. 2011). Nevertheless, a study of meta-analysis
(Fu et al. 2013) focusing on functional and struc-
tural neuroimaging studies of pharmacological
and psychological therapies confirmed several
brain regions within a fronto-striatal-limbic net-
work which can predict treatment outcome.

5.4  The Structural Degenerate
Regarding depression perhaps one basic question is
to ask if there is any structural difference between a
healthy brain and a depressed brain. If so, can it be
measured precisely by structural MRI?

As reviewed by Kempton et al. (2011), accu-
mulating studies of structural MRI show that
MDD is linked to larger lateral ventricle, larger
cerebrospinal fluid volume, and smaller volumes
of the basal ganglia, thalamus, hippocampus, fron-
tal lobe, orbitofrontal cortex, and gyrus rectus.

Neuroimaging studies of these structures
report associations between structural variants to
treatment response. Among these, it was proposed
that the ACC and hippocampus may provide an
estimate of response to treatment (Vakili et al.
2000). Many other studies suggest that hippocam-
pus may be used to predict treatment outcome
(Frodl et al. 2008; MacQueen et al. 2008;
Lorenzetti et al. 2009; Fu et al. 2013). Especially,
individuals during depressive episodes are associ-
ated with smaller volume of hippocampus com-
pared to individuals during remission. This is well
supported by meta-analysis approach showing
that depressed patients had significantly decreased
left and right hippocampal volumes compared

with controls (Campbell and MacQueen 2004).
Particularly, according to a meta-analysis, struc-
tural MRI studies show that there is an association
between larger hippocampal and cingulate vol-
ume with remission response to AD treatment
(Chi et al. 2015). Volumes of the left middle fron-
tal and the right angular gyri have been reported
as reliable predictors for no remitters to AD treat-
ment (Korgaonkar et al. 2014).

Also, some findings of structural measurements
may lead to differential diagnostics. For example,
when compared with patients of bipolar disorder,
patients of MDD are differentiated by larger cor-
pus callosum and smaller hippocampus and basal
ganglia. On the other hand, there is also an overlap
between the brains of MDD and BD patients:
larger lateral ventricle and subcortical grey matter
when compared with healthy controls.

One of the subjects of structural neuroimaging,
the cortical thickness, is of great interest in both
normal development and psychiatric disorders
(Fischl and Dale 2000) and may offer some other
opportunities for neuroimaging of depression.

5.5  Measuring Neural Activity
Measurement of neural activity in distinct brain
regions may be considered as another neuroim-
aging methodology useful to predict treatment
response. Indeed, such measurements as done by
functional MRI indicate an important role for
the amygdala for this purpose (Phillips et al.
2015). For example, one study reported that
greater pretreatment amygdala activity predicted
better outcome for cognitive behavioural therapy
(CBT) (Siegle et al. 2006), while the opposite
was found for the outcome of ketamine treat-
ment (Salvadore et al. 2009).

Other brain regions such as the prefrontal cor-
tex (PFC) or ACC have also been studied. For
example, a lower pretreatment activity in the ven-
trolateral prefrontal cortex during an emotional
task was associated with better response to either
fluoxetine or venlafaxine in depressed subjects
(Light et al. 2011). A lower baseline activity in
the dorsal anterior cingulate cortex was associ-
ated with an improved clinical outcome with an
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8-week treatment with fluoxetine was reported
by one study (Walsh et al. 2007).

Indeed, accumulating evidence strongly sug-
gests the activity of ACC as a predictor of a clini-
cal response to antidepressant medication or
other treatments (Ebert et al. 1991; Wu et al.
1999; Mayberg 1997) For example, a meta-
analysis suggest that ACC activity has also been
positively related to a variety of treatment
responses, including antidepressant pharmaco-
therapy and experimental treatment strategies,
such as sleep deprivation suggesting that ACC
response can be used as a general predictor across
different treatment types (Pizzagalli 2011).

Another meta-analysis focusing on fMRI and
PET studies reports that increased ACC activity
extending into the orbitofrontal cortex and decreased
baseline activation of right striatum and anterior
insula in acutely depressed patients can predict clin-
ical response to AD or CBT (Fu et al. 2013).

Some other studies focus on the classification of
depression by functional neuroimaging. One fMRI
study (Fu et al. 2008) addressed the pattern of brain
activity during the neural processing of sad facial
expressions, which correctly classified up to 84%
of patients (p < 0.0001). Moreover, this classifica-
tion of patients’ clinical response at baseline, prior
to the initiation of treatment, appears to be predic-
tive for treatment response (Fu et al. 2008).

One recent paper (Drysdale et al. 2017) has
flustered this year, bringing us inspiring news that
depression can be subdivided in to biological
types, i.e. “biotypes” (Williams 2017). fMRI
scans of more than 1100 patients with clinical
depression and healthy individuals revealed that
patients with depression can be divided into four
subtypes based on distinct patterns of connectiv-
ity in limbic and fronto-striatal networks and dif-
ferent clinical symptoms (Drysdale et al. 2017).
For instance, a finding for the reduction in the
frontoamygdala connectivity, a network involved
in the regulation of fear and reappraisal of nega-
tive emotional stimuli, led to the differentiation
depression subtypes which was most severe in
types 1 and 4. These subtypes are associated with
symptoms of increased anxiety. Reduced connec-
tivity in anterior cingulate and orbitofrontal areas,
were most severe in types 1 and 2, which were

characterized by increased fatigue. These areas
are involved in motivation and incentive-salience
evaluation. On the other hand, connectivity
involved in reward processing, adaptive motor
control, and action initiation, i.e. thalamic and
fronto-striatal pathways, was especially promi-
nent in type 3 and type 4, related to increased
anhedonia and psychomotor retardation. These
four subtypes of depression were also associated
with differences in treatment outcome.

Conversely these data suggest that measures
of activity in the ACC, medial prefrontal cortex,
and amygdala may suggest guidance for treat-
ment selection between CBT and pharmacother-
apy as well as between different options of
pharmacotherapy. Moreover patterns of connec-
tivity in limbic and fronto-striatal networks may
be used to classify depression subtypes. However
more studies are required.

5.6 The Connectivity Problem
Studies focusing of structural connectivity show
that patients with MDD is consistently associated
with a decreased fractional anisotropy in the
white matter fascicles connecting the prefrontal
cortex within cortical (frontal, temporal, and
occipital lobes) and subcortical areas (amygdala
and hippocampus) (Liao et al. 2013). Moreover,
one study reports that lower frontal fractional
anisotropy is associated with sertraline response
in late-life depression, for example (Taylor et al.
2008). Are these features specific to MDD or
common in other depression subtypes or other
psychiatric conditions? This is crucial to identify
the prognostic and diagnostic potential of DTI
measurements. The current evidences require
further investigation of this matter as the number
of studies and sample sizes are very small. For
example, the study of Liao et al. (2013) included
11 studies with a total sample size of 231 patients
with MDD and 261 comparison participants.
Thus, more studies with standardized patient
groups with increased sample sizes are required.
On the other hand, studies of structural and
functional analysis of MDD are increasing (Qin
et al. 2014; Korgaonkar et al. 2014; Lai and Wu
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2014; Song et al. 2014; Colle et al. 2016; Choi
et al. 2016; Won et al. 2016; Grieve et al. 2016;
Myung et al. 2016; Tatham et al. 2017; Tymofiyeva
et al. 2017; Petrovska et al. 2017; Repple et al.
2017; Takeuchi et al. 2017; Chen et al. 2017;
Connolly et al. 2017). Especially, studies of com-
bined analysis of WM connectivity, antidepressant
response, and/or genetic variation are taking atten-
tion as candidates of biomarkers for MDD. One
study, suggests FA measures of the stria terminalis
and cingulate portion of the cingulate bundle (CgC)
as prognostic biomarker to identify nonremission
to drug therapy (Grieve et al. 2016). Greater speci-
ficity for escitalopram and sertraline response has
been found in the identification nonremitting MDD
patients, which may help managing the drug ther-
apy of depression. Also, resting-state functional
connectivity of the amygdala has been linked to
longitudinal changes in depression severity in ado-
lescent depression (Connolly et al. 2017).

Another study reported an association between
polymorphisms in the genes encoding for
5-HTTLPR and BDNF and uncinate fasciculus
connectivity and antidepressant treatment
response in MDD (Tatham et al. 2017). Other dif-
fusion MRI studies showed a positive relation-
ship between the fractional anisotropy of the
cingulum bundle and remission. White matter
signal hyperintensities were also found as predic-
tive for remission rates (Chi et al. 2015).

Many other studies reported potential neuro-
imaging biomarker that could identify the out-
comes of remission and treatment failure to AD
treatment or CBT. For instance, an fMRI study
published recently reports the resting-state func-
tional connectivity analysis to determine any
potential biomarker as predictor for outcomes of
remission and treatment failure to CBT and AD
treatment (Dunlop et al. 2017). Results show that
the resting-state functional connectivity of the
left anterior ventrolateral prefrontal cortex/insula,
the dorsal midbrain, and the left ventromedial
prefrontal cortex with the subcallosal cingulate
cortex is differentially associated with outcomes
of CBT and AD treatment. Thus, resting-state
activity in these areas in the future may serve as a
criterion for the type of first-line treatment that
will most likely lead to remission.

5.7  Clinical Trials

The proposition of depression models especially
by PET scans (Mayberg 1997, 2009) was one of
the important contributions to our understanding
of depression as these depression network mod-
els can be used to optimize the antidepressant
effect of treatment to more precisely target net-
works relevant in depression, for example.
Addressing these several clinical trials is already
on the way.

As neuroimaging studies converge on founda-
tions of neural connections between the cingulate,
internal capsule, and other regions of the brain
associated with MDD (Dyster et al. 2016), surgi-
cal approaches such as deep brain stimulation
(DBS) or cingulotomy (Banks et al. 2015) get
facilitation for planning and refining or predicting
outcomes in psychiatric neurosurgery. For
instance, a clinical trial (NCT003670032) is
designed to assess the feasibility of stimulation of
the subgenual cingulate white matter (Cg25WM)
using implantable deep brain stimulation (DBS)
for the treatment-refractory major depression.

Other targets for DBS under investigation for
clinical potential are trial for lateral to the ventral
tegmental area in the midbrain (NCT01095263).
An ongoing clinical trial (NCT019847101)
involves the patients of treatment-resistance
depression, which will be implanted by the “brain
radio” system in the subcallosal cingulate cortex to
stimulate that area with electricity, to reset the
regulation of the network. This effect, as supported
by previous experimentation, is expected to result
in a significant antidepressant response. The study
is also aiming to record patients over 3 years,
while they receive electric stimulation. The record-
ings will be correlated with the primary clinical
response which altogether helps understand neu-
robiology of depression and the antidepressant
response.

Conclusion

A scan of a depressed brain often shows a pat-
tern of increased neural activity in amygdala, a
brain region involved in fear and emotional
response and decreased neural activity in the
regions of prefrontal cortex which is involved
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in executive control. Accumulation of such
neuroimaging findings leads to the proposition
of molecular, structural, and functional brain
states, which may be used for diagnosis or pre-
diction of treatment outcome (Crane et al.
2017). Among these, limbic-cortical circuit-
ries have been identified as the key brain net-
work that may guide treatment of depression.
Thus, in this chapter, studies addressing these
links have been presented such as hippocam-
pal and cingulate volume as the predictor of
AD response (Chi et al. 2015), activity of
amygdala as a predictor of CBT response
(Siegle et al. 2006), and activity of ACC as a
predictor of a clinical response to antidepres-
sant medication or other treatments (Wu et al.
1999; Mayberg 1997; Pizzagalli 2011). Several
clinical trials, targeting these and other associ-
ated regions were described (see also Sect.
5.7). In addition, whole brain neuroimaging
measures and pattern classification methods
were underlined as they may aid diagnosis and
prognosis. Especially limbic and fronto-striatal
network-based classification (Drysdale et al.
2017) seems promising (see also Sect. 5.5).

On the other hand, neuroimaging and its
utility for clinics and especially for depression
are still a relatively new field with its own
intrinsic problems such as reproducibility,
inconsistency, and validity. For example, neu-
roimaging studies especially functional neuro-
imaging with “puzzlingly high correlations”
or “entirely spurious correlations” were highly
criticized (Vul et al. 2009; Bennett et al. 2009).
Sirotin and Das (2009) claimed that
“Anticipatory haemodynamic signals in sen-
sory cortex not predicted by local neuronal
activity” suggesting that the BOLD signals of
functional MRI (fMRI) can arise without any
measurable neuronal activity, despite objec-
tions (Handwerker and Bandettini 2011;
Kleinschmidt and Miiller 2010).

Thus, more analysis with well-coordinated
standardized, better planned neuroimaging
studies with increased sample size and accu-
rate analytics is required. Yet, the field is devel-
oping rapidly (Dubin et al. 2017). For example,
initiatives like Research Domain Criteria

(RDoC), classification framework for research
on mental disorders (Insel et al. 2010), will
increasingly contribute standardization of neu-
roimaging studies. Other initiatives such as the
Consortium for Reliability and Reproducibility
(CoRR), aiming to establish test-retest reli-
ability as a minimum standard, will trigger
development of new methodologies for func-
tional connectomics (Zuo et al. 2014).

In parallel, there is growing evidence that
opportunities of better data quality of neuroim-
aging are increasing. For example, one study
(Glasser et al. 2016) by using the information
derived from structural and functional MRI
data mapped the 180 areas per brain hemi-
sphere—more than twice the number previ-
ously known. This in turn suggests a better
analysis of individual variations in brain corti-
cal architecture, functionality, connectivity,
and topography for better understanding of
neurobiology, personalized and predictive
treatment, and prevention of mental disorders
(Trivedi et al. 2016). Moreover, another study
reported the use of a radioligand of synaptic
vesicle glycoprotein for (PET) to quantify syn-
aptic density in living human brains (Finnema
et al. 2016). This brings the possibility to per-
form an in vivo synaptic quantification which
could aid the diagnosis of disease associated
with synaptogenesis and synapse loss.

In summary, the continuous progress
described so far, together with well-coordi-
nated standardized, better planned neuroim-
aging studies, will help produce better
consistent data which will contribute our, so
far limited, knowledge of depression leading
to the identification of biomarkers for person-
alized, prognostic, predictive, and preventa-
tive medicine.
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Pathophysiological Voice Analysis
for Diagnosis and Monitoring

of Depression

Shinichi Tokuno

6.1 Introduction

The diagnosis of depression is ordinarily con-
ducted by a psychiatrist using an interview.
However, when screening an extremely large
population for stress or depression, it is impossi-
ble for a psychiatrist or clinical psychologist to
conduct an interview with each and every sub-
ject. Therefore, the method commonly applied in
such cases involves screening using a self-
assessment questionnaire, which leads to an
interview with a psychiatrist or a clinical psy-
chologist. A self-assessment questionnaire, how-
ever, is based on a subjective self-assessment by
the subject, and, as such, it has a tendency for
significant bias. Therefore, what is expected is
screening based on objective indicators by bio-
markers. In recent years, extensive studies have
been conducted on biomarkers relating to stress
and depression; nevertheless, none of them have
reached the practical level, yet tests conducted on
blood and saliva generally tend to offer more reli-
able information on the subject; however, these
tests are invasive and involve cost consideration
issues, as special equipment and reagents are
required to perform such measurements.
Physiological methods are less invasive but are
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problematic because the information can vary
owing to a variety of factors. Recently, voice
screenings for stress and depression have been
reported. Methods involving the screening of
voices offer advantages, such as the lack of a
requirement for special equipment, low running
cost, as well as the possibility for remote proce-
dures. This paper discusses the potential for
screening voices to monitor stress and depression.

6.1.1 Depression and Voice

The occurrence of atypical characteristics in the
quality of the voices of depression patients has
been observed clinically for a considerable
amount of time (Newman and Mather 1938;
Cobb et al. 1943; Moses 1954). Much effort has
been devoted to subjectively categorizing such
characteristics (Darby 1981; Darby et al. 1984).
On the other hand, attempts have also been made
to objectively evaluate the voice of depression
patients. Hargreaves and his associates attempted
to perform a spectral analysis of the voices of
depression patients (Hargreaves et al. 1965).
Weintraub discovered that depression patients
tend to speak slowly (Weintraub and Aronson
1967), while Szabadi and colleagues proposed
that this slow speech was affected by the pause
time (Szabadi et al. 1976). Almost concurrently,
most of studies were attempted based on the fun-
damental frequency of voice (FO), and many find-
ings were based on comparisons of average
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values of the FO (Newman and Mather 1938;
Tolkmitt et al. 1982); however, Darby and Hollien
compared the variance of FO instead (Darby and
Hollien 1977). More detailed FO analyses started
in the second half of the 1980s (Nilsonne et al.
1988; Scherer 1987). Nilsonne and her associates
provided a detailed introduction to a method that
uses a computer program to analyze FO. Scherer
conducted an analysis of the voice of depression
patients using a voice characteristic referred to as
“jitter” which is frequency fluctuation and “shim-
mer” which is amplitude fluctuation and discov-
ered that the jitter was higher in the voice of
depression patients. Another report indicated that
a voice characteristic referred to as the harmonic-
to-noise ratio (HNR), used to evaluate hoarseness
of voice, was greater in individuals with depres-
sion (Low et al. 2011). Analyses have been con-
ducted on the formant frequency, defined by the
resonance formed when the vibration of the vocal
cord passes through the vocal tract (Flint et al.
1993; Cummins et al. 2011). The shimmer, jitter,
and HNR are feature quantities considered funda-
mental to sound analysis, and various studies are
currently being conducted using software capable
of analyzing several thousand feature quantities
(Eyben et al. 2010). An attempt has also been
made to identify ailments based on machine learn-
ing and deep learning by using large numbers of
feature quantities (Maxhuni et al. 2016).

6.1.2 Emotion and Voice

Efforts to estimate and scale the emotions of peo-
ple based on their voice began approximately in
the 1990s, when the evaluation of depression
based on voices became popular (Cahn 1990;
Murray and Arnott 1995). Evaluations of emo-
tions were conducted primarily using formant
analysis (Cahn 1990; Murray and Arnott 1995;
Burkhardt and Sendlmeier 2000). This may be
because research on speech and languages
became popular and software development
advanced. The analysis of the formant region is
strongly affected by the vocal tract and indicates
voluntary emotional changes. Capturing more
primitive involuntary components (rapid emo-

tion) is difficult for all types of emotions. For that
reason, prosodic rules are often employed in
addition to formant analysis in recent years. In
the same era, Mitsuyoshi developed a technology
for identifying emotions by using only FO analy-
sis, which is a prosodic feature value.

The expression of emotion is inhibited by
depression. The manifestation of depression, sor-
row, or loss of joy daily for 2 weeks is considered
as the standard for diagnosis for depression,
according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR). We therefore con-
sidered that deriving an objective index for
depression must be possible by capturing emo-
tional changes (Mitsuyoshi 2015).

6.2 Voice Emotion Recognition

6.2.1 Sensibility Technology
Our system is based on the emotion recognition
technology (sensibility technology, ST; AGI Inc.,
Tokyo, Japan) developed by Mitsuyoshi and his
associates (Mitsuyoshi 2002), who focused on FO
changes during conversation and selected the FO
variation parameters in a voice labeled for emo-
tions. They then extended that to many FO varia-
tion parameters, which were labeled for emotions.
The labeling of emotions in voices consisted of
the four emotions of joy, sorrow, anger, and calm-
ness, as well as a fifth aspect, excitement. The
labeling of a voice for FO was conducted using
voice in which judgment of emotion and excite-
ment by speaker, listener, and third party matches.
ST determines in real time what percentage of
each emotion and excitement parameter is con-
tained in the voice by the parameter of FO-labeled
emotion (Mitsuyoshi et al. 2006, 2007).
According to fMRI studies, emotions deter-
mined with ST have been reported to almost
coincide with emotional activities of the brain. In
this research, conversations conducted with test
subjects during fMRI measurements confirmed
that the activities of the amygdaloid corpus of the
right hemisphere, the bottom of the forehead (in
the vicinity of BA12), and the prefrontal cortex,



6 Pathophysiological Voice Analysis for Diagnosis and Monitoring of Depression 85

which are emotional region of the brain, coin-
cided (Mitsuyoshi et al. 2011).

In Japan, ST is no longer limited to the enter-
tainment domain, portable games, and smart-
phone applications but is also being utilized in
industries such as call centers. Currently, imple-
mentation development on automobiles and
robots is progressing.

6.2.2 Emotional Changes
Due to Stress

We conducted a verification test to determine
whether emotional changes due to stress can be
captured using ST (Tokuno et al. 2011). The
voices of nine individuals who were dispatched
overseas with disaster duties were acquired.
Those who worked in a stress-full environment
for a long time showed a tendency that joy
decreased and sorrow increased as compared
with those who worked in a similar environment
for a short time (Fig. 6.1). However, significant
individual differences were observed in emo-
tional changes due to stress, and it was concluded
that a detection of depression solely based on a
comparison of emotions is difficult. On the other
hand, a discovery that confirmed the correlation
between emotions derived by ST and GHQ-30
scores was made by another study (Nakamura
et al. 2015). This research indicated that there
was correlation between the emotional index of
anger and the GHQ-30 scores, as well as between
the index of excitement and suicidal ideation and
depression, which scored at the lower scales of
the GHQ-30. An investigation of the correlation
between the amount of change of voice emo-
tional indicators and GHQ score on two different
time examinations indicated a correlation of the
amount of change in the emotional index with
that in the GHQ-30 scores, while the amount of
change in the emotional index of joy exhibited
correlation with that in “general disorder trends,”
“physical conditions,” and “social activity disor-
ders,” which score at the lower scales of the
GHQ-30. Based on these findings, mental health
state screening through voice emotion recogni-
tion was considered possible.

6.3  From Emotional Recognition
to Pathologic Analysis
6.3.1 Development

of Psycho-Analyzer

A program (psycho-analyzer; AGI Inc.) that pro-
vides a prototype for determining the extent of
stress based on the stress indices (joy, sorrow,
anger, calmness, and excitement) derived by ST
was prepared (the relevant paper is currently
being drafted). The research defined an algorithm
for quantifying the intensity of the emotional
state recognized by ST based on the characteris-
tics of mood disorders which is defined by the
DSM-IV-TR. In other words, the emotional char-
acteristics of the voice, which were derived by
voice emotion analysis, were calculated as vocal
affect displays (VADs). Based on the emotional
indices derived by ST, the low VAD (VAD-L),
which indicates negative emotional states, and
the high VAD (VAD-H), which indicates positive
emotional states, were calculated. These were
then used to derive the scale of the VAD ratio
(VAD-R). First, the algorithm for calculating
VAD-L focuses on the excite parameter of ST
and classified roughly according to the value of
excite. Next, VAD-L was determined with the
focus on anger and joy. The algorithm for calcu-
lating VAD-H was classified roughly according
to the value of excite similarly; then, VAD-L was
determined with the focus on sorrow and calm-
ness. The VAD-R value was defined as the ratio
of VAD-L to VAD-L. The application of this
method to the nine individuals described earlier
obtained a result that indicated that the individu-
als who remained in the disaster area for longer
periods of time had greater VAD-L and VAD-R
and lower VAD-H in comparison to those who
remained in the area for shorter periods of time.

6.3.2 Overcoming Reporting Bias

We conducted an evaluation of individuals on a
greater scale than this prototype (psycho-
analyzer) (Tokuno et al. 2014). Psychological
tests consisting of self-assessment questionnaires
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Fig. 6.1 Emotional change due to stress. Those who
worked in a stress-full environment for a long time
showed a tendency that joy decreased and sorrow

(GHQ-30 (Goldberg and Blackwell 1970); K10
(Kessleret al. 2002); IES-R (Weiss 2004); CES-D
(Radloff 1977); eC-SSRS (Mundt et al. 2010,
2013)) and voice stress evaluations were con-
ducted on 444 employees of the Japan Self-
Defense Forces (JSDF) who were assigned
ordinary routine duties and 1004 employees of
JSDF dispatched on emergency duties following

increased as compared with those who worked in a similar
environment for a short period (Tokuno et al. 2011)

the Great East Japan Earthquake. Two hundred
and twenty-five individuals who were determined
to be abnormal in even one of the five psycho-
logical tests and consented to an interview were
categorized by a single specialist (a specialist that
is unique to JSDF, equivalent to a clinical psy-
chologist) into two groups: one in need interven-
tion (medical treatment or counseling required)
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and one under observation. The voice-based
stress evaluation was then compared with the
results of the interviews. The emotional analysis
revealed that all emotions of joy, anger, and sor-
row were observed to have declined in the mem-
bers of the group needing intervention.
Furthermore, a comparison with the findings
from the GHQ-30, which demonstrated the high-
est sensitivity among all self-assessment ques-
tionnaires, indicated approximately the same
level of sensitivity in determining the level of
depression, whereas in terms of specificity, the
results did not compare with those of the GHQ-
30 (Table 6.1). The voice-based evaluation
assessed that two participants were highly
stressed, although they exhibited no problems
according to the GHQ-30; however, during the
interview, they were immediately diagnosed with
serious conditions that required urgent medical
treatment. In other words, the voice-based evalu-
ation allowed the prevention of the reporting bias
that occurs with self-assessment questionnaires
(Fig. 6.2). The reporting bias is a conscious or

Table 6.1 The comparison between voice analysis and
self-assessment questionnaires

Need
intervention
Voice analysis + -
VAD- 50=< |26 |162 188 | Sensitivity,
L 50> | 3 | 34 37 | 0.897;
Specificity,
2 1
? % 0.173; Positive
predictive
value, 0.138;
Negative
predictive
value, 0.919
Need
Self-assessment | intervention
questionnaires | + -
GHQ- |7=< 27 123 150 | Sensitivity,
30 7> 2 | 73 75 0931
Specificity,
2! 1
? % 0.372;
Positive
predictive
value, 0.180;
Negative
predictive
value, 0.973

subconscious undervaluation or overvaluation by
the test subjects. Its detection rate has been
reported to be lower within organizations with
established hierarchy, such as fire departments,
police departments, or military organizations
(Hoge et al. 2004; Perrin et al. 2007; McLay et al.
2008). Resistance, prejudice, and discrimination
against mental health issues or insecurity about
repercussions in their professional careers can be
reasons that cause such undervaluation in self-
assessment screening (Hoge et al. 2004). Our
study suggested that by combining self-written
questionnaires and evaluations by voice, it would
be possible to pick up patients who could not be
screened with self-contained questionnaire alone
due to reporting bias.

6.4  Monitoring System

6.4.1 Development of MIMOSYS
The voice-based stress evaluation with the psycho-
analyzer obtained favorable sensitivity but was not
satisfactory with regard to specificity. It also
involved other issues, such as deference in the
results between males and females. To overcome
such issues, we developed a new program and an
application for smartphones to facilitate the use of
the program. This application is called MIMOSY'S
(Mind Monitoring System; PST Inc.) (Tokuno
2015a, b; Omiya 2016; Omiya et al. 2016).
Excitement, anger, and joy were used to calcu-
late VAD-L, with the psycho-analyzer. However,
MIMOSYS first calculates an index referred to as
“vivacity” for joy, which tends to be greater for
females, and sorrow, which tends to be greater
for males, while the index referred to as “relax-
ation” was similarly calculated for calmness and
excitement. This was followed by the calculation
of the index “vitality,” which represents the state
of the mind based on vivacity and relaxation
(Shinohara et al. 2015; Mitsuyoshi 2016)
(Fig. 6.3). By conducting such dual-level calcula-
tions, we successfully eliminated the difference
between males and females (Fig. 6.4). The vital-
ity index is an index characterizing a positive
emotional state, and, as such, it decreases owing
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Fig.6.2 Emotional change due to stress. Self-assessment
psychological tests and stress assessments by voice were
conducted on 444 SDF personnel who are in constant
operation and 1004 SDF personnel dispatched during the
Great East Japan Earthquake. Among them, for 225 peo-
ple who approved clinical psychologists’ interview, we
compared the result of GHQ-30 with the voice stress eval-
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uation. Two were judged to be normal in GHQ-30 and
high stress was judged in voice. They were judged to be a
serious case requiring medical treatment immediately at
the interview. We thought that the reporting bias could be
overcome by voice evaluation (Tokuno et al. 2014:
Revised from presentation slide)

Mind Monitoring

Joy
Anger ivaci
ge . Vivacity . < > %
Sorrow 2 ==
< =
Calm Relax .
Exite
P ———— W = anuo e
(¥} E N L EE -- :—t

| — bt
"

A e e — -

wERD,,

T T

Fig. 6.3 Vitality and mental activity in MIMOSYS. In
MIMSYS (Mind Monitoring System), in order to elimi-
nate gender differences, we first calculated vivacity index
from joy that tends to be higher in women and sorrow that
tends to be higher in men and similarly calculated indices
of relaxation from calm and excite. Then, from the values

to stress reactions or a depressed state. Based on
previous data (Tokuno 2016), the sensitivity of
the vitality index was confirmed to be similar to
that of VAD-L. However, no difference was
observed in terms of specificity from that of
VAD-L. Therefore, the difference between the
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of vivacity and relaxation, we calculated the index called
vitality as an indicator of the condition of the mind.
Furthermore, we devised an index called mental activity,
which is an index that adds the moving average of vitality
and the variation of that period (Mitsuyoshi 2016:
Presentation slide)

vitality distributions of depression patients and
healthy individuals was investigated. In this pilot
study, when multiple measurements of an indi-
vidual subject were obtained, it became evident
that the vitality index of depression patients had
lower values, whereas that of healthy individuals
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Fig. 6.4 Gender difference in VAD-L and vitality. We compare VAD-L and vitality with 38 male and female each.
Vitality succeeded in excluding gender differences by calculating in two steps

was distributed over a wide range, with occasion-
ally very high and very low values. We proposed
an index referred to as “mental activity,” which
considers the average change of vitality and its
variation within a given period; we consider this
distribution difference to correspond to the dif-
ference between depression patients and healthy
individuals. A period of 2 weeks was adopted as
the average period of transition, as indicated by
the DSM-IV-TR. The mental activity index indi-
cates the trend of vitality and its implementation
allows the distinction between healthy individu-
als and depression patients with sufficient sensi-
tivity and based on specificity (Tokuno 2016).
Vitality may be considered as an instantaneous
index on the time when the voice is recorded,
while mental activity can be considered a
medium- to long-range index. Using these indi-
ces together can describe the current mental state
of an individual.

Subsequently, we produced a smartphone
application to make this technology available for
general use by a wide range of people. Methods
for capturing voice using a smartphone include
the automatic recording of voices from a
conversation conducted during an ordinary tele-
phone call, as well as the recording of voices by
manually starting an application. In manual
recordings, methods for recording freely spoken
speech and the subject reading a prescribed text
are also available. Although freely spoken speech

tends to manifest emotions more readily, there
are often occasions where the speaker becomes
hesitant, not knowing what to talk about. We
adopted the automatic recording system for voice
conversations from telephone calls, which can be
used without the user becoming conscious of the
process. This decision was made because we
believe that a system that does not require any
special operation on the part of the user would be
more likely used for longer periods of time.
Actually, it has been confirmed that the automatic
recording of conversations facilitates the acquisi-
tion of data over a longer period more than the
manual recording of prescribed text (Hagiwara
et al. 2016a, b). The application MIMOSYS
starts automatically when a telephone is used to
make or receive a call and records only the voice
of the user. Voice analysis is performed after the
call has been terminated and the results are dis-
played to the user. Once the analysis has been
completed, the voice recording is deleted auto-
matically. Previous results can also be viewed by
operating the application. To easily illustrate the
levels of vitality and mental activity, the vitality
index is displayed on a meter, while mental activ-
ity is shown in a symbolic image with five stages
(Fig. 6.5). The vitality and the mental activity
levels are only displayed for each measurement,
but it is also possible to present the chronological
changes of both indices in a graph. A review on
the graph is expected to help provide insight
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Fig. 6.5 Screen display of MIMOSYS. For ease of image, vitality is displayed with a meter, and mental activity is

displayed in a symbolic five-level image

regarding changes and trends to illustrate the
behavioral transformations of the user (Tokuno
2015a, b; Omiya 2016; Omiya et al. 2016).

6.4.2 Medical Verification
of MIMOSYS

We released the application to the general public
to verify the effectiveness of MIMOSYS. The
number of downloads reached 3400 in a year and
half since the release, and approximately 1000
users are currently using the application. Since
the use of the application began, a self-assessment
questionnaire (Beck Depression Inventory, BDI)
evaluation has been conducted every 3 months
(Beck 1961; Beck et al. 1961). Various results
were obtained from the analysis of 1 year after
starting the research. For instance, vitality and
mental activity were both lower in females than in
males; in other words, a higher depression ten-
dency was confirmed for females than for males
(Fig. 6.6). The same trend was indicated by the
concurrent BDI, and this result is believed to be
accurate considering that there are more female
than with male depression patients in Japan. It
also became evident that vitality and mental activ-
ity were influenced by age, income, and even the
extent of obesity (Tokuno 2016). The Kumamoto

Earthquake occurred during the course of this
research, and a small number of studies were con-
ducted before and after the earthquake. A com-
parison of such results for the seismic epicenter
and the surrounding areas indicated different
changes. Although no significant changes were
confirmed before and after the earthquake in other
areas, regions that sustained damages from the
Great East Japan Earthquake 5 years ago were
confirmed to have experienced changes that dif-
fered from those observed in any other areas.
Since no other investigations have been con-
ducted, this is purely a speculation; however,
these changes may portray psychological changes,
such as PTSD (Tokuno et al. 2016) (Fig. 6.7).

We compared speech evaluation with blood
biomarkers in another study. We have reported
that during military training conducted in an
extremely stressful environment, there is a
decline in the brain-derived neurotrophic factor
(BDNF) and the vascular endothelial growth fac-
tor in the blood (Suzuki et al. 2014). Subsequently,
an investigation conducted in approximately the
same environment confirmed that the vitality
scores obtained from the BDNF and MIMOSYS
and the GHQ-30 changed with the same trends
(Tokuno 2016).

An industrial hygiene survey derived a weak
correlation based on a voice-based evaluation of
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be more depressed. The same trend is also shown in BDI
which was done at the same time (Tokuno 2016: presenta-
tion poster)
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Fig.6.7 Psychological impact of Kumamoto Earthquake.
There is a big earthquake in Kumamoto, the west part of
Japan, thus we investigate the effect of the disaster on the
mind of residence. In the comparison of before and after
earthquake, different reaction depending on the region has
been observed. The largest swing areas which close to the
epicenter, initially, the mind health score is inclined to
depressive tendency strongly, then it tends to be somewhat

recovery was seen. In a little remote area from the epicen-
ter, it was mutated to gradually depressive tendency after
the earthquake. In areas affected by the disaster in the
Great East Japan Earthquake 5 years ago, tendency to
gradually become high was observed after the earthquake.
It might be affected by flashback of post-traumatic stress
disorder (PTSD). In other areas, there was no particularly
significant change (Tokuno 2016: presentation poster)
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the BDI score when comparisons were made at
ordinary businesses using utmost care to ensure
that no reporting bias was involved (Hagiwara
et al. 2016a, b). In some reported cases, the
results of continuous monitoring with MIMOSYS
led to referrals of patients to industrial physicians
(Miyazaki 2016). Continuous monitoring using
MIMOSYS can detect depression states that are
caused by stress originating from changes in the
environment associated with work, and it has
been confirmed that this can be effective in
implementing countermeasures against early res-
ignations from work (the relevant paper is cur-
rently being prepared).

This system is also useful for determining the
effectiveness of medical interventions, and we
have reported that it can also be used to deter-
mine the efficiency of a stress resilience program
(Shinohara et al. 2015; Miyazaki 2016). We
implemented the stress resilience program devel-
oped by the JSDF for 100 volunteers from the
JSDF and measured its effect. The program con-
sisted of a course of 15-min sessions 5 days every
week for a total of 50 days. After participation in
the course, a decline in the GHQ-30 was observed
in personnel that participated in 13 or more ses-
sions (Tokuno et al. 2013). Additionally, an
improvement in vitality was observed in person-
nel who participated in 13 or more sessions
(Shinohara et al. 2015) (Fig. 6.8). A variety of
data is currently being collected to ensure that
depression screenings become more reliable and
to verify the possibility of judgment of treatment
effect by depression.

6.4.3 Engineering Verification
of MIMOSYS

Various engineering verification studies have also
been conducted to expand the range of applica-
tions of MIMOSYS. For example, voice is coded
for transmissions over telephone lines. The cod-
ing includes irreversible processes focusing on
the reproduction of voices that are easier to com-
prehend, which incorporates the aural character-
istics of people. The analysis results of a variety
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Fig. 6.8 Determining the effect of stress resilience pro-
gram by voice. We invited 100 SDF personnel to partici-
pate in the stress resilience program developed by the
Japan Self-Defense Force and measured its effect. The
course is 15 min per week, 5 days a week, 50 days in total.
Members who participated in this course more than 13
times showed improvement in vitality before and after the
course in members who participated 13 times or more

of codings were compared to investigate the
impact of coding. These confirmed a sufficient
correlation between the analysis results before
and after the coding and verified that the impact
of coding is not very strong (the relevant paper is
currently being drafted). This suggests that anal-
ysis can be performed on either the initiator or
the receiver of a telephone call. In other words, in
cases where medical treatments are provided
remotely and interviews are conducted via tele-
phone lines, the voice of the patient can be ana-
lyzed by the provider of the medical treatment.
This means that the same level of service can be
provided even to patients that do not own a
smartphone.

6.5 Remaining Challenges

6.5.1 Verification on Nonlanguage
Dependence

Our technology utilizes FO and, as such, it is theo-
retically independent of language. Since almost all
existing studies were conducted in Japan, no evi-
dence of language independence exists. We there-
fore recruited research collaborators overseas to
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start joint studies for verification using multiple
languages. Thus far, the verification has begun
for a limited number of languages, and we plan to
increase the number of partners for joint studies
in the future.

6.5.2 Differentiation of Depression

MIMOSYS is a technology based on emotion
recognition and detects the suppression of emo-
tional manifestations due to depression. It was
therefore not possible to differentiate healthy
individuals that were feeling unhealthy from
those that were in a state of depression or suffer-
ing from depression based on vitality. For this
reason, an index referred to as “mind activity”
was conceived by considering the continued dis-
appearance of joy and persistence of sorrow over
longer periods. However, this method has diffi-
culty in distinguishing a variety of mood disor-
ders. In other words, while MIMOSYS is useful
for observing the progress of rough screening or
already diagnosed depression, including the
effectiveness of treatments, it is however not pos-
sible to use mind activity to differentiate between
major unipolar depression and bipolar depres-
sion. Naturally, it would be possible to diagnose
a patient with bipolar disorder by follow-up
observation. However, it would be more desirable
to differentiate such disorders, for which treat-
ments differ, as soon as possible.

During the development of MIMOSYS, we
have been conducting research intended to dis-
cover feature quantities that are peculiar in cer-
tain disorders directly from voices and without
relying on emotions. We are approaching a
breakthrough in discovering candidates for such
characteristics (Shinohara et al. 2016) and plan to
report on the findings in the near future.

6.5.3 Differentiation from Other
Ailments

Besides the differentiation between major
depression and bipolar depression, there are a
large number of ailments that must be excluded

for the purpose of diagnosing depression.
Parkinson’s disease and dementia are such
examples. These ailments have overlapping
symptoms in their early stages and differentia-
tion can be delayed in some occasions.
Additionally, MIMOSYS is affected by ailments
that modify voice quality. This means that the
analysis results are influenced by changes in
voice quality that can occur owing to ailments
that cause vocal disorders in the otolaryngologi-
cal region or paralysis due to brain infarction, as
well as recurrent nerve paralysis. Furthermore,
people tend to manifest less emotion as they lose
resilience when an ailment is contracted, even if
the ailment is different from psychological dis-
eases. A large number of ailments can coexist
with depression, and it is difficult to determine if
the decline in vitality or mental activity that is
related to such ailments is due to the associated
depression or the deterioration of the underlying
ailment. Furthermore, voice features that are
characteristic to each ailment must be identified
without relying on emotions to resolve such
issues. We are continuing our search for charac-
teristics of voices that are peculiar for such ail-
ments and feel that we have had some solid
results for a number of ailments. However, fur-
ther research must be conducted to obtain satis-
factory results.

Conclusion
We introduced voice screening and monitor-
ing technologies used at our laboratory for
stress, depression states, and depression.

Based on the existing findings of our research,
in February 2017, a business in the area of indus-
trial hygiene launched a service using our sys-
tem. Similar activities are expanding throughout
the world and services are expected to be imple-
mented in a variety of forms.

Although a large number of issues still
remain, we hope that research in this field will
continue to progress in the future.
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Anhedonia as a Crucial Factor
of Depression: Assessment,
Neurobiological Underpinnings

and Treatment

Troy K. Chow, Sidney Kennedy, and Sakina J. Rizvi

7.1 Introduction

Major depressive disorder (MDD) currently
remains one of the leading causes of global dis-
ability and has significant personal, societal and
economic burden (Lam et al. 2016; World Health
Organization 2017). MDD can be defined by a
myriad of symptoms; however, at least one of
two core symptoms must be present. The first of
these core symptoms, “a low mood or a feeling of
sadness” is a defining symptom of MDD for
many. The second of these symptoms is the pres-
ence of anhedonia, historically characterized as a
“loss of pleasure”. More recently, anhedonia has
received increased recognition due its potential
contribution to the prediction of MDD diagnosis,
treatment response and remission (McMakin
et al. 2012; Rawal et al. 2013; Uher et al. 2012).
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This chapter will provide an update on the cur-
rent literature of anhedonia in the context of
MDD. Specifically, this chapter will highlight the
neurobiology, measurement and treatment of this
core symptom of MDD.

Traditionally, conceptualizations of anhedonia
have focused on the consummatory aspect of
pleasure; however, this simplified definition leads
to difficulties in the precise measurement and
study of anhedonia (Rizvi et al. 2016). Increasing
neuroscientific evidence suggests anhedonia is a
more multi-faceted construct that involves inter-
est, anticipation, motivation, effort, expectation
and consummatory pleasure (Rizvi et al. 2016;
Treadway and Zald 2011). In line with this, there
has been an emphasis towards refining the con-
struct of anhedonia and to integrate the underly-
ing neurocircuitry involved in the processing of
rewarding stimuli. Ultimately, any deficit in the
neural processing of reward could lead to the
clinical symptom of anhedonia.

7.2  Reward Processing Models

Reward processing models describe the facets of
reward-seeking behaviour and their interactions.
One conceptualization of reward processing is
the Positive Valence System (PVS) from the
Research Domain Criteria (RDoC), a National
Institute of Mental Health framework for bio-
marker research in mental disorders (Insel et al.
2010). The goal of RDoC is to utilize a dimen-
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sional approach across “units of analysis” (genes,
brain circuits, self-reports) to evaluate causes of
mental illness rather than a single predictor in
isolation (Hess et al. 2016; Vengeliene et al.
2017). The PVS is not a model of reward process-
ing, per se, but a suggested starting point for the
constructs pertinent to a reward processing model
which include the ability to make a reward-
stimulus association, motivation, effort, expecta-
tion and consummatory pleasure. A model based
on Kring and Barch (2014) has been put forth to
depict the associations among these constructs
(Fig. 7.1) (Rizvi et al. 2016). It is important to
note that, while reward processing is depicted as
a linear process, the facets may act in parallel or
vary according to the situation.

Based on the Fig. 7.1 model, the reward pro-
cess is described as initially building a stimulus-
reward association, which then leads to interest/
desire, anticipation, motivation, effort, hedonic
response and feedback integration. After a
reward-stimulus association has been estab-
lished, an interest in the rewarding stimulus can
then develop. Importantly, interest in reward is
important to be able to anticipate it or to develop
a “wanting” for a reward (Rizvi et al. 2016). The
brain also needs to calculate the energy required

to obtain the reward. Motivation describes the
initial energy expenditure to obtain a reward, and
effort describes the sustained energy expenditure.
In other words, motivation is required to start the
process of reward obtainment, and effort is
required to continue this process.

Outcome following reward can be negative,
positive (pleasurable) or neutral. Consummatory
pleasure describes the pleasure experienced by
an individual as they directly interact with a stim-
ulus. Based on the outcomes from previous
stimulus-reward associations, individuals
develop expectations of reward. These expecta-
tions may relate to whether a reward will be pres-
ent, the likelihood of attainment and magnitude
of experienced pleasure or the effort required to
obtain it. Reward expectations may influence
other facets of reward such as the level of antici-
pation experienced or motivation to attain a
reward (Rizvi et al. 2016). In particular, expecta-
tion can also affect the original stimulus-reward
association through feedback integration, which
is the ability to utilize new information to update
existing knowledge of a potential reward. This
reward learning ability is crucial to maintain
accurate expectations and associations of the
stimuli for future encounters. For example, there

Activate Reward

Association

Interest Feedback Integration
Expectation

Anticipation Pleasure/liking
Compute
Effort
Motivation Expend Effort
Compute

Action Plan

Fig.7.1 Model of reward processing (Modified from Kring and Barch 2014)
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may be only certain contexts where a stimulus is
rewarding or a stimulus may no longer be reward-
ing at all. In addition, the value one places on a
stimulus can vary considerably by several factors
including the time to attainment and the magni-
tude of the reward. MDD patients demonstrate
deficits across these facets (reviewed in Rizvi
et al. 2016; Treadway and Zald 2011; Tremblay
et al. 2005), although the specific factors and
conditions that contribute to these deficits need
further exploration. Understanding the neurobi-
ology associated with the reward facets can help
to elucidate this knowledge gap.

7.3  The Neurobiology

of Anhedonia

Understanding the underlying neurobiological
underpinnings of MDD is essential to identifying
subtypes, biomarkers and targeted treatments.
Deficits in reward processing have been found to
correlate with the clinical symptom of anhedonia
(reviewed in Rizvi et al. 2016) and the above
described reward facets may have shared and dis-
tinct neurobiological mechanisms. In support of
this idea, Whitton et al. (2015) reported that sepa-
rate neurobiological pathways may partially gov-
ern the activity of each reward facet. These
pathways are superimposed over brain regions
that are primarily in the frontal lobe, although
other regions are also important.

The nucleus accumbens has long been
acknowledged as the “pleasure centre” of the
brain and has historically been tied to anhedonia
(Wong et al. 1991). However, we now have a
deeper understanding of the role of other brain
regions in reward processing, which include the
prefrontal cortex (orbitofrontal cortex, ventrome-
dial prefrontal cortex, anterior cingulate cortex),
amygdala, dorsal and ventral striatum and the
insula (reviewed in Der-Avakian and Markou
2012; Treadway 2015). The prefrontal cortex, in
particular, is involved in higher cognitive process-
ing of reward, including reward valuation, deci-
sion making, context integration and cost-benefit
analysis (Elliott et al. 2000; Grabenhorst and
Rolls 2011). The orbitofrontal cortex, dorsolateral

prefrontal cortex and ventromedial prefrontal cor-
tex are particularly involved in these processes
(reviewed in Treadway 2015). In addition, evi-
dence suggests that once a stimulus has been
identified as pleasurable, the anterior cingulate
cortex (ACC) is a region involved in cost-benefit
analysis and effort-related functions required to
obtain reward (Salamone et al. 2009; Treadway
and Zald 2011; Der-Avakian and Markou 2012).
Using this information, the ventromedial PFC
(vmPFC) may be responsible for executing the
decision to carry out the reward-directed behav-
iour (Grabenhorst and Rolls 2011). Furthermore,
the vimPFC, ACC, orbitofrontal cortex and stria-
tum may also be involved in reward processing by
monitoring the rewarding properties of a stimulus
(Elliott et al. 2000; Seo and Lee 2007).
Neurotransmitter imbalances in reward pro-
cessing have historically focused on the role of
dopamine, due to its high level of expression in
the nucleus accumbens (Salamone et al. 2003).
The ventral tegmental area (VTA) is a group of
dopaminergic neurons which supplies dopamine
to other areas in the mesocorticolimbic pathway
including the nucleus accumbens and ventral
striatum. Reduced dopamine activity can result in
impaired reward function (Malhi and Berk 2007,
Salamone et al. 2003). Exposure to pleasant stim-
uli increases dopamine activity in the ventral
striatum; however, this dopamine activity may be
reduced in MDD patients (Dunlop and Nemeroff
2007). Interestingly, this reduced dopamine
activity in the ventral striatum is correlated with
anhedonia severity, but not necessarily depres-
sive symptom severity (Treadway 2015).
Furthermore, anhedonia was found to correlate
with reduced ventral striatal grey matter, which
highlights its role in reward function (Sternat and
Katzman 2016). However, preclinical findings
have helped to elucidate the role of dopamine as
being more linked to anticipation and motivation
rather than consummatory pleasure (Salamone
et al. 2003; Schultz 1998). For example, animals
with reduced levels of dopamine may still experi-
ence pleasure, but prefer low cost-low reward
options rather than high cost-high rewards.
Treadway (2015) also reported that dopamine
activity in the insula and ventral striatum had
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different effects on effort-based decision making.
Increased dopamine activity in the ventral stria-
tum was correlated with increased effort in a
dose-dependent manner; however, the opposite
trend was observed in the insula.

While substantial evidence has supported dopa-
mine’s role in anticipation, expectation, motiva-
tion and effort of reward processing, the role of
other neurotransmitter systems is less clear.
However, recent studies indicate that dopamine
does not act in isolation and that serotonin, gamma-
aminobutyric acid (GABA), glutamate and opi-
oids may play an important role in reward (McCabe
etal. 2010; Wassum et al. 2009; Wong et al. 1991).
Reduced serotonin activity has been implicated in
the preference for immediate smaller reward than
delayed greater reward in MDD. Some studies
have suggested this may be due to increased
impulsivity and desire for short-term gratification
(Der-Avakian and Markou 2012).

GABA is one of the most abundant neu-
rotransmitters in the brain and has a variety of
functions. In the context of reward, GABA has
demonstrated modulation of dopamine activity
and indirect effects on serotonin and noradrener-
gic activity (Wong et al. 1991). Importantly, some
neuroimaging studies have identified lowered
GABA concentrations in the anterior ACC and
occipital cortex of depressed patients (Gabbay
et al. 2012; Kugaya et al. 2003; Sanacora et al.
1999). Interestingly, when depressed patients
were grouped according to the presence of anhe-
donia, only those with anhedonia had reduced
GABA levels (Gabbay et al. 2012).

Opioids have primarily been studied in the
context of pain, although there has been an
increased interest in opioid receptors in
MDD. The p-opioid receptors found in the ven-
tral tegmental area are implicated in the disinhi-
bition of dopamine in the nucleus accumbens
(Johnson and North 1992). Further, p-opioid
receptors in the amygdala may mediate the evalu-
ation of a stimulus’ incentive properties (Wassum
et al. 2009). MDD patients with reduced opioid
activity were prone to lower social motivation
after rejection and lower pleasure during positive
interactions (Hsu et al. 2015). This motivation
was positively correlated with opioid release in

the nucleus accumbens in healthy controls. Taken
together, these findings suggest that opioids may
mediate motivation and pleasure responses; how-
ever, further studies are needed to confirm its role
in reward processing.

While anhedonia is a core symptom of MDD,
it is important to recognize that it also plays a sig-
nificant role in schizophrenia and bipolar disorder
(Zhang et al. 2016). Several studies have attempted
to elucidate the underlying neurobiology of anhe-
donia in each of these patient groups (Sharma
et al. 2017; Whitton et al. 2015; Zhang et al.
2016). However, a transdiagnostic neurobiologi-
cal profile of anhedonia has yet to be completely
elucidated. In order to identify a common func-
tional connectivity pattern associated with anhe-
donia across disorders, Sharma et al. (2017)
assessed a sample of MDD, schizophrenia and
bipolar disorder patients. The authors performed a
whole-brain resting state analysis and examined
its relationship with the reward responsivity mea-
sure on the behavioural activation scale (BAS).
Reduced reward responsivity was associated with
a specific pattern of dysconnectivity surrounding
the nucleus accumbens, which was common to
MDD, schizophrenia and bipolar disorder, and
characterized by hypoconnectivity with the
default mode network (DMN). The DMN is
primarily active during internally directed forms
of cognition, including memory, prospection and
facets of reward processing (Sharma et al. 2017).
Some studies have noted that increased connec-
tivity in the DMN was related to anhedonia
(Hamilton et al. 2011). The specific regions in the
DMN with diminished connections to the nucleus
accumbens included the anterior and dorsal pre-
frontal cortex and the posterior cingulate cortex,
which are heavily involved in reward processing
(Sharma et al. 2017). Therefore, it is reasonable to
expect deficits in reward processing and anhedo-
nia when hypoconnectivity between the DMN
and nucleus accumbens is present.

In contrast to the hypoconnectivity with the
DMN, the nucleus accumbens was found to dem-
onstrate hyperconnectivity with the cingulo-
opercular network, in particular with the insular
cortex (Sharma et al. 2017). While the role of the
insula in reward is unclear, some evidence has
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suggested that it is involved with the effort to
acquire rewards (Prevost et al. 2010; Treadway
2015). Interestingly, imaging studies have sug-
gested that decreased insula activation, as a result
of decreased dopamine release, may be associ-
ated with the selection of high effort reward
options (Prevost et al. 2010; Treadway 2015). In
summary, several key brain regions and connec-
tions have been identified in reward processing,
particularly within the prefrontal cortex. It is pos-
sible that a neural dysfunction in any aspect of
reward processing could lead to the clinical
symptom of anhedonia.

7.4  Assessment of Anhedonia
Currently, measurement of anhedonia in clinical
populations is primarily through self-report
scales and behavioural tasks. While both tools
allow for the assessment of anhedonia, each pro-
vides a unique but equally important perspective
on this core symptom. In line with this, Treadway
and Zald (2011) strongly assert that both mea-
sures should be used in tandem to obtain a more
complete understanding of anhedonia. In this
section, current scales and behavioural tasks will
be described, along with their benefits and
limitations.

7.4.1 Self-Report Scales

MDD patients often display reduced interest in
rewarding stimuli (Uher et al. 2008, 2012);
therefore, self-report scales are particularly use-
ful since they are able to directly assess anhe-
donic symptoms (Kringelbach et al. 2012; Rizvi
et al. 2016). The measurement of the explicit
components of anhedonia is particularly impor-
tant due to the subjective nature of reward behav-
iour. Furthermore, specific activities that are
perceived as rewarding and the motivation to
obtain rewards vary between each patient.
Therefore, self-report scales should ideally be
generalizable across cultures and individuals.
For the purposes of this chapter, current self-
report scales of anhedonia will be grouped into

“first-generation” and “second-generation” ques-
tionnaires to distinguish older versus more contem-
porary scales that have been developed in the last
decade (Rizvi et al. 2016).

7.4.1.1 First-Generation Scales

The first-generation scales mostly measure
consummatory pleasure, but some include
motivational and effort components. The
Snaith-Hamilton Pleasure Scale (SHAPS) is a
14-item scale designed to assess hedonic capac-
ity and is the current gold standard of anhedonia
measurement in MDD research (Snaith et al.
1995). The SHAPS presents participants with
several examples of pleasurable situations that
span the domains of hobbies, social life, sensory
experiences and food/drink. The participants are
instructed to select the degree to which they
would enjoy situations over the past few days. As
a measure of state anhedonia, the SHAPS has
demonstrated its ability to detect acute changes
in anhedonia, including treatment-related
improvements. The scale has demonstrated good
divergent and convergent validity in MDD popu-
lations. Furthermore, it has been shown to posi-
tively correlate with closely related measures
such as quality of life and function. However, the
SHAPS is a measure of consummatory pleasure
and does not probe the other facets of reward pro-
cessing life effort. In addition, while the items are
generalizable across samples (“I would enjoy my
favourite meal”), they may not be specific enough
to elicit a strong hedonic reaction, thereby limit-
ing the scale’s sensitivity. While the SHAPS con-
tinues to demonstrate its strength in the
assessment of consummatory pleasure, its use in
tandem with other measures of anhedonia should
be considered.

A similar measure of anhedonia is the Fawcett-
Clark Pleasure Capacity Scale (FCPCS), which
includes 36 items (Fawcett et al. 1983). Like the
SHAPS, the FCPCS solely assesses consumma-
tory pleasure on a scale between extreme displea-
sure to extreme pleasure. The FCPCS assesses
pleasure across several domains including social
activities, sensory experiences and the sense of
mastery of difficult tasks. Like the SHAPS, the
FCPCS has demonstrated good convergent and



104

T.K.Chow et al.

divergent reliability and as a measure of state
anhedonia is capable of measuring acute changes
in anhedonia due to treatment (Clark et al. 1984;
Leventhal et al. 2006). However, the FCPCS suf-
fers from a lack of generalizability due to several
items possessing high cultural bias. Despite this,
the FCPCS has been validated in MDD popula-
tions, and the items possess high internal consis-
tency reliability (Leventhal et al. 2006).

Finally, the last two scales, the Revised
Chapman Physical Anhedonia Scale (CPAS) and
the Chapman Social Anhedonia Scale (CSAS),
are designed to measure various facets of reward
including motivation, effort and consummatory
pleasure in the context of physical anhedonia and
social anhedonia, respectively (Chapman et al.
1976). Several criticisms of the CPAS and CSAS
as measures of anhedonia in MDD have arisen
due to its design. Both scales were developed for
use in schizophrenia and thus have several items
that are not applicable to MDD populations.
Further, some items are not related to anhedonia,
such as “I have often felt uncomfortable when
my friends touch me”. With the large number of
items for each scale, 61 on the CPAS and 40 on
the CSAS, there is limited use in clinical settings.
Furthermore, the construct and discriminant
validity of the scales have been questioned, and
some have asserted that the items are outdated
(Leventhal et al. 2006). Both scales use a binary
true or false answer format which hinders a more
sensitive assessment of anhedonia. In contrast to
the SHAPS and FCPCS, the CPAS and CSAS are
measures of trait anhedonia as opposed to state
anhedonia. Despite this, both measures can detect
changes in anhedonia (Leventhal et al. 2006).

7.4.1.2 Second-Generation Scales

With the increased focus on expanding the con-
struct of anhedonia beyond consummatory plea-
sure, there has been recent development of
anhedonia scales to reflect these changes and to
address the limitations of the “first-generation”
scales. These new scales are designed to measure
various facets of reward function in order to cap-
ture a more complete understanding of anhedonia
(reviewed in Rizvi et al. 2016).

The Temporal Experience of Pleasure Scale
(TEPS) was developed by Gard et al. (2006).
Importantly, the TEPS was developed with two
subscales that measure anticipatory and consum-
matory pleasure separately. In particular, the
anticipatory items encompass reward responsive-
ness and imagery, while the consummatory items
focus on appreciation of positive stimuli. The
items are measured on a 6-point Likert scale
which range from “very false for me” to “very
true for me”. Selected items focus on physical
anhedonia as the authors believed it would pro-
vide results that are more homogeneous and
interpretable. Despite attempts at designing the
TEPS to be more generalizable, some items are
not applicable to all populations, such as “the
sound of crackling wood in the fireplace is very
relaxing”. While the convergent and discrimina-
tory validity have demonstrated that the subscales
are distinct, the anticipatory subscale had low
internal consistency reliability. Furthermore, the
TEPS has only been validated in bipolar, schizo-
phrenia and opioid-dependent groups with lim-
ited studies in MDD populations (Gard et al.
2007; Garfield et al. 2016; Tso et al. 2014). Taken
together, the TEPS may require additional valida-
tion studies to confirm the reliability of its psy-
chometric properties and its use in MDD.

The Anticipatory and Consummatory
Interpersonal Pleasure Scale (ACIPS) is a 17-item
scale designed to measure social anhedonia in
schizophrenia and address the limitations of the
CSAS (Gooding and Pflum 2014). The ACIPS
uses a 6-point Likert scale as opposed to a binary
outcome. The ACIPS also includes subscales for
the anticipatory and consummatory facets of
reward; however, factor analysis did not reveal
distinct subscales. Nevertheless, when both the
CSAS and ACIPS were assessed against the
TEPS, the ACIPS demonstrated better correlation
with the TEPS subscales than the CSAS. Finally,
despite being developed as a substitute to the
CSAS in schizophrenia, the ACIPS has not been
validated in this population. On a similar note,
the ACIPS has notbeen validated in MDD. Further
validation studies are required to assess its utility
in several psychiatric populations and to deter-
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mine whether their measures of anticipation and
consummatory pleasure are distinct constructs.

Lastly, the Dimensional Anhedonia Rating
Scale (DARS) is the most recently developed
scale by Rizvi et al. (2015). The DARS consists
of 17-items on a 5-point Likert scale and was
designed to specifically assess anhedonia in
MDD patients. In order to increase the generaliz-
ability of the scale, participants are asked to fill in
personal activities or experiences they perceive
as enjoyable across the domains of hobbies,
social activities, food/drink and sensory experi-
ences. With the highly subjective nature of
rewarding experiences, this feature may allow for
a more sensitive measurement of anhedonia.
While increasing generalizability, the DARS is
designed to maintain specificity by having a spe-
cific set of items for each domain assessed.
Within each of these domains, items to probe
interest, motivation, effort and consummatory
pleasure are measured based on how the respon-
dent feels “now”. This measurement of state
anhedonia has the benefit of increased sensitivity
during assessment of treatment response. In con-
trast to the other “second-generation measures”,
the reliability and validity of the DARS has been
tested in a MDD population and demonstrated
good convergent validity with the SHAPS. The
DARS may also be useful in predicting subtypes
as results from the validation study demonstrated
its ability to predict treatment-resistant status
over the SHAPS in MDD patients. While promis-
ing, further research into the use of the DARS is
required to assess its test-retest viability and its
use in the study of the neurobiology of
anhedonia.

7.4.2 Behavioural Tasks

Self-report scales provide direct insight into
experiences of anhedonia and have demon-
strated important utility in clinical settings;
however, they possess several limitations. While
many consider rewarding experiences and its
associated pleasures, motivations, interests and
anticipation, an entirely conscious experience,

this may not be the case. Several lines of evi-
dence suggest that these experiences, while
often conscious, may include an unconscious
component. Kringelbach et al. (2012) asserts
that at times, we may be poor at identifying our
current emotional states. Further, he suggests
that this may lead to an unawareness of what
motivates us, why we take interest or what
brings us pleasure. Several studies have sug-
gested that reward learning often occurs implic-
itly. A study by Pessiglione et al. (2008) utilized
a behavioural task which presented healthy par-
ticipants with two cues, one associated with a
monetary reward and another associated with a
“punishment”. As the task progressed, partici-
pants were more prone to selecting the cues
associated with a reward without their aware-
ness, supporting the occurrence of implicit
reward processing. Where self-reports can pro-
vide great explicit information, behavioural
tasks can tap into both the conscious and uncon-
scious and as such are valuable objective mea-
sures in the study of anhedonia.

7.4.2.1 Reward Association

The ability to develop an association between a
stimulus and reward is primarily assessed using
reward response bias tasks, which are based on
signal detection theory (Henriques and Davidson
2000; Pizzagalli et al. 2005). Specifically, these
tasks measure the level of “response bias”, which
is the tendency to select the stimuli associated
with greater rewards. In general, these tasks
involve the presentation of two or more different
stimuli with specific reward contingencies, which
can vary. Stimuli can range and include verbal or
non-verbal cues. One stimulus may be neutral or
associated with a punishment, or all stimuli can
be associated with reward but vary in terms of
frequency and/or magnitude. Oftentimes, the par-
ticipants are not informed of the specific reward
contingencies. These tasks assess the ability of
individuals to discriminate between stimuli
according to their rewarding properties. During
behavioural tasks that assess stimulus-reward
association, healthy individuals display a bias
towards rewarding stimuli (Pechtel et al. 2013).
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However, several studies have noted that this bias
is reduced in depressed individuals, which sug-
gests an impaired ability to form this association
(Henriques and Davidson 2000; Pechtel et al.
2013; Pizzagalli et al. 2008).

7.4.2.2 Reward Valuation

Several factors may influence the value of a
reward, such as the size and time required to
obtain it (Green et al. 1997). Delay discounting
tasks manipulate these variables to assess how
they affect the value one places on a reward
(Kirby et al. 1999). Delay discounting describes
the situation where the value of a reward drops
as the time to obtain the reward increases (Green
et al. 1997). Most delay discounting tasks have
been developed with monetary rewards which
may vary in size or may be fixed (Kirby et al.
1999; Pulcu et al. 2014; Richards et al. 1999).
The more immediate reward is always associ-
ated with a smaller size. MDD patients often
display greater discounting effects than healthy
controls and value immediate rewards more
highly despite being offered a larger, albeit rela-
tively delayed reward, suggesting differences in
reward valuation (Dombrovski et al. 2012;
Pulcu et al. 2014).

7.4.2.3 Anticipation

Several reward tasks designed to probe the other
facets of reward are often modified in order to
measure anticipation (Knutson et al. 2008;
reviewed in Rizvi et al. 2016). These tasks are
commonly used in a neuroimaging environment.
Changes in brain activity prior to the participant
obtaining the reward are used as measures of
anticipation (Knutson et al. 2008; Kumar et al.
2014). The monetary incentive delay task was
designed to distinguish anticipatory and consum-
matory facets of reward processing (Knutson
et al. 2008). This task is composed of three trial
types, a reward trial, punishment trial and no-
incentive trial. Each trial is composed of an
incentive cue, target stimulus and then a feed-
back. The goal is to press the correct button asso-
ciated with the trial type once the target stimulus
has been presented to increase win money or to
avoid losing money.

7.4.2.4 Expectation

Prediction error tasks assess brain activity associ-
ated with changes in dopaminergic activity in the
ventral striatum in response to outcomes that are
different than expected (Schultz 1998; reviewed
in Rizvi et al. 2016; Schultz 2013). Outcomes
that are better than predicted are associated with
an increased burst of dopamine. In contrast, there
is a decrease in dopamine signaling when the out-
come is worse than predicted. No changes in
activity occur when the result is accurately pre-
dicted. Many variations of the task have been cre-
ated, but they all involve having participants learn
a certain reward contingency, which changes and
results in a greater or lesser reward than expected
(Forbes et al. 2009; Kumar et al. 2008; reviewed
in Rizvi et al. 2016). Cohen et al. (2009) devel-
oped a prediction error task which was composed
of two phases: a learning phase and a choosing
phase. In the learning phase, one of two stimuli is
presented at one time to allow the participants to
learn their reward contingencies. The “safe”
stimulus is rewarded 100% of the time, whereas
the “risky” stimulus has a chance of loss or gain.
Once completed, the participants begin the
choosing phase where they are presented with
both stimuli and are asked to select one. MDD
patients demonstrate reduced prediction error
signal compared to healthy controls. There is also
some evidence to suggest that MDD and schizo-
phrenia patients have dysfunction in shared as
well as disparate brain regions during prediction
error tasks.

7.4.2.5 Motivation

Motivation can be assessed using a cued-
reinforcement reaction time task which assesses
reaction time speed (Chase et al. 2010; Cools
et al. 2005; reviewed in Rizvi et al. 2016). Cools
et al. (2005) developed this task in order to assess
the impact of reduced serotonin levels on motiva-
tion. During the task, three circles are presented,
with one arranged in a different orientation. The
goal is to select the “out-of-place” circle as fast
as possible, with faster responses rewarding more
points. Prior to each trial, a coloured rectangle
will be presented which will signify the probabil-
ity of receiving a reward. MDD participants tend
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to be less affected by motivational cues, thus will
respond with lower reaction times than healthy
controls (Treadway 2015).

7.4.2.6 Effort

Effort to obtain a reward is necessary for reward
decision making via a cost-benefit analysis.
Consequently, Treadway et al. (2012) developed
the effort-expenditure for rewards task to deter-
mine the effect of probability and reward size on
effort-based decision making. This task is com-
posed of two trial types, “easy” and “hard”. Prior
to the start of the trial, the probability of receiv-
ing the reward upon successful completion and
size of the reward is listed for each trial type. The
goal of each trial is to press a button several times
to fill a metre in a certain period. The time limit,
finger selection and number of button presses
required depend on the trial type. Prior to each
trial, participants are to select either the low
reward and low-cost “easy” trial or the high/low
reward and high-cost “hard” trial. This was done
in a limited amount of time to ensure that selec-
tion was based on effort calculations. As noted in
several studies, MDD patients expend less effort
to obtain rewards (Prevost et al. 2010; Salamone
et al. 2003; Treadway et al. 2009). Treadway
et al. (2012) also reported that anhedonia severity
was negatively correlated with willingness to
expend effort, especially when there was a low
probability of a reward.

7.4.2.7 Feedback Integration

Several probabilistic reversal learning tasks have
been developed to assess the effect feedback has
on reward learning (Hasler et al. 2009; Murphy
et al. 2003; Taylor Tavares et al. 2008). These
tasks always include the presentation of two
stimuli simultaneously, both with an equal prob-
ability of being associated with a reward. The
first stimulus a participant selects will subse-
quently be associated with a high probability of
reward in future trials. Participants are told to
select the stimulus most associated with reward
despite any potential reward losses that may
arise. However, participants are also told that the
rules may reverse with the other stimulus being
more rewarded and to then select this one.

Learning may occur through positive feedback or
negative feedback. For example, participants
may obtain more correct answers by focusing on
positive feedback or by avoiding negative feed-
back. MDD patients are more hypersensitive to
negative feedback and will often switch their
selection to the incorrect stimulus too soon
(Thomson 2015). In line with this, Murphy et al.
(2003) demonstrated that MDD patients are more
likely to view a potentially rewarding stimulus as
non-rewarding shortly after any negative associa-
tion of the stimulus’ rewarding properties is
received.

In summary, behavioural tasks can evaluate
various aspects of reward processing including
response bias and learning. Importantly, most
tasks use monetary reward, instead of primary
rewards (e.g. food, social reward). Levels of
monetary reward may also be too small to elicit a
strong reward response. Future research should
evaluate different types of reward in the above
described paradigms.

7.5 Treatment of Anhedonia

Currently, there are many treatment options
available for MDD; however, the prevalence of
treatment-resistant depression remains signifi-
cantly high (Kennedy et al. 2016; Lam et al.
2016). The inadequacy of current treatment
options are highlighted in the Sequenced
Treatment Alternatives to Relieve Depression
(STAR*D) study (Warden et al. 2007). In this
study of over 3000 patients, participants initially
received a first-line antidepressant. If the patient
failed to achieve remission, they received an
additional antidepressant. By the fourth treat-
ment step, 30% of patients failed to achieve
remission (Warden et al. 2007). Currently, the
serotonin and norepinephrine systems remain the
primary target of first-line antidepressants
(Kennedy et al. 2016). Most of these first-line
treatments are selective serotonin reuptake inhib-
itors (SSRIs) and serotonin and norepinephrine
reuptake inhibitors (SNRIs). Since dopamine and
other neurotransmitters play a significant role in
the reward system (McCabe et al. 2010; Wassum



108

T.K.Chow et al.

et al. 2009; Wong et al. 1991; reviewed in Rizvi
et al. 2016), this has important implications in
MDD treatment since conventional antidepres-
sants do not significantly target these systems.
There has been substantial evidence linking
anhedonia to poor treatment outcomes, including
treatment resistance (Malhi and Berk 2007,
Malhi et al. 2005; Rizvi et al. 2014a, b; Souery
etal. 1999). This suggests that targeting the dopa-
mine or other systems involved in anhedonia may
benefit MDD treatment. Despite being a core
symptom, there are not a significant amount of
studies conducted on the effects of antidepres-
sants on anhedonia.

While SSRIs have demonstrated effectiveness
in the treatment of MDD, they have been reported
to induce emotional blunting effects (McCabe
et al. 2009). Healthy controls treated with citalo-
pram had lowered emotional responses to aver-
sive and rewarding stimuli which indicate that
SSRIs can impact emotional range (McCabe
et al. 2009). Interestingly, when participants were
treated with the noradrenergic antidepressant
reboxetine, they demonstrated greater response
to rewarding stimuli and decreased response to
aversive stimuli (McCabe et al. 2010).
Norepinephrine is associated with increased
attention and is synthesized from dopamine
(McCabe et al. 2010). Further, preclinical studies
in mice have demonstrated that SNRIs may be
effective in minimizing the emotional blunting
effects of serotonin while retaining its antide-
pressant activity (Dekeyne et al. 2002). While
promising, further studies are required to confirm
whether SNRIs are more favourable than SSRIs
in the treatment of anhedonia.

Agomelatine, a melatonergic antidepressant,
has demonstrated efficacy in depression
(Kennedy and Rizvi 2010). In addition to action
on the melatonin system, agomelatine disinhibits
the release of norepinephrine and dopamine by
acting as a 5-HT,. receptor antagonist.
Demyttenaere et al. (2013) demonstrated that
agomelatine treatment had a greater reduction in
Hamilton depression rating scores relative to
SSRIs. Gargoloff et al. (2016) took this further
and assessed the effectiveness of agomelatine as
a treatment of anhedonia. In this 8-week trial,

143 patients were given agomelatine, and anhe-
donia was assessed using the SHAPS. Gargoloff
and colleagues reported a significant decrease in
anhedonia as early as 1 week of treatment.
Interestingly, patients who were also on concom-
itant treatments demonstrated a delayed improve-
ment in anhedonia. The authors suggested that
the increase in serotonin levels by SSRIs may
dampen the activity of norepinephrine and dopa-
mine, reducing their ability to improve anhedo-
nia. Finally, the authors also performed a separate
analysis which compared changes in anhedonia
between patients experiencing their first episode
to those who are experiencing recurrent episodes.
Both groups demonstrated similar reductions in
anhedonia.

In response to the high failure rate of first-line
antidepressant monotherapy, there has been an
increase use of adjunctive pharmacotherapy to
target specific neurotransmitter systems, which
include stimulants (e.g. methylphenidate, dextro-
amphetamine) (Kennedy et al. 2016). Rizvi et al.
(2014a) conducted a secondary analysis of
osmotic-release oral system methylphenidate
(OROS-MPH) to determine whether early symp-
tomatic improvements in apathy/anhedonia pre-
dicted increased likelihood of treatment response
compared to placebo. Using the Apathy
Evaluation Scale (AES), the authors determined
that early improvements in apathy predicted
increased likelihood of treatment response only
in the active drug group and not the placebo
group. These results support the notion that a per-
sonalized treatment approach may be beneficial
to alleviate specific symptoms experienced by a
patient, including anhedonia.

Deep brain stimulation (DBS) is a neurosurgi-
cal procedure that has recently been adapted for
use in MDD treatment and was originally used
for the treatment of pain and movement disorders
(Kennedy and Giacobbe 2007). Certain brain
areas associated with reward have been selected
as potential targets of DBS treatment in
MDD. Currently, DBS use is experimental and
only conducted in severely treatment-resistant
patients as it is highly invasive. In 2005, Mayberg
and colleagues were the first to study the use of
DBS in the subcallosal cingulate gyrus (SCG), a
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region of the anterior cingulate cortex (ACC)
which is responsible for emotion regulation. The
SCG is directly connected to the ventral striatum,
nucleus accumbens, rostral portions of the pre-
frontal cortex and the central nuclei of the amyg-
dala, which are areas implicated in reward
processing. Dopamine receptors are also
expressed in these areas, which suggest that DBS
may impact dopamine activity and subsequently
anhedonia. Preliminary data suggest that DBS to
the SCG and nucleus accumbens has a preferen-
tial effect on mood and anhedonia symptoms
(Lipsman et al. 2014; Schlaephfer et al. 2008).

Conclusion

This chapter highlighted key updates in anhe-
donia research and how modern definitions
affected the trajectory of this research. Past
constructs of anhedonia were broad and focused
primarily on consummatory pleasure, which
limited our understanding of the underlying
neurobiology and potential development of
treatment  strategies. Reward processing
includes interest, anticipation, motivation,
effort and pleasure; a deficit in any of these fac-
ets may result in the clinical symptom of anhe-
donia. Behavioural tasks in tandem with
neuroimaging have identified that slightly dis-
tinct pathways govern the activity of each
reward facet, which underscores that anhedonia
is a multi-faceted construct. This has also been
reflected in the development of contemporary
self-report questionnaires. There are various
treatments that target anhedonia symptoms due
to their effect on the dopaminergic and norad-
renergic systems; however, further research is
needed to elucidate the effects of conventional
antidepressants on anhedonia. As our under-
standing of anhedonia progresses, reward pro-
cessing models may be refined and allow for
more personalized treatment strategies.
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Sleep and Sleep Disorders

in Depression

Seung-Gul Kang, Heon-Jeong Lee, Leen Kim,
and John Weyl Winkelman

8.1 Introduction

Depressive disorders are prevalent psychiatric ill-
nesses, and major depressive disorder (MDD)
has a lifetime prevalence of 10-15% worldwide
(Ferrari et al. 2013). Depression is a serious ill-
ness, which produces psychological distress,
impairs quality of life, decreases productivity,
worsens other medical conditions, and can result
in suicide (Gelenberg 2010).

Sleep-wake disturbances such as insomnia
and hypersomnia frequently develop during the
course of depression. Such disturbances not only
are symptoms but also are important diagnostic
criteria for depression. In addition, sleep-wake
symptoms are associated with the biological
mechanism of depression and might be a biologi-
cal marker for the onset, treatment response, and
relapse of depression. The typical sleep structure
changes that accompany depression are increased
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rapid eye movement (REM) density and
decreased delta sleep ratio (Wichniak et al. 2013).

Primary sleep disorders such as obstructive
sleep apnea (OSA) and restless legs syndrome
(RLS) are also common in depression. There are
several possibilities for such comorbidities: (1)
depression comorbid with a primary sleep disor-
der; (2) depression-like symptoms caused by a
primary sleep disorder; and (3) sleep-wake dis-
turbances, similar to those in a primary sleep dis-
order, that occur as side effects of medication
including antidepressants. Therefore, the differ-
ential diagnosis and management of these
conditions should be carried out carefully. This
article will also discuss the clinical treatment
options available for sleep-wake disturbances
that are comorbid with depression.

8.2 Sleep Changes in Depression

8.2.1 Sleep-Wake Symptoms,
Polysomnography (PSG),
and Sleep
Electroencephalography
(EEG) Findings in Depression

Sleep-wake disturbances are consistent symp-
toms associated with MDD; sleep disturbances
are reported by 60-90% of MDD patients (Abad
and Guilleminault 2005). Two-thirds of depressed
patients suffer from insomnia, including initial
insomnia, sleep maintenance difficulty, and
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terminal insomnia, while approximately 15%
complain of hypersomnia. The relationship
between sleep disturbances and depressive symp-
toms is bidirectional since depressive episodes
can precede poor sleep and vice versa.

Depressed patients complain of shallow
sleep, and they show changes in their sleep struc-
ture. The most common findings in the polysom-
nographs of patients with depression are the
following: (1) prolongation of sleep latency,
early morning awakening, reduced total sleep
time, and disruption of sleep maintenance, which
includes increased waking after sleep onset and
decreased sleep efficiency; (2) REM sleep dis-
turbances, which present as shortened REM
sleep latency, increased REM density (frequency
of rapid eye movements), and an increased pro-
portion of REM sleep; (3) slow-wave sleep
(SWS) disturbances, which manifest as
decreased non-REM stage 3 (N3) and delta
activity (especially in the first 100 min of sleep)
(Palagini et al. 2013; Steiger and Kimura 2010;
Wichniak et al. 2000).

8.2.2 Biological Mechanisms
of Sleep Disturbances
in Depression

Several hypotheses have been proposed regard-
ing the sleep disturbances and the changes in
REM sleep that often accompany depression.
One hypothesis is derived from neurotransmitters
such as acetylcholine and glutamate having been
reported to be involved in this mechanism.
Cholinergic (REM-on) dominance over mono-
aminergic (REM-off) activity is one of the puta-
tive core mechanisms for the disinhibition of
REM sleep in depression (Jouvet 1972; McCarley
1982) since cholinergic-adrenergic balance is
thought to play a crucial role in the etiology of
depression and mania (Janowsky et al. 1972).
This theory is further supported by a report that
the suppression of REM sleep is related to the
improvement of depression during antidepressant
treatments that enhance monoaminergic neuro-
transmission (Vogel et al. 1990). Glutamate is
also known to be linked to depression and REM/

NREM sleep regulation. Glutamate interacts
with cholinergic neurons and increases the activ-
ity of the reticular system, which is related to the
onset of REM sleep (Peterson and Benca 2008).
Glutamate neurotransmission is also involved in
the thalamocortical generation of sleep EEG
oscillations during NREM sleep (Pace-Schott
and Hobson 2002; Peterson and Benca 2008).

Dysregulation of the hypothalamic-pituitary-
adrenocortical (HPA) system has also been noted
as a cause of depression and its sleep distur-
bances. Abnormally increased activity of the
HPA system has been suggested as one of the
core mechanisms in the pathogenesis of depres-
sion (Holsboer 2000). In depression, there are
changes in corticotropin (adrenocorticotropic
hormone—ACTH) activity, cortisol secretion,
and corticotropin-releasing hormone, and thus
corticosteroid receptor signaling is altered
accordingly. This overactivity of the HPA axis
may in turn cause sleep EEG changes and
increased arousal, poor sleep, and promotion of
REM sleep (Vgontzas and Chrousos 2002).

The sleep disturbances in depression such as
decreased SWS are also attributed to impairment
of the homeostatic process S (Borbely 1987). The
illness-related neurobiological changes and
decreased daytime activity due to depression
may lower the level of process S (Borbely 1987).

Some studies have proposed roles for genetic
polymorphisms and specific brain regions in
depression and insomnia. CLOCK genes, the
monoamine oxidase A gene, and the serotonin
transporter gene have been suggested to influence
sleep patterns and to be related to the etiology of
MDD and the treatment response to light therapy
and antidepressants (Benedetti et al. 2003;
Bunney and Potkin 2008; Hu et al. 2007; Serretti
et al. 2005). The lateral habenula, which is
located adjacent to the medial dorsal thalamus, is
also considered to be involved in the regulation
of mood and sleep. Stimulation of the lateral
habenula inhibits the activity of serotonergic and
dopaminergic neurons of the brainstem, and
hyperactivity of the lateral habenula may cause
the decreased motor activity and REM sleep
changes that are characteristic of MDD (Aizawa
et al. 2013).
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8.3  What Does Sleep
Disturbance Mean
in Depression?

8.3.1 Effect of Insomnia and Sleep

Disturbances on the
Treatment Course
of Depression

Sleep disturbances and insomnia are commonly
encountered during the course of depression.
Conversely, however, sleep disturbances can
affect the symptoms and course of depression.
MDD develops three times more often in insom-
niacs than in individuals with healthy sleep pat-
terns (Johnson et al. 2006). In addition, depressive
patients with sleep disturbances show more sui-
cidality, severe depressive symptoms, and refrac-
toriness to treatment for depression (Peterson and
Benca 2008). From a therapeutic standpoint,
sleep deprivation is considered one of the most
rapid therapies for depressive patients, although
the treatment effect is temporary (Wichniak et al.
2013). Moreover, suppression of REM sleep is
considered to be related to the improvement of
depression during antidepressant treatment
(Vogel et al. 1990). Synchronization of the circa-
dian rhythm in depression has also been reported
as a necessary prerequisite for better recovery
from depression (Hajak and Landgrebe 2010).

8.3.2 Sleep as a Biomarker
for Depression

Sleep disturbances and related PSG findings have
been recognized as biomarkers for depression. A
meta-analysis reported that patients with insom-
nia without depression have twice as high a risk
of developing incident depression as individuals
without sleep problems (Baglioni et al. 2011). In
an earlier study, subjects at high risk of depres-
sion (i.e., healthy first-degree relatives of patients
with mood disorders) showed an abnormally
increased REM density and decreased SWS
amount (Lauer et al. 1995). In addition to this,
changes in sleep parameters have been consid-
ered trait markers rather than state markers for
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depression (Steiger and Kimura 2010), given that
REM sleep measures were found not to change
between depressive episodes and remission peri-
ods (Wichniak et al. 2013). Studies have also
reported that the sensitivity of REM density as an
indicator for monoaminergic/cholinergic dys-
function could be improved by using cholinergic
REM sleep induction tests. Depressive patients
and subjects at high risk of mood disorders
showed REM sleep changes after receiving cho-
linergic agents such as RS 86 or arecoline (Gillin
et al. 1991; Riemann and Berger 1992).
Interestingly, it is common clinical knowledge
that sleep disturbances differ among depression
subtypes. As indicated in the diagnostic criteria
for depression, seasonal affective disorder and
atypical depression are characterized by hyper-
somnia, while melancholic depression is charac-
terized by terminal insomnia (American
Psychiatric  Association 2000; Murphy and
Peterson 2015). Therefore, the characteristics of
sleep disturbances might be helpful in subtyping
depression.

8.3.3 Sleep as a Biomarker
for Treatment Response
and the Relapse of Depression

Sleep disturbances and PSG findings could be
biomarkers not only for depression onset but also
for treatment response and relapse. Persistent
insomnia is a strong predictor of future relapse,
even without current mood symptoms (Benca
and Peterson 2008). Residual hypersomnia is
also known to be associated with an increased
risk of relapse of depression (Kaplan and Harvey
2009). Abnormal PSG measures have been
regarded as a biomarker, which suggests the
advantage of a biological treatment over a psy-
chological approach, since 3/4 of nonresponders
to psychotherapy went into remission after sub-
sequent pharmacotherapy (Thase et al. 1997).
Since a change in REM density is the most
replicated finding, this could be a valuable bio-
marker for treatment outcome or recurrence
(Wichniak et al. 2013). High REM density after
1 week of paroxetine treatment has been related
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to non-response after 6 weeks (Murck et al.
2003). In addition, increased REM density and
decreased total sleep time at 2—4 weeks of absti-
nence from alcohol predicted relapse during the
first 3 months in depressed alcoholic patients
(Clark et al. 1998). One study suggested that
REM activity and density in participants with
depression are correlated with remission and
recovery and that quantitative measurement of
rapid eye movements provides a better correlate
of treatment response than do quantitative sleep
EEG measures (Buysse et al. 2001).

Slow-wave activity (SWA) in the delta fre-
quency band of an EEG during sleep has also
been reported to be related to treatment response.
An increase in SWA has been reported to be cor-
related with treatment response to clomipramine
(Kupfer et al. 1989). A low delta ratio and less
delta EEG activity at baseline and remission have
also been found to be related to depression recur-
rence after the discontinuation of antidepressants
(Buysse et al. 1997; Kupfer et al. 1990). Spectral
analysis has shown that the delta sleep ratio based
on quantitative EEG is a stronger predictor of the
recurrence of depressive episodes than is REM
latency (Kupfer et al. 1990).

8.4 Comorbid Primary Sleep
Disorders Other than

Insomnia

In depression, primary sleep disorders other than
insomnia are also common. In some cases, the
primary sleep disorder may cause depression or
has depression-like symptoms. Therefore, in the
case of atypical depression, more attention should
be paid to differential diagnosis.

Depression is common in patients with OSA.
In one study, the odds ratio of MDD in patients
with OSA was 2.4 in male subjects and 5.2 in
female subjects (Wheaton et al. 2012). OSA can
induce depression-like symptoms such as fatigue,
hypersomnolence, difficulty concentrating, and
lack of energy (Schroder and O'Hara 2005). The
converse is also true, in that OSA occurs fre-
quently in depression (Reynolds et al. 1985),
which may due to weight gain caused by decreased

activity, to irregular activity patterns, and to the
effect of medication such as antidepressants. In
this case, the refractoriness of depression to treat-
ment becomes worse (Schroder and O'Hara
2005). Some also hold the idea that OSA and
MDD share a common etiology. An imaging
study has shown that the hypoxemia from OSA
has an impact on mood symptoms (Kamba et al.
1997), and the reverse mechanism is that reduced
serotonin levels in depression lead to loss of mus-
cle tone of the upper airway dilator muscles and
could contribute to the development of OSA
(Lipford et al. 2016).

RLS is also a common neurological disease and
a distressing sleep disorder. Its core symptoms are
restlessness in the legs and an urge to move the
legs. According to published studies, 26% of
patients with unipolar depression show RLS symp-
toms, and the odds ratio of RLS symptoms was
found to be 1.64 in adults with depression (Foley
et al. 2004; Picchietti and Winkelman 2005). The
comorbidity of RLS with depression could be
attributed to dopamine hypofunction. Decreased
dopamine function is one of the most frequently
proposed etiologies of RLS and could also induce
depression (Picchietti and Winkelman 2005). On
the other hand, antidepressants could underlie the
increased prevalence of RLS and periodic limb
movements during sleep (PLMS) in depressed
patients (Picchietti and Winkelman 2005).

REM sleep behavior disorder (RBD) is com-
monly caused by antidepressants during the course
of pharmacotherapy of depression, especially in
older people. Probable RBD is significantly associ-
ated with depression, and the odds ratio of depres-
sion in RBD was found to be 2.99 (Mahlknecht
et al. 2015). Participants who take antidepressants
have also been found to have greater EMG activity
in the submentalis muscle during REM than do
controls, and dream enactment symptoms have
been found to develop in up to 6% of subjects tak-
ing antidepressants (Ju et al. 2011; Teman et al.
2009; Winkelman and James 2004).

Hypersomnia and hypersomnolence some-
times appear in depression. In some cases, these
symptoms are more prominent than depressive
symptoms, so it is necessary to differentiate this
condition from sleep-wake disorders such as



8 Sleep and Sleep Disorders in Depression

17

narcolepsy. Depression may be accompanied by
narcolepsy. The cause of narcolepsy with cata-
plexy is known to be hypocretin deficiency, and
hypocretin projections may be involved in mood
regulation, given that the hypocretin neural cir-
cuit projects broadly to the locus ceruleus, raphe
nucleus, and limbic area (Dauvilliers et al.
2013). According to an epidemiological study,
19.2% of narcoleptic patients have MDD, while
6.4% of the general population have MDD
(Ohayon 2013).

8.5 Treatment of Sleep
Disturbances in Depression
8.5.1 Pharmacotherapy

Antidepressants have diverse effects on sleep and
sleep structure. In fact, in depression, the struc-
ture and other parameters of sleep usually change
more by antidepressants than do subjective sleep-
wake symptoms (Wichniak et al. 2013).
Antidepressant use acutely and strongly sup-
presses REM sleep. In particular, antidepressants
that block serotonin reuptake have a strong effect
on REM sleep (Wilson and Argyropoulos 2005).
However, antidepressants can have a variety of
effects on sleep depending on the type. Tricyclic
antidepressants (TCAs, e.g., amitriptyline and
doxepin), noradrenergic and specific serotonergic
antidepressants (NaSSAs, e.g., mirtazapine), and
serotonin receptor 5-HT, antagonists and reup-
take inhibitors (SARIs, e.g., trazodone) are seda-
tive antidepressants, and they induce sleep
through antagonistic action on the serotonergic
5-HT,, and histamine H; receptors (Wichniak
et al. 2013). On the other hand, antidepressants
that increase noradrenergic and dopaminergic
neurotransmission are classified as activating
antidepressants. Serotonin and norepinephrine
reuptake inhibitors (SNRIs, e.g., venlafaxine and
duloxetine) and norepinephrine and dopamine
reuptake inhibitors (NDRIs, e.g., bupropion) are
representative activating antidepressants. Selective
serotonin reuptake inhibitors (SSRIs, e.g., fluox-
etine) can also induce sleep disruption through
the activation of serotonin 5-HT, receptors

(Wichniak et al. 2012). Agomelatine is an agonist
of the melatonin MT, and MT, receptors and has
antagonistic action on the serotonin 5-HT,c
receptor. Agomelatine is also known to improve
sleep measurements such as sleep efficiency and
SWS and not to change the latency or duration of
REM sleep (Quera-Salva et al. 2010).

In chronic use of antidepressants, the afore-
mentioned acute effect on sleep and sleep struc-
ture is alleviated, and beneficial effects on sleep
such as increased sleep continuity and amount of
SWS can occur as the depressive symptoms are
relieved and daytime activity is increased (Wilson
and Argyropoulos 2005). In addition, even non-
sedating antidepressants might play a role in
improving subjective sleep symptoms by reliev-
ing tension, anxiety, worry, and cognitive distor-
tion about sleep, which are common in patients
with chronic insomnia (Nowell et al. 1999).
However, studies have shown that during mainte-
nance therapy with activating antidepressants,
30-40% of patients may continue to experience
insomnia (Iovieno et al. 2011). In this case,
monotherapy with sedative antidepressants (e.g.,
trazodone and mirtazapine) or combination ther-
apy with low-dose sedative antidepressants and
SSRIs might be useful (Jindal et al. 2003; Jindal
and Thase 2004; Wichniak et al. 2012). However,
little controlled evidence supports the long-term
usage of sedative antidepressants (e.g., mirtazap-
ine, trimipramine, and amitriptyline) for insom-
nia symptoms (Kurian et al. 2009), and side
effects such as excessive sedation and weight
gain should be considered. Antidepressants also
exert various potentially harmful effects on sleep
by inducing (or aggravating) RLS symptoms,
PLMS, weight gain and related sleep apnea risk,
and RBD symptoms.

Although  combination pharmacotherapy
using hypnotics such as zolpidem, zaleplon,
eszopiclone, or benzodiazepines with antidepres-
sants may improve the patient’s sleep, daytime
functioning, and quality of life (Franzen and
Buysse 2008), clinicians should carefully con-
sider the risks of dependence and tolerance to
hypnotics (Murphy and Peterson 2015). In addi-
tion, benzodiazepines are shown to attenuate
slow-wave activity and to enhance sleep spindles
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(Achermann and Borbely 1987), and non-
benzodiazepine hypnotics such as zolpidem and
zopiclone show similar unfavorable effects on
sleep EEG, though the clinical implications of
these findings are unclear (Landolt et al. 2000).

Patients with depression who are suffering
from serious hypersomnia or hypersomnolence
could be candidates for the use of modafinil or
psychostimulants if the symptoms persist after
treatment of any primary sleep disorders such as
OSA (Peterson and Benca 2008).

8.5.2 Cognitive Behavioral Therapy
for Insomnia (CBT-I)

CBT-I is the treatment of choice for chronic
insomnia, and it is also effective for the treatment
of insomnia comorbid with depression (Espie
1999). In one study, when CBT-I was combined
with escitalopram, greater remission from both
insomnia and depressive symptoms was achieved
than with escitalopram alone (Manber et al.
2008). According to another study, patients who
were treated with brief behavioral therapy for
insomnia in addition to antidepressant therapy
showed greater improvements in sleep quality
and depression, and they showed greater remis-
sion of depression after 8 weeks than did a treat-
ment group receiving only antidepressants
(Watanabe et al. 2011). Moreover, several studies
have shown that CBT-1 is efficacious in insomnia
patients with depression, as well as in those with-
out depression (Edinger et al. 2009; Hamoen
et al. 2014).

Sleep restriction therapy and stimulus control
therapy are two core behavioral treatment com-
ponents of CBT-1. Sleep restriction, which is a
typical treatment component of CBT-I, consists
of curtailing the amount of time in bed to the total
subjective sleep time of insomnia patients.
Stimulus control techniques, which constitute
another important treatment component, are
intended to reduce the conditioned arousal or
performance anxiety related to sleep at night. To
reassociate the bed with sleep, patients should go
to bed only when sleepy and get out of bed when
unable to sleep (Bootzin et al. 2010). Other

CBT-I elements include distraction techniques,
cognitive restructuring, and paradoxical inten-
tion. Cognitive restructuring addresses the
patient’s negative and dysfunctional beliefs about
sleep. Paradoxical intention consists of reducing
worry about negative effects due to poor sleep by
staying awake intentionally at night (Perlis et al.
2010). There are several different relaxation ther-
apies, including progressive muscle relaxation
therapy and diaphragmatic breathing (Perlis et al.
2010).

Some patients with depression fail to adhere
to CBT-I because of motivational deficits, avoid-
ance, and automatic negative thoughts. In addi-
tion, insomnia patients with depression have
worse sleep hygiene, more mental arousal at bed-
time, and more dysfunctional beliefs about sleep
than do insomnia patients without depression
(Carney et al. 2007). Therefore, it is recom-
mended that CBT-I therapy also include the ele-
ments of CBT for depression in the depressive
population (Haynes 2015). Cognitive behavioral
social rhythm therapy (CBSRT), which was
designed to improve mood and sleep by stabiliz-
ing social rhythms and changing dysfunctional
bed associations, might be useful for insomnia
patients with depression or post-traumatic stress
disorder (Haynes 2015; Haynes et al. 2016).

8.5.3 Sleep Deprivation and Light
Therapy

Sleep deprivation is the fastest-acting treatment
for depression and has comparable short-term
efficacy to antidepressants. According to a meta-
analysis, total sleep deprivation led to a transient
improvement in mood in 50-60% of depressive
patients (Wu and Bunney 1990). Partial sleep
deprivation also produced mild to moderate
improvements in depression scores (Benedetti
and Colombo 2011) that persisted longer than
those from total sleep deprivation, although the
therapeutic effect was rather weak (Giedke and
Schwarzler 2002). Regardless, the effect of sleep
deprivation is not sustained, and the effect is lost
after recovery sleep. Although the clinical effi-
cacy has not yet been established, the effects of
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combination therapy consisting of light therapy
in the morning and sleep deprivation might be
stronger and longer lasting (Murphy and Peterson
2015). This combination therapy may have a sim-
ilar effect to sleep time restriction, especially for
depressive patients with insomnia who spend a
long time in bed owing to decreased motivation
and energy.

Conclusion

Sleep-wake disturbances not only are preva-
lent symptoms of depression but also are a
biological marker for depression. Primary
sleep disorders such as OSA, RLS, and RBD
are also prevalent in depression. During
depression, the sleep structure frequently
changes because of the depression itself and
the medications that are prescribed for depres-
sion. Antidepressants can have a variety of
effects on sleep depending on their mecha-
nism and characteristics. To treat insomnia
associated with depression, antidepressants,
hypnotics, and CBT-I can be used effectively.
For depressed patients with persistent insom-
nia, monotherapy with sedative antidepres-
sants (e.g., trazodone or mirtazapine) or
combination therapy with low-dose sedative
antidepressants and SSRIs might be useful.
CBT-1, which is the treatment of choice for
chronic insomnia, is also effective for the
treatment of insomnia comorbid with
depression.
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