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Preface

Depression and mania are mankind’s oldest known brain disorders and were the
first brain disorders conceptualized by Hippocrates as a part of medicine; mania and
depression as two parts of the same disease were first described in the first century
AD. Yet even today, a diagnosis of bipolar disorder (BD) is often missed in patients
who report depressive rather than manic symptoms, and the disorder is still fre-
quently unrecognized, misdiagnosed, and mismanaged.

Worldwide, BD is a major public health issue. It is a leading cause of disability,
much of which occurs during the depressive phase of the disorder. Clinically, BD
continues to be one of the most debilitating medical illnesses. Afflicted patients
generally still experience high rates of relapse, a chronic recurrent course, lingering
residual symptoms, functional impairment, psychosocial disability, and diminished
well-being. Strikingly, almost every drug developed for BD initially entered the
market as a treatment for acute mania. Thus, in contrast to the manic phase of the
illness where a fairly large variety of effective treatments are available—
antiepileptic agents in particular—effective therapeutics are scarce in bipolar
depression. A large, 26-week study funded by the National Institute of Mental
Health (NIMH) found no benefit to antidepressant use for patients with BD-I or
BD-II depression (Sachs et al. 2007). And when currently available therapeutics for
depression—both for major depressive disorder (MDD) and BD—do work, they are
often poorly tolerated or associated with a delayed onset of action of several weeks;
this latency period significantly increases risk of suicide and self-harm and is a key
public health issue (Machado-Vieira et al. 2009).

This book focuses on this underdeveloped area: bipolar depression. We have
brought together an international array of major leaders from a broad swath of
interrelated disciplines—from clinical phenomenology to basic molecular and
cellular neurobiology, genetics, neuroimaging, and circadian physiology—to
offer the most up-to-date information about the diagnosis, treatment, and research
surrounding bipolar depression.

Since the first edition of this book was published in 2008, we are heartened to
note some significant advances in this field, many of which are highlighted in the
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chapters that follow. These include altered neurobiology in patients suffering from
BD (Chap. 6), new information about the pathophysiology of BD (Chap. 8), genetic
findings from diverse studies (Chap. 5), and solid advances in the treatment of
bipolar depression with already available (Chaps. 9—11) and novel (Chap. 12)
agents. These chapters underscore how research over the past few decades—and
even over the last five years—has made great advances toward improving our
understanding of this illness so that better treatments can be developed. A better
understanding of the neurobiological underpinnings of this condition, informed by
preclinical and clinical research, will be essential for the future development of
targeted therapies that are more effective, act more rapidly, and are better tolerated
than currently available treatments. Importantly, advancements in our understand-
ing of the neurobiology of BD continue to be made and do hold promise for future
clinical applications.

Despite the devastating impact of bipolar depression on the lives of millions
worldwide, there has been a dearth of knowledge concerning its underlying etiology
and pathophysiology. This dearth, in turn, has undoubtedly contributed to the lack
of development of improved therapeutic strategies for bipolar depression. Collec-
tively, many questions remain unanswered regarding the diagnosis and treatment of
patients with bipolar depression. However, as the information contained in this
book shows, new strides are being made daily in this field. It is our hope that readers
will be able to extract integrated themes and useful insights from the material
contained in these diverse chapters.

Bethesda, MD Carlos A. Zarate Jr.
Titusville, NJ Husseini K. Manji
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Part I
Bipolar Depression: Clinical Phenotype
and Course of Illness



Chapter 1
The History of Bipolar Disorder

Philip B. Mitchell

Abstract Our contemporary construct of bipolar disorder (BD) is only relatively
recent in terms of the history of psychiatry. In this chapter, we begin by tracing the
origins of this concept from the early writings of the classic Greek and Roman
medical writers, through to the observations of the first European academic ‘alien-
ists’ such as Pinel, Esquirol, and Griesinger in the eighteenth and nineteenth
centuries. We then consider the first claims for delineation of a distinct condition
akin to BD by the French psychiatrists Falret and Baillarger, who described,
respectively, la folie circulaire and la folie a double forme. The journey from
those accounts to our modern concept of BD is then traced through the nineteenth
and twentieth century works of the German academic clinicians Kraepelin,
Wernicke, Kleist, and Leonhard, with later critical validations being undertaken
by Angst, Perris, and Winokur in the 1960s. We then explore the incorporation of
BD into the modern operationalised diagnostic criteria such as the Research
Diagnostic Criteria and DSM-III in the late twentieth century. In considering this
history of the concept of BD, several broad themes become apparent. First, the
consistency of the clinical descriptions stands out, from the earliest classical
observations to those of the eighteenth and nineteenth century alienists to contem-
porary operationalised criteria. Second, one cannot help but be struck by the
oscillation over time between narrow and broad concepts of this condition: from
the very circumscribed descriptions of Falret and Baillarger to the all-encompassing
‘manic-depressive insanity’ of Kraepelin. In many ways, the contemporary contro-
versy between the narrow definition of BD as reflected in DSM-IV and -5 and the
breadth of the ‘soft bipolar spectrum disorder’ recapitulates this historical tension.
Third, however, there is at the same time a clear linearity in the development of
ideas, with each ‘generation’ of academic psychiatrists being influenced by, and
refining the concepts of, their predecessors.
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4 P.B. Mitchell
1.1 Overview

Our contemporary construct of bipolar disorder (BD) is only relatively recent in
terms of the history of psychiatry. In this chapter, we begin by tracing the origins of
this concept from the early writings of the classic Greek and Roman medical
writers, through to the observations of the first European academic ‘alienists’
such as Pinel, Esquirol, and Griesinger in the eighteenth and nineteenth centuries.
We then consider the first claims for delineation of a distinct condition akin to BD
by the French psychiatrists Falret and Baillarger, who described, respectively, la
folie circulaire and la folie a double forme. The journey from those accounts to our
modern concept of BD is then traced through the nineteenth and twentieth century
works of the German academic clinicians Kraepelin, Wernicke, Kleist, and
Leonhard, with later critical validations being undertaken by Angst, Perris, and
Winokur in the 1960s. We then explore the incorporation of BD into the modern
operationalised diagnostic criteria such as the Research Diagnostic Criteria (Spitzer
et al. 1978) and DSM-III (American Psychiatric Association 1980) in the late
twentieth century and discuss the more recent and controversial broadening of
this concept in the proposal by Akiskal and Mallya for a ‘bipolar spectrum
disorder’ (1987).

In considering these historical developments, we need to be cognizant that the
meaning of the term ‘mania’ has changed dramatically over the course of the
centuries (Berrios 1996). Its use prior to the late nineteenth and early twentieth
century encompassed an overactivity or frenzy that may be as likely due to what we
would now term schizophrenia or delirium as resulting from a ‘true’ manic episode
of BD.

Further, particularly whilst contemplating progress since the seminal French
descriptions of the mid-nineteenth century, one cannot help but be struck by the
oscillation over time between narrow and broad concepts of this condition: from the
very circumscribed descriptions of Falret and Baillarger to the all-encompassing
‘manic-depressive insanity’ of Kraepelin. In many ways, the contemporary contro-
versy (Healy 2008; Mitchell 2012) between the narrow definition of BD as reflected
in DSM-IV (American Psychiatric Association 1993) and -5 (American Psychiatric
Association 2013) and the breadth of the ‘soft bipolar spectrum disorder’ recapit-
ulates this historical tension.

1.2 ‘Mania’ in Classical Greece and Rome

While the writings on ‘mania’ by the authors of the classical Greek and Roman
period provide their own fascination and intrigue, as discussed above, they need to
be considered with circumspect, as the term ‘mania’ undoubtedly also encompassed
over-activity resulting from a multiplicity of medical and psychiatric causes.
Furthermore, some of the descriptions appear to have reflected behaviours related
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to enthusiasm and even fanaticism, not necessarily arising from ‘illness’, so it is not
appropriate to enforce a modern medical model upon all such accounts. Neverthe-
less, some of those accounts do appear consistent with current descriptions of BD.

We would note in passing that, for access to the medical writings of this classical
era, we are largely indebted to the seminal work of the Italian psychiatrist Giuseppe
Roccatagliata (1986).

Hippocrates (460-370Bc) was the central figure in the transition of Greek
thought from the influence of the ‘physician-priests’ to a secularised understanding
of mental disturbances, with his conceptualisation that these illnesses were due to
humoural effects on the brain. He posited ‘furor’ as the opposite of melancholy, as
characterised by excitement, euphoria, aggressiveness, and megalomanic ideas and
explained this behaviour as due to the effect of yellow bile upon the brain
(Roccatagliata 1986, p. 171).

Aristotle (384-322 Bc), the disciple of Socrates and Plato, also interpreted such
behaviour in terms of disturbances of the humours, with cooling of the black bile
leading to ‘slowing down, depression, and anxiety’, whereas its heating caused
‘euphory, excitement, and exhilaration’ (Roccatagliata 1986, p. 109).

Aretaeus of Cappadocia, who lived in Rome in the second century Ap, is often
described as the ‘father (or clinician) of mania’, whose writings were later acknowl-
edged by the great French academic psychiatrist Pinel (1806). Arateus was an
adherent of the ‘pneumatic’ school, which claimed that behavioural disturbances
were due to vicissitudes of the ‘pneuma’—the physical soul. Believing that the
heart was the seat of the soul, he thought that there was a secondary effect on the
mind, as the heart was ‘connected by sympathy with the brain’. Mania was
expressed, he said, in ‘furor, excitement, and cheerfulness’, in severe forms of
which the person ‘sometimes kills and slaughters the servants’. He also observed
more expansive or exalted forms, where the patient: *. ... Without being cultivated
says he is a philosopher . .. and the incompetent say they are good artisans ...". He
described transitions between phases of melancholy and mania: ‘Some patients
after being melancholic have fits of mania...’, ‘... they show off in public with
crowned heads as if they were returning victorious from the games; sometimes they
laugh and dance all day and all night’. Conversely, after mania, a patient ‘has a
tendency to melancholy,; he becomes, at the end of the attack, languid, sad, taciturn,
he complains that he is worried about the future, he feels ashamed’ (Roccatagliata
1986, p. 229, 230).

Posidonius, who lived in the fourth century Ap, was an adherent of the ‘eclectic’
school, which eschewed imposition of preconceived explanatory paradigms. While
ascribing ‘mania’ to yellow bile acting on the frontal area of the brain, his ‘clinical’
descriptions are surprisingly contemporary: ‘The patient laughs, sings, dances . ..
he bites himself ... sometimes he is wicked and kills . .. sometimes he is seized by
terror or hate . .. sometimes he is abulic [avolitional, indecisive]’. Posidonius goes
on to describe (in terms later echoed by Falret) the course of this presentation as
‘... an intermittent disease, which proceeds through a periodical circuit ... it
repeats itself once a year or more often . .. melancholy occurs in Autumn whereas
mania in Summer ...” (Roccatagliata 1986, p. 143).
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1.3 Descriptions from the Eighteenth and Nineteenth
Centuries

While the assertion that a condition akin to our concept of BD represented a specific
distinct mental illness was only first made in the mid-nineteenth century by Falret
and Baillarger, there were undoubted descriptions of similar patients reported prior
to that time. However, such shifts in patients’ activity and mood had been deemed
to be either variants of ‘madness’ or transitional states on the path to more severe
and incurable illness. Furthermore, hitherto, ‘madness’ had been largely considered
to reflect disturbances of intellectual capacities rather than being primarily defects
in other functions such as emotions (Berrios 1996).

It is clear that the famous French psychiatrist Pinel (1806) was very familiar with
this presentation:

Nothing appears more inexplicable, at the same time that nothing can be more certain, than
that melancholia with delirium, presents itself in two very opposite forms. Sometimes it is
distinguished by an exalted sentiment of self-importance, associated with chimerical pre-
tensions to unbounded power or inexhaustible riches. At other times, it is characterized by
great depression of spirits, pusillanimous apprehensions, and even absolute despair. Lunatic
asylums afford numerous instances of those opposite extremes.

Esquirol, a similarly eminent protégé of Pinel in Paris, and mentor to Falret and
Baillarger, also described such patients in his monograph ‘Mental Maladies. A
Treatise on Insanity’ (1845):

There are persons who are hypochondriacal, and buried in a profound melancholy for some
hours, days, and even months, before the explosion of mania; while others sink into a deep
stupor, appearing to be deprived of every thought and idea. They move not, but remain
where they are placed. ... Suddenly, mania bursts forth, in all the strength of its delirium
and agitation. (p. 384)

In the USA, Rufus Wyman (1830)—physician superintendent of the McLean
Hospital in Massachusetts—described in a discourse:

Exaltation, and depression of passion, are sometimes manifested alternately in the same
individual.

In the UK, James Prichard (1835) described:

A state of gloom and melancholy depression occasionally gives way after an uncertain
period to an opposite condition of preternatural excitement .. ..

In Germany, Griesinger (1867) noted in his chapter on mania (p. 276):

We have more than once had occasion to remark that, in the majority of cases, melancholic
states precede the maniacal, and that the latter is engendered by the former. In the more
chronic cases we often have the opportunity of following the whole course of the disease,
and of seeing in melancholics the mental suffering and anxiety increase from day to day, at
first manifesting itself merely by extreme restlessness, but gradually passing into complete
mania.
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1.4 A Distinct Psychiatric Disorder? ‘La folie circulaire’
and ‘la folie a double forme’

Many authorities ascribe the origins of the modern concept of BD to the Parisian
psychiatrists Falret and Baillarger who each claimed in 1854 that they were the first
to recognise and describe this condition as a separate disease entity. It is clear from
the foregoing section that others had previously described and recognised such
patients. However, those other writers had conceived of this as just one manifesta-
tion of a broad concept of ‘madness’. What distinguished the contributions of Falret
and Baillarger was the claim that this was a distinct illness entity.

The claims and counterclaims of Falret and Baillarger to originator status were
acrimonious and not resolved within their lifetimes (Pichot 1995, 2006). They were
both protégés of Esquirol, gained positions at the prestigious Hospice of La
Salpétriere in Paris, and presented their papers within a few weeks of each other
in 1854 to the eminent French Imperial Academy of Medicine. We will not focus
here on that aspect of the history, rather examine the evidence presented by each for
the delineation of a new illness entity.

Falret termed this syndrome ‘la folie circulaire’ (the circular madness). Impor-
tantly, he defined this in terms of the course and pattern of the illness. This decision
was critical to our understanding of the importance of his observations, as prior to
this time the various psychiatric disorders had been largely defined in terms of
‘single cardinal symptoms’, such as ‘the degree of delirium, sadness, or agitation’
(Falret 1854):

We even gave it a name because, in our opinion, it is not a mere variant but a genuine form
of mental illness. We called it circular insanity because the unfortunate patients afflicted
with this illness live out their lives in a perpetual circle of depression and manic excitement
interrupted by a period of lucidity, which is typically brief but occasionally long lasting.

... whether the course is rapid or slow, the tempo of the disorder does not alter its general
nature: the disease remains the same in its general features as well as in its principal details.
That is why we believe it constitutes a genuine form of mental illness, because it consists of
a group of physical and mental symptoms which stay the same for any of the respective
phases which succeed one another in a determinate order so that, once the symptoms are
identified, the subsequent evolution of the illness can be predicted.

Falret was also impressed by the familial nature of this disorder:

The evidence we have just presented from the parents and from our own observations leads
us to believe that circular insanity is very hereditary.

Unfortunately, Baillarger’s paper and later publications have not been translated
into English, so we are dependent upon the accounts of his writings by authorities
such as Pichot (1995) and Haustgen and Akiskal (2006). Baillarger proposed the
name ‘folie a double forme’ for ‘a type of madness different from monomania,
melancholia, and mania’. He described a typical phase consisting of two periods,
one of depression, the other of excitement, in immediate succession, without any
intermediate free interval, with the switch being either sudden or more gradual.
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Baillarger considered the manic period to be a ‘reaction’ to the preceding melan-
choly and proportional to that. Haustgen and Akiskal (2006) further recount that
Baillarger described the two periods of mania and melancholia as being bound
together (‘soudées’) and thereby constituting one ‘attack’ (‘accés’). These ‘attacks’,
said Baillarger, could be isolated, intermittent, or follow each other without inter-
ruption. This was contrasted with Falret’s folie circulaire, for which the cycle was
comprised of three periods—mania, depression, and the free interval (intervalle
lucide), with this cyclic course, often over a lifetime, being the main distinguishing
criterion.

The influence of Baillarger dominated in France, possibly due to his surviving
Falret by 20 years, and his later prestigious appointment to the presidency of the
Imperial Academy of Medicine—one of very few psychiatrists to have been
honoured in that role (Pichot 1995). However, ultimately it was Falret who had
the most impact on international thought. His folie circulaire was reported by
Kahlbaum to have influenced his critical conceptualisation of catatonia (see
below), and Kraepelin’s earlier textbooks refer to this.

Perhaps, the greatest contribution of Falret was not in terms of formative clinical
descriptions of mental phenomena (as was the legacy of Baillarger), but rather his
focus on the search for the ‘discovery of disease entities (especes naturelles),
characterised by a set of physical and psychological symptoms, and by a special
evolution’ (Ritti 1864, as translated by Pichot 1995). This focus on ‘disease
evolution’, i.e. the specifics of the longitudinal course of an illness, was to strongly
influence Kahlbaum and, later, Kraepelin.

1.5 ‘Manic-Depressive Insanity’ and ‘Bipolar Disorder’

Before we consider the seminal contributions of Kraepelin and Leonhard, we need to
be aware of the critical influence on their thinking of their German predecessor
Kahlbaum, who worked in Dresden in the mid- to late nineteenth century. Kahlbaum,
similarly to Falret and Baillarger, focused on the centrality of the longitudinal course
of the illness. He urged abandonment of the more unitary views of psychotic disorders
favored by the leading German academic theorists of his time such as Griesinger
(Baethge et al. 2003). Kahlbaum’s approach to nosology strongly influenced
Kraepelin’s views, and he detailed a number of conditions that were to be later
incorporated in the diagnostic systems of Kraepelin and Leonhard.

First, in 1874, Kahlbaum described ‘catatonia’. He detailed overactive and
underactive forms of this condition, which he saw as a ‘motility psychosis’ and
usually episodic (Healy 2008). This concept of catatonia as an episodic psychotic
disorder strongly influenced the later thinking of Wernicke, Kleist, and Leonhard,
though later evaluations of the cases described in his writings suggest that their
actual clinical presentations were not consistent with his definition of catatonia as
cyclic presentations with consecutive symptoms of melancholia, mania, stupor,
confusion, and ultimate dementia (Berrios 1996, p. 383).
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Second, Kahlbaum described (and coined the term) cyclothymia, contrasting this
condition with vesania typica circularis or circular insanity (Kahlbaum 1882)
which he inferred to be a widely held concept. According to Kahlbaum, vesania
typica circularis was usually psychotic, leading to hospitalisation for manic and
depressive episodes. Cyclothymia showed similarly cyclical, though less severe,
variations in mood (Berrios 1996, p. 311), reminiscent of many current patients
diagnosed with BD-II (see below).

Details of Kahlbaum’s concept of cyclothymia were later elaborated upon by his
younger colleague Hecker (1898):

In his lecture on cyclic insanity, published in “Der Irrenfreund” in 1882, Kahlbaum
distinguishes two forms of circular psychosis. In his opinion, these forms are considerably
dissimilar. He describes a form that he termed Vesania typica circularis as having a
tendency to end up in a demented state after several episodes of melancholic and manic
episodes have occurred. A contrasting form was termed by Kahlbaum as cyclothymia
which, he proposed, never proceeds to confusion and dementia, even after lifelong duration.
In the first form, typica circularis, we observe that all the major mental functions are
affected, whereas in cyclothymia we see only a fluctuation of two opposed mood states,
namely dysthymia and hyperthymia. In cyclothymia reasoning is more or less completely
unaffected, indicating that it is a pure mood disorder. Kahlbaum rightly draws our attention
to the fact that it is not rare for cyclothymia to occur with such a mild intensity that most
cases are not admitted to mental asylums.

These developments now bring us to Emil Kraepelin, one of the most influential
figures on modern thinking concerning BD, with his description of (and coining of
the term) ‘manic-depressive insanity’. Kraepelin, whose main work was undertaken
in Heidelberg and Munich, was a leading German academic psychiatrist of the late
nineteenth and early twentieth century. His major contribution was to distill—from
the hitherto morass of ill-classified and poorly defined severe mental illnesses—two
major forms of psychotic disorder, i.e. ‘dementia praecox’ (schizophrenia) and
‘manic-depressive insanity’. His manic-depressive insanity was defined mainly on
the basis of the recurrent or phasic nature of the condition (reflecting the influence
of Falret’s and Kahlbaum’s emphases on a longitudinal approach), in conjunction
with the symptoms being primarily disturbances of mood. He counterposed this
condition against ‘dementia praecox’ which was characterised by a chronic and
usually deteriorating course and reflective of disturbed thinking.

He first employed the term ‘manic-depressive insanity’ in the sixth edition of his
widely influential textbook on psychiatry (Kraepelin 1899). His ‘manic-depressive
insanity’ was a much broader concept than our modern ‘bipolar disorder’. This
diagnostic grouping became influential in the English speaking world after publi-
cation of the 1921 English translation of ‘Manic-depressive Insanity and Para-
noia’—a selection from the multivolume eighth edition of his textbook that was
published between 1909 and 1915 (Kraepelin 1921). In his introduction to this
volume, Kraepelin stated:

Manic-depressive insanity ... includes on the one hand the whole domain of periodic and
circular insanity, on the other hand simple mania, the greater part of the morbid states
termed melancholia, and also a not inconsiderable number of cases of amentia (confusional
or delirious insanity). Lastly, we include here certain slight and slightest colourings of
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mood, some of them periodic, some of them continuously morbid, which on the one hand
are to be regarded as the rudiment of more severe disorders, on the other hand pass over
without sharp boundary into the domain of personal predisposition. In the course of the
years I have become more and more convinced that all the above-mentioned states only
represent manifestations of a single morbid process. (p. 1).

In that text, he goes on to emphasise ‘certain common fundamental features’
which recur. Further, these morbid forms ‘not only pass over the one into the other
without recognisable boundaries, but that they may even replace each other in one
and the same case. . .. it is fundamentally and practically quite impossible to keep
apart in any consistent way simple, periodic, and circular cases; everywhere there
are gradual transitions.” (p. 2).

He then articulates a further critical delineation from dementia praecox:

A further common bond ... is their uniform prognosis. ... the universal experience is
striking, that the attacks of manic-depressive insanity within the delimitation attempted
here never lead to profound dementia, not even when they continue throughout life almost
without interruption. (p. 3).

The centrality of the course of the illness to his concept is articulated later in the
1921 text: ‘The starting point of the conception of the disease is formed by the
concept of the periodic or ... intermittent psychic disorders. This doctrine was
elaborated principally by the French alienists.” (p. 185).

He argued strongly against delineating further subgroups within his ‘omnibus’
disorder:

The different varieties of course taken by manic-depressive insanity . . . have been analysed
into a series of clinical sub-varieties, specially by Falret and Baillarger, who first made us
intimately acquainted with this disease; these sub-varieties are intermittent mania and
melancholia, regular and irregular type, folie alterne, folie a double forme, folie circulaire
continue. I think that I am convinced that that kind of effort at classification must of
necessity wreck on the irregularity of the disease. (p. 139).

Kraepelin’s other major argument for the integrity of his concept was the
apparent shared genetic origins: ‘As a last support of the view here represented of
the unity of manic-depressive insanity the circumstance may be adduced, that the
various forms which it comprehends may also apparently mutually replace one
another in heredity. In members of the same family we frequently enough find side
by side pronounced periodic or circular cases, occasionally isolated cases of ill
temper or confusion, lastly very slight, regular fluctuations of mood or permanent
conspicuous colouration of disposition.” (p. 3). Later in that text he stated: ‘I could
demonstrate (hereditary taint) in about 80 per cent of cases observed in Heidel-
berg.” (p. 165).

It should be noted here, however, that Kraepelin held varying opinions at
different points of his career about the breadth of his ‘manic-depressive insanity’.
His main uncertainty related to the status of ‘involutional melancholia’ which was
not incorporated in the broader illness through the seventh edition of his textbook,
though finally included in the eighth (and most influential) edition. This has been
expanded upon in detail by Trede and colleagues (2005) who commented:
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However, our findings indicate a complex evolution of Kraepelin’s MDI concept in the
1880s and 1890s, his use of more creative and less empirical clinical methods than
traditionally believed, and his considerable personal uncertainty about making clear dis-
tinctions among MDI, dementia praecox, intermediate conditions, and paranoid disorders—
an uncertainty that persisted to the end of his career in the 1920s. ... Modern international
“neo-Kraepelinian” enthusiasm for descriptive, criterion-based diagnosis should be tem-
pered by Kraepelin’s own appreciation of the tentative and uncertain nature of psychiatric
nosology, particularly in classifying illnesses with both affective and psychotic features.

Despite these uncertainties and vacillations, Kraepelin’s ‘manic-depressive
insanity’ was widely taken up internationally, largely through the influence of the
English translations of his textbooks and monographs. In his home country of
Germany, however, there was scepticism over the ‘simplicity’ of his proposed
dichotomy of the major psychotic disorders.

Our modern delineated concept of BD arises largely from a strand of German
academic psychiatry distinct from that of Kraepelin, though clearly cognizant of his
work. While the origin of the modern term ‘bipolar disorder’ is largely ascribed to
Karl Leonhard (1957), he himself was strongly influenced by the writings of
Wernicke (the neuropsychiatrist who described Wernike’s area in the brain—the
specific receptive speech area—and Wernicke—Korsakoff syndrome) and his aco-
lyte, Kleist.

Wernicke, who worked in Halle, was a contemporary of Kraepelin, born
eight years earlier, and prominent due to his major neurological discoveries.
Wernicke was also influenced by Kahlbaum and endorsed his call for the distinction
of syndromes based on clinical observation (Lanczik et al. 1995). Wernicke’s
contention, unlike Kraepelin whose approach was largely clinical, was that classi-
fication should take into account neurological localisation. Wernicke considered
that it was not possible at that time to identify separate psychiatric disorders and
remained an ardent adversary of Kraepelin, whose dichotomising of the major
psychiatric disorders he viewed as overly simplistic. Essentially, Wernicke
attempted to understand clinical observations from an abstract notion of neuropath-
ological functioning. Like Kahlbaum, he categorised psychiatric disorders on the
neurological concepts of function, i.e. hyper-, hypo-, and para-function. He also
described a ‘motility symptom complex’, regarding motility disturbances as a
‘symptom complex’ that could occur in different psychotic disorders (Perris 1995).

Wernicke’s classification of the psychoses was complex, based as it was on his
concept of the three major contributants to consciousness—the environment, self,
and body (Lanczik et al. 1995). He, therefore, created an overarching classification
system for a variety of endogenous psychoses: autopsychoses (resulting from
having false impressions of oneself), allopsychoses (having false impressions of
the environment), and somatopsychoses (having a distorted experience of one’s
own body). He conceived of melancholia and mania as examples of autopsychoses,
associated with symptoms of intrapsychic afunction and hyper-function,
respectively.

Kleist was one of the most prominent students of Wernicke, similarly attempting
to understand clinical observations from a neuropathological perspective. He
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maintained the independence of a group of ‘motility psychoses’ distinct from other
psychotic disorders (Perris 1995). He went on to coin the term ‘cycloid psychoses’
(zykoloiden Psychosen) in 1926, which he distinguished from, on the one hand, the
‘mood psychoses’ comprising mania, melancholia, and manic-depressive insanity,
and schizophrenia on the other. Kleist conceived of a broad group of ‘bipolar
phasophrenias’ which included the cycloid psychoses.

It is from Leonhard (1957)—one of Kleist’s followers—however, that modern
use of the term ‘bipolar disorder’ is derived. It should be recognised, though, that
this concept was one component of a highly complex nosological system of
‘endogenous’ psychoses, which comprised 38 distinct clinical illnesses. First,
Leonhard subdivided the affective psychoses into bipolar (manic-depressive) and
unipolar (manic and depressive) forms. He also categorised the cycloid psychoses
into three subtypes (anxiety—happiness psychosis, confusion psychosis, and motil-
ity psychosis). He also considered these cycloid psychoses to be ‘bipolar’ disorders,
with the bipolar manifestations occurring more frequently within episodes rather
than as distinct episodes of differing polarity (Perris 1995).

As with Wernicke, Leonhard was scathing of the Kraepelinian dichotomy of the
psychoses: ‘Kraepelin’s classification into only two forms has been damaging. He
himself attempted many finer distinctions with great enthusiasm and continued
open-mindedness, but his followers ignored this; they only saw the coarse division
into dementia praecox and the manic-depressive disease.” (Leonhard, in his Intro-
duction to the 1979 English translation of his 1957 monograph; p. xv).

Leonhard placed a major emphasis on bipolar presentations being ‘polymorphic’
as opposed to the ‘pure’ unipolar depressive and manic presentations:

... in bipolar cases no clear syndromes can be described since there are many transitions
between various formations and the picture may even be distorted during one phase. . .. The
opposite phase will merely hint at itself not infrequently though it cannot fail to be
recognised. ... With the essentially unipolar forms, there are no signs of lability toward
the other poles . ..

Leonhard also presented some (very basic) evidence of genetic validation of this
distinction between unipolar and bipolar disorders, reporting that those with mania
were more likely to have relatives with manic episodes and a lack of such history of
mania in those with unipolar disorders. His overall system was, however, highly
complex and overly detailed. For example, he subdivided the unipolar disorders
further into ‘pure melancholia’ and ‘pure mania’ and ‘pure depressions’ and ‘pure
euphorias’. There was a further level of categorisation, with pure depressions being
grouped into ‘harried’, ‘hypochondriacal’, ‘self-torturing’, ‘suspicious’, and ‘non-
participatory’ depressions. Pure euphorias were grouped into ‘unproductive’,
‘hypochondriacal’, enthusiastic’, ‘confabulatory’, and ‘non-participatory’ forms.
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1.6 Validation of the Concept of Bipolar Disorder

Leonhard’s proposal for distinct bipolar and unipolar disorders was validated in the
mid-1960s by independent studies from Scandinavia (Perris 1966), Switzerland
(Angst 1966), and the USA (Winokur and Clayton 1966).

Perris was an Italian psychiatrist working in Sweden. His study specifically
tested Leonhard’s proposition that the various depressive disorders should be
distinguished on the basis of ‘polarity’. Perris undertook a series of genetic, social,
clinical, neurophysiological, and therapeutic studies, though the most critical of
these were the genetic investigations, based as they were on Leonhard’s contention
that ‘heredity plays a more dominant part in the bipolar than in the unipolar forms’.
(Perris 1966, p. 11):

As a result of our division into bipolar and unipolar cases, we have been able to confirm
Leonhard’s observation that the overall heredity for psychoses is greater in bipolar
probands. .. Moreover, the results of our investigation seem to indicate a specificity in
the heredity of depressive psychoses. This is supported by the high morbidity risk for the
same form of illness and the low for the other one within each group. Manic probands are
closer to the bipolar than the unipolar probands. (Perris 1966, p. 41).

The latter observation led to what Leonhard termed ‘unipolar mania’ being
incorporated into the broader concept of BD, though Angst has continued to
contend that it should be considered as a separate entity (Angst and Grobler 2015).

The findings of the eminent Swiss psychiatrist Jules Angst were published in a
monograph in German several months prior to Perris (Angst 1966) and were in fact
referred to in the aforementioned publication by Perris and seen as broadly similar
in its findings. Angst later summarised some of the major findings of his own study
(Angst and Marneros 2001): (1) unipolar depression differs significantly from BD
in many characteristics such as genetics, gender, course, and premorbid personality
and (2) late-onset depression (‘involutional melancholia’) seems to belong to
unipolar depression. George Winokur, in the USA, published analogous findings
to those of Perris and Angst (Winokur and Clayton 1966).

David Healy, a thoughtful contemporary commentator on the concept of BD and
its history (Healy 2008, 2010) has further contended that the therapeutic studies on
lithium in the 1940s, 1950s, and 1960s by Cade (Cade 1949; Mitchell and Hadzi-
Pavlovic 1999) and Schou (Baastrup and Schou 1967)—which confirmed its
efficacy in mania (both acutely and prophylactically)—accelerated interest in this
condition and the rapid acceptance of the new diagnostic proposals.
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1.7 Incorporation of ‘Bipolar Disorder’ into
Operationalised Diagnostic Criteria

In 1965, the broad ‘Kraepelinian’ concept of manic-depressive psychosis was
accepted into the WHO classificatory system in the eighth edition of the Interna-
tional Classification of Diseases (ICD-8) as a single disease with three symptomatic
forms: manic, depressive, and circular (Pichot 2006). The term ‘bipolar disorder’
was not used in formal diagnostic systems until the late 1970s when it was included
in the US Research Diagnostic Criteria (RDC; Spitzer et al. 1978), the operational
definitions of which were largely incorporated into the DSM-III (American Psy-
chiatric Association 1980). The specific link between Leonhard, Perris, and Angst
on the one hand and the RDC and DSM-III nosologies on the other was George
Winokur. Winokur was one of the leaders of the prominent research group at
Washington University in St. Louis, Missouri that originally developed the
Feighner Criteria (Feighner et al. 1972) and subsequently the Research Diagnostic
Criteria—the first operationalised diagnostic systems in psychiatry. BD has contin-
ued to be incorporated into succeeding iterations of the DSM, though it was not
until 1992 that this term was first used in the International Classification of Diseases
(in the ICD-10).

1.8 Bipolar I and II Disorders and the Bipolar Spectrum
Disorders

BD was further categorised into BD-I and BD-II by Dunner and colleagues (1976)
with the latter condition being defined in terms of severe depression (leading to
hospitalisation) in conjunction with hypomanic episodes. This distinction between
BD-I and BD-II was included in the Research Diagnostic Criteria, and subsequently
the various editions of the DSM, though the criteria for BD-II have changed
considerably over time. A more recent development is the proposal for a ‘soft
bipolar spectrum disorder’ (Akiskal and Mallya 1987), a concept largely premised
on a broad model of affective instability. Since the original descriptions of the soft
bipolar spectrum disorder in the late 1980s and the derived research focus on
patients with ‘subthreshold BD’ (particularly arising from the work of Angst and
colleagues), there has been a major shift in focus in some sectors of both the clinical
and research communities towards patients who would not have been historically
regarded as fulfilling criteria for this condition. The concept of the soft bipolar
spectrum has become increasingly influential, despite a paucity of empirical
validation.
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1.9 Conclusions

In concluding this overview of the history of the evolution of the concept of BD,
several broad themes are apparent. First, the consistency of the clinical descriptions
clearly stands out, from the earliest classical observations to those of the eighteenth
and nineteenth century alienists to contemporary operationalised criteria. Second
(as detailed above), one cannot help but be struck by the oscillation over time
between narrow and broad concepts of this condition: from the very circumscribed
descriptions of Falret and Baillarger to the all-encompassing ‘manic-depressive
insanity’ of Kraepelin. In many ways, the contemporary controversy between the
narrow definition of BD as reflected in DSM-IV and -5 and the breadth of the ‘soft
bipolar spectrum disorder’ recapitulates this historical tension. Third, however,
there is at the same time a clear linearity in the development of ideas, with each
‘generation’ of academic psychiatrists being influenced by, and refining the con-
cepts of, their predecessors.

References

Akiskal HS, Mallya G (1987) Criteria for the “soft” bipolar spectrum: treatment implications.
Psychopharmacol Bull 23(1):68-73

American Psychiatric Association (1980) Diagnostic and statistical manual of mental disorders,
3rd edn. American Psychiatric Association, Washington, DC

American Psychiatric Association (1993) Diagnostic and statistical manual of mental disorders,
4th edn. American Psychiatric Association, Arlington, VA

American Psychiatric Association (2013) Diagnostic and statistical manual of mental disorders,
5th edn. American Psychiatric Association, Arlington, VA

Angst J (1966) Zur Atiologie und Nosologie endogenor depressiver Psychosen. Eine genetische,
soziologische und klinische Studie. Springer, Berlin

Angst J, Grobler C (2015) Unipolar mania: a necessary diagnostic concept. Eur Arch Psychiatry
Clin Neurosci 265(4):273-280

Angst J, Marneros A (2001) Bipolarity from ancient to modern times: conception, birth and
rebirth. J Affect Disord 67(1-3):3-19

Baastrup PC, Schou M (1967) Lithium as a prophylactic agents. Its effect against recurrent
depressions and manic-depressive psychosis. Arch Gen Psychiatry 16(2):162-172

Baethge C, Salvatore P, Baldessarini RJ (2003) Cyclothymia, a circular mood disorder. Harv Rev
Psychiatry 11(2):78-90

Berrios GW (1996) The history of mental symptoms. Cambridge University Press, Cambridge

Cade JF (1949) Lithium salts in the treatment of psychotic excitement. Med J Aust 2(10):349-352

Dunner DL, Stallone F, Fieve RR (1976) Lithium carbonate and affective disorders. V: A double-
blind study of prophylaxis of depression in bipolar illness. Arch Gen Psychiatry 33(1):117-120

Esquirol E (1845) Des Maladies Mentales. Lea and Blanchard, Philadelphia, PA, English trans-
lation Mental Maladies. A Treatise on Insanity by Hunt EK

Falret JP [(1854) 1983] Memoir on circular insanity. Am J Psychiatry 140:1127-1133. English
translation by Sedler MJ and Dessain EC

Feighner JP, Robins E, Guze SB, Woodruff RA, Winokur G, Munoz R (1972) Diagnostic criteria
for use in psychiatric research. Arch Gen Psychiatry 26:57-63



16 P.B. Mitchell

Griesinger W (1867) In Die Pathologie und Therapie der Psychischen Krankheiten. The New
Sydenham Society, London, English translation Mental Pathology and Therapeutics by Rob-
ertson CL and Rutherford J

Haustgen T, Akiskal H (2006) French antecedents of “contemporary” concepts in the American
Psychiatric Association’s classification of bipolar (mood) disorders. J Affect Disord 96
(3):149-163

Healy D (2008) Mania: a short history of bipolar disorder. The Johns Hopkins University Press,
Baltimore, MD

Healy D (2010) From mania to bipolar disorder. In: Yatham LN, Maj M (eds) Bipolar disorder:
clinical and neurobiological foundations. Wiley, New York.

Hecker E [(1898) 2003] Cyclothymia, a circular mood disorder. Hist Psychiatry 14(55 Pt
3):377-399. English translation by Baethge C, Baldessarini RJ

Kahlbaum KL [(1882) 2003] On cyclic insanity. Harv Rev Psychiatry 11(2):78-90. English
translation and commentary. Baethge C, Salvatore P, Baldessarini RJ

Kraepelin E (1899) Ein Lehrbuch fiir Studirende und Aertze. Barth, Leipzig

Kraepelin E (1921) Manic-depressive insanity and paranoia. E & S Livingstone, Edinburgh,
English translation by Barclay RM, Edited by Robertson GM

Lanczik MH, Beckmann H, Keil G (1995) Wernicke. In: Berrios GE, Porter R (eds) A history of
clinical psychiatry. Athlone Press, London

Leonhard K (1957) Aufteilung der Endogenen Psychosen. Akademie-Verlag, Berlin, English
translation as The Classification of Endogenous Psychoses, 5th Edition by Berman R, Edited
by Robins E. Irvington Publishers, New York

Mitchell PB (2012) Bipolar disorder: the shift to overdiagnosis. Can J Psychiatry 57(11):659-665

Mitchell PB, Hadzi-Pavlovic D (1999) John Cade and the discovery of lithium treatment for manic
depressive illness. Med J Aust 171(5):262-264

Perris C (1966) A study of bipolar (manic-depressive) and unipolar recurrent depressive psycho-
ses. Acta Psychiatr Scand 42(Suppl 194):1-189

Perris C (1995) Leonhard and the cycloid psychoses. In: Berrios GE, Porter R (eds) A history of
clinical psychiatry. Athlone Press, London

Pichot P (1995) The birth of the bipolar disorder. Eur Psychiatry 10(1):1-10

Pichot P (2006) Tracing the origins of bipolar disorder: from Falret to DSM-IV and ICD-10. J
Affect Disord 96(3):145-148

Pinel P (1806) Traite Medico-Philosophique sur I’ Alienation Mentale. W. Todd, Sheffield, English
translation A Treatise on Insanity by Davis DD

Prichard J [(1835) 1965] Reproduced in “Three hundred years of psychiatry 1535-1860” by
Hunter R and Macalpine 1. Oxford University Press, London, p 836

Ritti A [(1864) 1879] Folie a double forme. In: Dechambre A (ed) Dictionaire encyclopedique des
sciences medicales — 4th Series. T. 3. Masson/Asselin, Paris, pp 321-339

Roccatagliata G (1986) A history of ancient psychiatry. Greenwood Press, Westport, CT

Spitzer RL, Endicott J, Robins E (1978) Research diagnostic criteria: rationale and reliability.
Arch Gen Psychiatr 35:773-782

Trede K, Salvatore P, Baethge C, Gerhard A, Maggini C, Baldessarini RJ (2005) Manic-depressive
illness: evolution in Kraepelin’s textbook, 1883—1926. Harv Rev Psychiatry 13(3):155-178

Winokur G, Clayton P (1966) Family history studies. I. Two types of affective disorders separated
according to genetic and clinical factors. Recent Adv Biol Psychiatry 9:35-50

Wyman R [(1830) 1965] Reproduced in “Three hundred years of psychiatry 1535-1860” by
Hunter R and Macalpine 1. Oxford University Press, London, p 8§10



Chapter 2
The Clinical Diagnosis of Bipolar Depression

Gordon Parker

Abstract This chapter overviews considerations as to the nature of bipolar depres-
sion, an issue of some importance because of potential treatment implications.
Representative studies indicate that those with a bipolar I disorder (BD-I) are
somewhat likely to experience psychotic depression during depressive episodes,
while for the remainder, a melancholic depressive state is most likely to be
experienced. In contrast, for those with a bipolar II disorder (BD-II), episodes of
psychotic depression are extremely rare, and most are more likely to experience
melancholic depressive episodes. For both BD subtypes, ‘bipolar depression’ is
rarely non-melancholic in nature, although as non-melancholic depressive episodes
can be experienced by any individual as a consequence of life stressors, those with
BD are also likely to acknowledge such episodes as well. Identification of the
bipolar depressive subtype is therefore best addressed in relation to the individual’s
prototypic episodes. The high rates of nonpsychotic and psychotic melancholic
depression in those with BD invite consideration as to whether such episodes differ
from similar states experienced by those with equivalent unipolar states. Several
studies indicate that certain symptoms, such as the ‘atypical features’ of
hypersomnia and hyperphagia, may be more frequent in bipolar than unipolar
melancholia, but the general conclusion is more one of similarity than of differ-
ences in symptom patterns. As bipolar depression is principally of the ‘melan-
cholic’ type, clinical features weighting a diagnosis of melancholia are considered
in some detail. Finally, several management nuances in managing bipolar depres-
sion are briefly noted.
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18 G. Parker
2.1 Introduction

The bipolar disorders (both bipolar I (BD-I) and bipolar II (BD-II)) are mood
disorders principally marked by oscillations in mood and energy across the hypo/
manic and depressive phases. How features of the depressed phase (i.e. bipolar
depression) differ from unipolar depression is not simply of definitional interest but
should assist diagnosis and, as a consequence, management too.

A number of studies (reviewed shortly) have considered how the depressed
phases experienced by those with BD differ from ‘unipolar depression’. On theo-
retical grounds, such a question is unlikely to able to be answered with any
precision when unipolar depression is a dimensional construct encompassing
quite heterogeneous depressive states. If a dimensional model is applied, unipolar
depression includes major and minor clinical depressive conditions (also very
heterogeneous constructs). If a subtyping approach is adopted, candidate unipolar
depressive conditions include psychotic depression, melancholic depression, and a
heterogeneous mix of residual non-melancholic conditions. Thus, rather than ques-
tion how bipolar depression differs from unipolar depression, a more productive
question is how bipolar depression may correspond to or differ from distinctive
unipolar depression subtypes. In essence, does bipolar depression correspond most
closely to psychotic depression, melancholic depression, or the residual category of
unipolar non-melancholic depression?

In this chapter, I will first overview previous studies that have explored the
nature of bipolar depression, and that suggest that ‘bipolar depression’ corresponds
most closely to unipolar melancholic and psychotic depression. I will then detail
features that distinguish those depressive subtypes and make some brief comments
about management models that respect such findings.

2.2 Previous Studies

Goodwin and Jamison (2007) tabulated relevant studies published over the preced-
ing 50 years. They noted that most studies compared unipolar and BD-I patients and
observed that bipolar-unipolar differences appear clearer when the BD-II group was
excluded from such examinations. They concluded that the most widely replicated
findings were that BD-I (compared to unipolar) depressed patients were more likely
to show mood lability, psychotic features, and psychomotor retardation and to
report more comorbid substance abuse; in contrast, ‘typical unipolar patients in
these studies had more anxiety, agitation, insomnia, physical complaints, anorexia
and weight loss’ (p. 17). They also noted that so-called atypical features
(i.e. hypersomnia, increased weight, and appetite) were more likely to be reported
in BD-II than in unipolar depressed patients. They too emphasised that heteroge-
neity in samples of unipolar patients provided a source of diverse findings, while
differences between BD-I depressive and BD-II depressive states needed to be
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identified in any study examining for clinical differences. In their synthesis, they
judged that those with BD-II (1) were more likely to be female, (2) were more likely
to experience comorbid anxiety and alcohol abuse, (3) had less severe but more
frequent and chronic depressions, and (4) had shorter inter-episode intervals. In
contrast, the BD-I patients were more likely to have severe and prolonged episodes
and higher rates of psychosis and hospitalizations.

A number of studies undertaken by our group will now be reviewed as they
consider the nature of the diagnostic subtype(s) in bipolar depression rather than
differences in clinical features.

Parker and colleagues (2000) reported a study of patients attending a tertiary
referral mood disorder unit, with the sample comprising 83 bipolar and 904 unipolar
depressive patients. DSM diagnoses established a higher rate of psychotic depres-
sion (19.3 % vs. 10.4 %) as well as of melancholic depression (68.7 % vs. 36.9 %) in
the BD participants and therefore a distinctly lower rate of non-melancholic
depression (12.0 % vs. 52.7 %) when compared to the unipolar participants. Exam-
ining symptoms reported during the depressed phase in the two groups (which,
importantly, did not differ significantly in terms of age or gender) established that
those in the BD group were more likely when depressed to report appetite loss,
slowed thinking, indecision, being slowed physically, a loss of interest, anticipatory
anhedonia, non-reactivity to both friends and events, a non-variable mood, patho-
logical guilt, and psychotic features. These features are historically weighted to
melancholic and—in relation to delusions—to psychotic depression. Another study
nuance was that decisions in regard to melancholic or non-melancholic depression
status were made by three differing diagnostic strategies. Across all three defini-
tions of melancholia, it was established that bipolar depression was distinctly more
likely to be ‘melancholic’ in terms of its clinical features, while those with bipolar
depression were also somewhat more likely to have psychotic depression.

Another study (Parker et al. 2006) that explored differences between bipolar and
unipolar depression examined BD-I and BD-II subjects separately (and not as an
overall ‘bipolar’ group) in comparison with a residual set of unipolar depressed
patients. Study findings allowed the generation of an ‘isomer model’ for differen-
tiating BD-I and BD-II from each other. Such differentiation is important because
recent DSM manuals (including DSM-5) define mania and hypomania (and thus
BD-I and BD-II) with very similar criteria sets. In essence, DSM symptoms are
identical for both mania and hypomania—as is the cut-off score for their pres-
ence—so that the two conditions are essentially only differentiated across duration,
severity, and hospitalisation parameters. The study involved comparing those who
were assigned a BD-I diagnosis, respecting DSM-IV decision rules for mania (other
than imposing any duration criterion), but required manic episodes to be associated
with either (1) distinct impairment, (2) psychotic features at any time, or
(3) hospitalisation during a high. A BD-II diagnosis was assigned to those who
met DSM-IV decision rules for hypomania (again ignoring any duration criterion)
but did not meet criteria on any of the three BD-I defining features listed in the
previous sentence. Consecutive recruitment of 157 patients attending the clinic
assigned 49 as having BD-I, 52 as having a BD-II, and 56 as having a unipolar
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depressive disorder. The groups did not differ significantly by age or gender, nor did
they differ in terms of social class, family history of BD, or age of onset at either
their initial hypo/manic episode or initial depressive episode. By diagnostic assign-
ment rules, none of the BD-II subjects had experienced psychotic features or been
hospitalised when high, while two-thirds of the BD-I subjects reported psychotic
features when high, and one-third had required hospitalisation. Importantly, 41 % of
the BD-I subjects had experienced psychotic features when depressed compared to
0% of the BD-II subjects, a finding that generated the ‘isomer model’ (described
shortly) as a consequence of the specificity of psychotic features to BD-I in both
hypo/manic and depressed moods.

In this study, several sets of analyses failed to establish any significant differ-
ences between the severity of manic and hypomanic symptoms, suggesting that the
nature and severity of the ‘core’ mood/energy increase in hypomanic and manic
states differs only marginally. Thus, levels of mood and energy are not clearly
helpful in differentiating BD-I and BD-II states. We concluded that both disorders
are unlikely to be successfully modelled or measured by any strategy that merely
assesses the core construct of increased mood/energy and therefore proposed an
‘isomer model’. This model assumes that the elevated mood/energy state is the
‘core’ construct to BD, being shared across BD-I and BD-II states, but is somewhat
more severe in BD-I conditions. Mood and energy decreases are viewed as the core
construct for melancholic and psychotic depressive states, with that core compo-
nent being somewhat more severe in psychotic depression than in melancholic
depression. In the same way, the model assumes that the presence of psychotic
features provides a psychotic ‘mantle’ distinguishing BD-I from BD-II.

The principal advantage of the model is that it argues that ‘mania’ is reserved
simply for those BD individuals who experience psychotic features during an
elevated mood state (at some period in their lifetime). In contrast, those who have
never been psychotic at such times are assigned to a BD-II category. The model is
underpinned by the empirical data embedded in this paper and that goes to the thrust
of this chapter—that those who have BD and have had psychotic features when high
(BD-I according to the model) are moderately likely to have psychotic features
when depressed (41 % in this study). In contrast, those who have never experienced
psychotic features when high (and had been assigned a BD-II diagnosis) are
unlikely to have experienced psychotic features when depressed (quantified as
0% in this study). In essence, a mood/energy construct forms the core construct
for the oscillations (and is not in and of itself differentiating), while the presence or
absence of a ‘mantle’ of psychotic features provides categorical differentiation of
BD-I and BD-II, respectively. In relation to the focus of this chapter, the message is
that BD-I depression is likely to be psychotic or melancholic in its nature, while
BD-II depression is virtually never psychotic in nature but likely to be melancholic
in its type. This study further underlines the earlier point about the need to study
BD-I and BD-II separately (rather than simply examining amalgamated samples of
BD-I and BD-II subjects) when studying the nature of bipolar depression.

Parker and Fletcher (2009) focused on patterns of depression in BD-II patients
only and when compared to unipolar depressed patients. They studied a consecutive
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group of those attending a tertiary referral centre and reported data returned by
119 BD-II and 275 unipolar depressed patients. No significant differences were
found between the groups in terms of gender or state depression severity scores, but
the BD-II subjects were significantly younger. Comparison of depressive symptoms
experienced during depressed phases identified only two differences: the BD-II
subjects were more likely to report their thinking as slowed and felt less ‘need to be
close to people’. In a refined analysis after the groups had been matched for age, the
groups showed minimal differences in depressive patterns. In further analyses,
depressive symptoms in the BD-II group were compared with subsets of those
with a unipolar melancholic and those with a unipolar non-melancholic depression
to determine whether the clinical depressive pattern for those with BD-II approx-
imated more to a melancholic or to a non-melancholic pattern of depressive
features. The unipolar melancholic subjects were more likely to return higher scores
on classical melancholic symptoms (e.g. anticipatory and consummatory anhedo-
nia, mood non-reactivity, psychomotor slowing, and weight loss), supporting their
diagnostic subtype assignment and thus allowing the secondary analyses to pro-
ceed. Those analyses showed that the depressive pattern in the BD subjects approx-
imated more to the unipolar melancholic than to the unipolar non-melancholic
subset, specifically in terms of psychomotor and cognitive slowing. The study
also examined the impact of age on symptom ratings and established a number of
trends, one of which was significant. This nuance is important in suggesting that
studies seeking to determine differences between bipolar and unipolar depression
should control for the age of participants when making comparisons.

Parker and colleagues (2013) employed the SMPI (Sydney Melancholia Proto-
type Index) in another comparative study. The SMPI provides 12 prototypic fea-
tures of melancholic depression and 12 features of non-melancholic depression.
These ‘features’ include symptoms and illness correlates—including premorbid
functioning, personality factors, distal and proximal stressors, and ongoing emo-
tional dysregulation—all of which capture historical differences between melan-
cholic and non-melancholic depression. This study used both the self-report and the
clinician-rated SMPI measure to investigate whether bipolar depression is proto-
typically closer to melancholic than non-melancholic depression. The sample
comprised 901 subjects, with 468 having a BD condition (46 BD-I and
422 BD-II) and 433 having a unipolar longitudinal pattern. The composite group
of BD patients was more likely to be female, have a younger onset of their
depression, be older at initial assessment, more likely to have an illicit drug
problem, and more likely to have a lifetime anxiety disorder in comparison to
both unipolar melancholic and non-melancholic patients. Comparison of the BD
and composite unipolar groups on the 12 SMPI prototypic melancholic clinical
features (as rated by clinicians) indicated higher prevalences in the BD group for
most items; five were significant for the self-report measure, and nine of the 12 were
significant for the clinician-rated measure. A converse pattern was suggested for the
12 SMPI non-melancholic prototypic features, with the BD group reporting signif-
icantly lower prevalences for eight of the 12 items.



22 G. Parker

In essence, the BD patients were more likely than the comparator unipolar
patients to report their depression as being disproportionately severe compared to
their circumstances, for depression to be less consistent with circumstances, for
there to be less likelihood of a clear cause for their depression, and for their
depressed mood to be less reactive to positive events and to support. They were
also more likely to report anergia, anhedonia, physical slowing, impaired concen-
tration, and for their depression to be more likely to come ‘out of the blue’. In
essence, BD participants were distinctly more likely to report prototypic melan-
cholic clinical features and a more endogenous onset, again supporting a conclusion
that bipolar depression is more likely to be melancholic in nature. Additional
analyses compared item prevalences in the BD group with those in the unipolar
melancholic and non-melancholic depressive subtypes to determine whether the
prototypic pattern for bipolar depression corresponded to either pattern. The bipolar
depressed group differed distinctly from the non-melancholic unipolar subset on
22 of the 24 comparisons but less distinctly from the melancholic subjects (with
only 11 of 24 being significant), indicating again that bipolar depression was
phenotypically closer to melancholic than to non-melancholic depression. Differ-
entiation using this prototypic measure appeared more distinctive than findings
from previous studies examining differences on the basis of symptoms only.

A self-report depression severity measure included in this study also allowed
consideration as to whether atypical features of hypersomnia and hyperphagia were
over-represented in those with bipolar depression as had been suggested from
clinical observations. The BD patients were more likely than the unipolar to affirm
hyperphagia (46.9 % vs. 39.2 %) and hypersomnia (56.8 % vs. 38.2 %). However,
while such atypical features are relatively common in BD patients, they appear to
also be common in those with a unipolar depressive condition, with rates in this study
suggesting a relatively similar prevalence of such symptoms in the melancholic and
non-melancholic subsets. In an earlier paper considering the nature of ‘atypical
depression’ (Parker et al. 2002), we proposed that such atypical features may be
better conceptualised as reflecting a homeostatic mechanism seeking to reset the
depressed individual’s level of emotional dysregulation. Such data suggest that—
whether homeostatic or not—they are not specific to any depressive type per se but
that they are likely to be more prevalent in bipolar than unipolar depressive states.

Frankland and colleagues (2015) compared 202 patients with a DSM-IV diag-
nosis of BD-I, 44 patients with BD-II, and 120 patients with a unipolar major
depressive disorder diagnosis. In comparison with the unipolar depressive group,
the BD-I patients were significantly more likely to report terminal insomnia,
hypersomnia, psychomotor retardation, difficulty thinking, morning worsening,
and psychotic features (indicating a depressive pattern suggestive of psychotic
and melancholic depression). Compared to the unipolar group, the BD-II patients
were more likely to report initial insomnia, excessive guilt, difficulty thinking, and
morning worsening (suggestive of a melancholic pattern) and also to report more
‘mixed’ features. This study had the advantage of comparing both BD-I and BD-II
subsets against those with a unipolar depression and effectively reported that while
melancholic and psychotic depressive patterns were more likely in the BD-I
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participants, only melancholic features were more common in the BD-II
participants.

2.3 Differences Between Unipolar and Bipolar Melancholic
Patients

Such studies—indicating that bipolar depression is likely to be more melancholic
than non-melancholic in type—allow that conclusion to be pursued by comparing
unipolar and BD patients who are judged to experience melancholic depressive
episodes. Mitchell and colleagues (1992) recruited depressed patients who met
three differing criterion measures (DSM-III, RDC, and CORE) for a diagnosis of
melancholia. Of the 138 patients, 27 were rated as having BD (17 manic, 10 hypo-
manic); after matching for age and gender, this group was compared with 27 uni-
polar ‘melancholic’ subjects (i.e. given a melancholia diagnosis by all three
measures). Age of onset was similar. The BD patients reported significantly briefer
depressive episodes, but the two groups did not differ on either self-reported or
clinician-rated depression severity measures, while similar percentages (15 % BD
vs. 22 % unipolar) were judged to have a clinical diagnosis of psychotic melancho-
lia. In terms of mental state signs, there was a general trend for BD patients to be
rated as showing more psychomotor agitation and less psychomotor retardation, to
show a greater loss of appetite, and to be more likely to report subjective agitation
and more ‘vegetative’ abnormalities such as early morning wakening, and diurnal
variation with mood and energy being worse in the morning.

In a replication study, Mitchell and Sengoz (1996) adopted a similar methodol-
ogy and compared 25 DSM-III-R-defined bipolar melancholic patients with a
similar number of unipolar melancholic patients, with the groups matched by age
and gender. The groups did not differ by age of onset of the first episode of
depression, but there were trends for the duration of the current episode of depres-
sion to be briefer in the BD subjects and for them to have had more previous
episodes. The two groups did not differ by depression severity nor by prevalence of
psychotic features, but there was a trend for BD patients to be more likely to be
psychotic during a previous episode. In terms of mental state signs, the only formal
difference was for the bipolar melancholic patients to demonstrate shortened verbal
responses (suggesting psychomotor retardation). When compared across 18 symp-
toms, the BD patients were less likely to report initial insomnia and suicidal
thoughts but more likely to report hypersomnia. Mitchell and Sengoz concluded
(p- 178) that analyses across the two studies indicated that there were more
similarities than differences between the BD and unipolar patients in terms of
cross-sectional clinical features and that the close phenotypic resemblance argued
for ‘a commonality of biological dysfunction at some level’.

The studies reviewed in the first two sections suggest that those with BD-I are
likely to have a psychotic or melancholic depressive pattern during depressed
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phases while those with BD-II are unlikely, when depressed, to have a psychotic
depressive pattern. They are, however, likely to have melancholic depression;
consequently ‘bipolar depression’ overall rarely evidences a non-melancholic
depressive pattern. The lack of absolute specificity is likely to reflect two key
factors (apart from measurement error). First, even if BD patients are most likely
to experience (psychotic or nonpsychotic) melancholic depression as their proto-
typic depressive pattern, this does not mean they are not vulnerable to
non-melancholic depressive episodes as might be experienced by any individual
in response to some major stressors. Second, it may well be that a percentage of BD
patients do experience episodes of non-melancholic depression as their standard
depressive phenotype, but how common or rare this is remains unclear. Thus, if
bipolar depression is principally melancholic or psychotic depression, what might
be the best ‘signals’ for identifying such depressive subtypes?

2.4 Clinical Features Indicative of a Melancholic or
Psychotic Depression

If BD patients are most likely to experience episodes of depression marked by
melancholic features, it is important to be able to identify melancholia on the basis
of clinical symptoms. Historically, a number of so-called endogeneity symptoms
(e.g. anhedonia, mood non-reactivity) and vegetative symptoms (e.g. appetite loss,
terminal insomnia) have been weighted. In our own studies, we have found that,
while a number of such symptoms are common in melancholic depression, they are
also common in those with non-melancholic depression. I therefore now detail
features that we find clinically—as well as in our research studies—to be distinctly
more common in melancholic than in non-melancholic depression; a number are
included in the SMPI measure detailed earlier.

2.4.1 Psychomotor Disturbance

Historically (see Jackson 1986; Parker and Hadzi-Pavlovic 1996; Taylor and Fink
2006), melancholia was viewed more as a disorder of movement than of mood, with
motor components including retardation and/or agitation. Retardation may be
evidenced by a slowing of walking and talking, as well as facial immobility,
postural slumping, a monotonous voice, scarcity of speech, and a loss of light in
the eyes. Agitation can often be seen physically or mentally, with the patient often
speaking in sharp and abrupt sentences, appearing preoccupied and unable to settle,
experiencing multiple worrying thoughts, or having physical symptoms such as
churning in the stomach and a fairly characteristic importuning refrain (i.e. “What’s
going to become of me”’). In both the retarded and agitated expressions, concentration
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is likely to be significantly impaired (with ‘foggy thinking’ and fewer thoughts). An
impaired capacity to absorb information occurs in both those with retardation and
agitation often due to the scarcity and slowness of thought in retardation and multiple
racing thoughts in those with agitation. Those with the ‘retarded’ form of melancholia
tend to show such features consistently (although there may be a diurnal variation
with retardation improving in late mornings), while those with the ‘agitated’ form of
melancholia tend to have a base of retardation and superimposed epochs of agitation,
with agitation also generally worse in the mornings. Psychomotor disturbance is
generally more distinctive in older subjects with melancholia and may be one of the
most distinctive phenomenological features in psychiatry in terms of its specificity to
melancholia, but it is only distinctive in a small percentage of younger patients
(i.e. those under the age of 40). In essence, when distinctive, it strongly supports a
diagnosis of melancholia; however, as melancholia can present without substantive
psychomotor disturbance, its absence does not reject a diagnosis of melancholia.
Such an age impact on this phenotypic disturbance may reflect those with melancho-
lia progressively recruiting more monoaminergic circuits (especially dopaminergic
ones). As those with melancholia grow older, this age-related change in phenotype
may perhaps also explain why those with melancholia tend to report a progressive
lack of response to narrow-action antidepressants over the years. The ‘psycho’
component of psychomotor disturbance is considered next.

2.4.1.1 Impaired Concentration

Many measures of melancholia weight the presence of distractible thoughts and
poor concentration. However, these constructs need to be assessed carefully as
impaired concentration is actually common in melancholia and non-melancholic
depression. However, those with a non-melancholic depression tend to report lots of
racing and/or worrying thoughts that impair their concentration and make them
distractible. In melancholia, the individual is much more likely to report their
thinking as ‘foggy’ with fewer and foggier thoughts as well as difficulty absorbing
information, so that reading a book or preparing for an examination can become
distinctly compromised.

2.4.1.2 Anergia

I view it as important to distinguish between anergia, fatigue, and a lack of
motivation. While fatigue and amotivation are common in those with melancholia,
they are also common in non-melancholic depression; in contrast, anergia (or lack
of physical energy) is far more distinctive in melancholic patients. As a conse-
quence, rather than asking about fatigue or amotivation, I ask ‘Do you find it
difficult to get out of bed in the morning and to get going? Possibly even failing
to have a bath or shower’? Those with distinct anergia will generally affirm this



26 G. Parker

probe question, detailing that they may stay in bed for many hours or, if they get out
of bed, they may only move to the lounge, without bathing or washing for days or
even weeks.

2.4.1.3 Anhedonic and Non-reactive Mood

Earlier studies suggested that those with melancholia were more likely to differ
from those with a non-melancholic depression in reporting anticipatory rather than
consummatory anhedonia, but our studies have not found support for any such
differential; as a consequence, we tend to judge anhedonia as an overall construct.
Thus, we ask the extent to which the patient finds a lack of pleasure in daily
activities or in those activities which might generally give them pleasure, while a
non-reactive mood is defined by an inability to be cheered up in social circum-
stances or when experiencing a pleasant life event. While both are over-represented
in melancholic patients, they are difficult to quantify for several reasons. First, it is
extremely rare to find a melancholic individual who describes such features as
absolutely categorically present. For example, a melancholic patient may acknowl-
edge that they are not getting any pleasure out of anything but, when pressed, note
that when they see their grandchild, they may be cheered up briefly or superficially.
Thus, such features are extremely helpful when they are absolute or clear-cut but, at
minor levels, their specificity to melancholia tends to be low.

2.4.1.4 Diurnal Variation of Mood and Energy

Most individuals with a melancholic depression will report a diurnal variation, with
their mood and energy levels being worst in the morning, and that they improve
later in the morning or early afternoon. There is also a small percentage of those
with seeming true melancholia who report mood and energy dropping late in the
day (and usually when the sun is setting). The former is worth weighting, but the
latter is only modestly differentiating.

2.4.2 Appetite and/or Weight Loss

While both are relatively common in melancholic depression, they are also com-
monly reported by patients with non-melancholic depression. Conversely, a per-
centage of both will experience food cravings and therefore report appetite increase
(usually for specific foods such as carbohydrates and chocolates) and weight gain.
As many depressed patients are taking weight-gaining medications when assessed,
this can compromise the assessment of these constructs.
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2.4.3 Insomnia

Those with melancholic depression commonly report early morning wakening with
the classic time being around 3 am. However, early morning wakening is a common
feature in any anxiety or depressive condition marked with physiological arousal,
so that early morning wakening may be quite common in those with mixed anxiety/
depression and with grief states as well as in those with other expressions of
non-melancholic depression.

2.4.4 Psychotic Features

The nature of psychotic depression remains somewhat unclear, with the two
commonest models viewing it either as a more severe form of melancholia or as
melancholia with superimposed (and categorical) features of delusions and/or
hallucinations. Such psychotic features may be ‘mood congruent’ (e.g. feeling
that the world is so bleak that the individual would be better off dead, viewing
themselves as facing penury) or ‘mood incongruent’ (i.e. without any seeming
depressive overtone or theme) with both expressions almost equally likely (Parker
et al. 1996). If the patient does not volunteer such symptoms, they can generally be
best elicited by pursuing any sense of guilt or shame directly or via the individual
feeling that they ‘deserve to be punished’.

2.4.5 Insular and Asocial Behaviours

While this is a relatively vague construct and territory, it is part of the melancholic
terrain, although not specific to melancholia. It can be particularly useful in judging
whether melancholia exists or not in an adolescent or young adult. Those with
melancholia tend to become quite asocial, going or staying in their room, not
phoning or returning telephone calls, and retreating from those around them.

2.4.6 Impairment

While those with a non-melancholic depression can clearly be impaired, impair-
ment tends to be more severe in those with a melancholic depression—where
patients are much more likely to report that their depression makes it a struggle
to get to work, physically get out of bed, engage in normal exercise, relate to a
partner, keep up hygiene, and maintain work performance.
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2.4.7 Relationship to Stress

While melancholic depression was long described as ‘endogenous depression’
(i.e. it appeared to come from within rather than being caused by external factors
or stressors), empirical research (e.g. Brown et al. 1994) indicated that both
melancholic and non-melancholic depressive disorders were commonly preceded
by a stressor, a finding that challenged the very construct of ‘endogeneity’. Never-
theless, the role of stressors has a number of important diagnostic nuances. The first
episode of a melancholic depression is commonly preceded by a stressor. Over
time, the illness tends to become more autonomous, with the individual experienc-
ing episodes of melancholic depression without stressors or in response to only
minor stressors. More importantly, those with melancholia generally judge the
depressive condition as more ‘severe’ than warranted by any antecedent stressor
and, additionally, that it tends to persist far longer than might be expected for the
stressor or persist when the stressor is no longer present or operative.

2.4.8 Disease-Like

In one of our studies (Parker et al. 2015), we quantified that some 70 % of those with
a melancholic depression and less than 30 % of those with a non-melancholic
depression were likely to judge their depression as akin to a ‘disease’. Further,
when asked to assign the predominant cause (as either biological, psychological,
and/or environmental), they were likely to weight a biological contribution,
whereas the non-melancholic subjects were distinctly more likely to view their
depression as almost entirely environmental.

2.4.9 Family History

Those with a melancholic depression (unipolar or bipolar) are likely to report a
family history of depression. In those with BD, they are also more likely to report a
family history of depression, BD, and/or suicide in a first-degree or second-degree
relative.

The clinical diagnosis of bipolar depression simply requires that the patient has
BD and that they are currently distinctly depressed. We judge, however, that it is
important to determine the depressive subtype during such states, as management is
likely to be influenced by whether the patient is experiencing a psychotic, melan-
cholic, or non-melancholic depressive episode.
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2.5 Some Management Nuances

As management options are considered extensively in treatment guidelines for BD
and in other chapters of this book, only some brief observations are provided here in
relation to managing bipolar depression, but which build on our ‘core and mantle’
(or ‘isomer’) model for differentiating BD-I and BD-II and on the depressive
subtype experienced by the patient.

My personal view (Parker 2012) is that the management of BD-II (including its
depressive phase) should differ from the management of BD-I, in part reflecting the
respective nonpsychotic and psychotic status of those two conditions. In managing
a patient who presents with significant clinical depression and who has BD, as
recommended in most treatment guidelines, I will initiate a mood stabiliser. How-
ever, the choice of the mood stabiliser varies considerably between BD-I and BD-II
diagnoses. For BD-II, I will generally trial lamotrigine, and only if this failed would
I consider other mood stabilisers such as lithium or valproate. For BD-I, I favour
lithium, and if this is unsuccessful, I will try valproate next and tend not to find
lamotrigine as likely to be effective. As most patients with BD present during an
acute episode—and almost invariably the depressed phase—I will seek to address
that state (as covered below) and not simply rely on a mood stabiliser.

The use of antidepressant medication in a patient who presents with a distinct
episode of bipolar depression is controversial. Most treatment guidelines argue
against the use of antidepressant medication on the basis that antidepressants can
cause switching (into highs) and mixed states (where the patient is sometimes
experiencing a mix of hypo/manic and depressive features or, equally commonly,
experiencing a state of agitation not unlike a serotoninergic reaction) or worsen the
course of the illness. Each of these propositions has been considered by a number of
commentators (see Parker 2012), while the International Society for Bipolar Dis-
orders (ISBD) has reviewed the benefits and concerns about the use of antidepres-
sants in managing an individual with BD (Pacchiarotti et al. 2013); that review was
more sanguine about the use of antidepressants. My personal practice is to intro-
duce an antidepressant together with a mood stabiliser in a patient who presents
with a significant episode of (bipolar) melancholic depression, but I continue to find
the choice a difficult issue. Selective serotonin reuptake inhibitors (SSRIs) tend not
to be particularly effective, dual-action antidepressants are more effective but are
most likely to cause switching, tricyclics are commonly effective but have also been
incriminated as causing switching, and monoamine oxidase inhibitors (MAOIs,
long used in the management of bipolar depression) require judicious use in BD
patients in light of the need to avoid certain foods. Surprisingly, psychostimulants
such as methylphenidate can be useful in managing those with bipolar depression as
we reported (Parker and Brotchie 2010) in a clinical case study, either as a single
antidepressant agent or augmenting a more orthodox agent. The risk of such a
stimulant switching the patient into a high has to be conceded but, as quantified in
our report, was a relatively rare event. If the patient with a bipolar melancholic
depression has not improved in the next week, I tend to introduce a low-dose
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atypical antipsychotic medication as an augmenting strategy—and then try to cease
it when the depression has been brought under control. In managing an individual
with a (bipolar) psychotic episode, I would favour the immediate use of an
antipsychotic in conjunction with the introduction of a mood stabiliser and possibly
an antidepressant. If the individual is experiencing a (bipolar) non-melancholic
depressive episode, I would introduce a mood stabiliser for the bipolar condition
and weight a nondrug strategy initially to determine if this assisted their depressive
episode. Management of the bipolar depressive episode is therefore somewhat
contingent on identifying the bipolar subtype (I or II) and the depressive subtype
(i.e. psychotic, melancholic, or non-melancholic). In essence, the subtyping
model—and particularly the nature of the bipolar depressive condition—shapes
management priorities.
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Chapter 3
Course and Outcome of Bipolar Disorder:
Focus on Depressive Aspects

Rodrigo Escalona and Mauricio Tohen

Abstract The presence of depressive symptoms dominates the longitudinal course
of bipolar disorder (BD) and predicts functional impairment. Despite great progress
in understanding the biological basis of BD, the course and outcome of the illness
can only be predicted using clinical variables. This chapter summarizes the main
factors that predict course and outcome in BD with a focus on depressive symp-
toms. The natural course of the illness, the impact of the first episode, the impact of
the depressive phase, cycle length, onset, age, gender, type of illness, personality
traits, temperament, comorbidity, family history, life events, and outcome features
will be reviewed. Conceptual models such as disease staging and their prognostic
value will also be discussed.

Keywords Bipolar disorder ¢« Course « Outcome ¢ Predictors « Mixed depression ¢
Clinical diagnosis

3.1 Introduction

Despite great progress in understanding the biological basis of bipolar disorder
(BD), the course and outcome of the illness can still only be predicted using clinical
variables. However, clinical features are not always reliable or available, and their
impact cannot be applied directly to predict the outcome of an individual patient.
The assessment is further complicated by the fact that BD represents a dimensional
condition within a full spectrum of mood disorders and is often accompanied by
psychiatric comorbidity (Kessler et al. 2006).
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Several methodological issues affect the study of the natural course of BD
(Wittchen et al. 2003). Despite a considerable amount of research, the course and
outcome of BD still remain highly unpredictable. Likewise, it is difficult to deter-
mine the effect of treatment on the natural course of an illness that, despite best
evidence-based treatment, still involves multiple relapses and impaired psychoso-
cial functioning (Goldberg et al. 1995). There is, however, agreement among
researchers that BD is a severe, chronic, and disabling lifelong condition and that
breakthrough depression usually presents higher risk for long-term functional
impairment than mania. While identifying and treating the illness early in its time
course may improve the chance of a better prognosis, there are several barriers to
early intervention. These include the well-known delay of approximately 10 years
from the first episode of illness to a diagnosis of BD (Hirschfeld et al. 2003). This is
particularly true for the many patients who present first with depressive episodes
and much later with mania or hypomania, making the BD diagnosis impossible
until later in the illness. Looking at the other clinical variables in patients who
present with depression—such as melancholic or psychotic features, family history,
and age of onset—may help identify BD earlier so that appropriate treatment can be
begun. This delay in diagnosis poses a threat for the effectiveness of early treatment
interventions, especially because data suggest that beginning lithium therapy within
the first 10 years of illness may provide better outcomes than beginning prophylaxis
later in life for patients with BD (Franchini et al. 1999). Furthermore, a history of
multiple previous episodes may be associated with poor response to lithium (Tohen
et al. 1990a; Swann et al. 1999), although these findings are limited by the lack of a
comparator and the inclusion of subjects who had previously failed to respond to
lithium. Similarly, long-term divalproex (Calabrese et al. 2005),
non-pharmacological therapies (Scott et al. 2007), and maintenance therapy with
olanzapine (Ketter et al. 2006) have been found to be less effective in preventing
relapses in patients with a high number of previous episodes.

The very high degree of comorbidity and treatment resistance in outpatients with
BD highlights the need to develop new treatment approaches, much earlier illness
recognition, diagnosis, and intervention in an attempt to reverse or prevent this
illness burden (Post et al. 2003). Although full symptomatic remission does not
guarantee functional recovery (Tohen et al. 1990b, 2000, 2003), it may have a
favorable impact on long-term prognosis.

This chapter will summarize the main factors that predict course and outcome in
BD with a focus on depressive symptoms. The natural course of the illness, the
impact of the first episode, the impact of the depressive phase, cycle length, age of
onset, age, gender, type of illness, personality traits, temperament, comorbidity,
family history, life events, and outcome features will be reviewed. Conceptual
models such as staging and outcome dimensions and their prognostic value will
also be discussed.
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3.2 Natural Course

Researchers agree that bipolar spectrum disorders are severe chronic conditions that
should be considered lifelong disabilities (Post et al. 2003). The impact of modern
treatment on the natural course of the illness is uncertain. In addition, high diag-
nostic instability is considered a feature of BD. A recent naturalistic study found a
high prevalence of misdiagnosis and diagnostic shift from other psychiatric disor-
ders to BD (Salvatore et al. 2007). More than half of severe mood disorders become
BD, and the risk of depression developing into BD is lifelong (Salvatore et al. 2007
Angst et al. 2005). Naturalistic and long-term studies showed that patients with BD
develop persistent functional impairment; that is, patients experienced some degree
of disability during most of their long-term follow-up including 19-23 % of the
time with moderate impairment and 7-9 % of the time with severe overall impair-
ment (Baca-Garcia et al. 2007; Judd et al. 2008). One study found that bipolar I
(BD-I) patients were completely unable to carry out work role functions during
30 % of the assessed months, which was significantly higher than rates in individ-
uals with major depressive disorder (MDD) or bipolar II (BD-II) (21 % and 20 %,
respectively). Neuropsychological impairment persists during euthymic states, but
it is confounded partly by mild affective symptoms in remitted patients. The clinical
representations of these persistent alterations are related to the degree of disability
(Marneros et al. 1991).

The recurrence risk of BD is about twice that of MDD. Furthermore, recovery is
more frequent among MDD than BD patients, although five-year remission rates
were found to be independent of the number of episodes (Angst et al. 2005). There
appears to be a constant risk of recurrence over the life-span up to the age of 70 or
more, even 3040 years after onset (Angst et al. 2003). This long-term course
usually causes significant handicaps and problems in the lives of patients and, in
many cases, leads to disability (Nolen et al. 2004).

3.3 Illness Recurrence and the Course of Syndromal
and Functional Recovery

Most of the evidence from both the pre-lithium and modern eras suggests that the
index episode tends to predict the polarity of the subsequent major mood episode: a
manic index episode tends to predict a manic relapse, whereas a depressive index
episode predicts a depressive relapse (Calabrese et al. 2004); indexed mixed
episodes have been found to predict relapse into a depressive episode (Tohen
et al. 2003). The presence of at least two manic/hypomanic symptoms in the
index episode is associated with increased family history of BD-I, a higher score
for suicidal thoughts during the episode, a longer duration of the episode, and a
higher affective morbidity during the observation period (Maj et al. 20006).
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The McLean-Harvard First-Episode Project has systematically followed large
numbers of patients with BD and other psychotic disorders from their first hospi-
talization. The project’s findings indicate that the course of BD-I is much less
favorable than had formerly been believed, despite modern clinical treatment with
mood-stabilizing and other pharmacological agents. Full functional recovery from
initial episodes was uncommon, and full symptomatic recovery was much slower
than early syndromal recovery; most early morbidity was depressive-dysphoric, as
reported in midcourse, and initial depression or mixed states predicted an increased
number of depressive episodes and overall morbidity, whereas initial mania or
psychosis predicted later mania and a better prognosis (Baca-Garcia et al. 2007).

Within four years of first lifetime hospitalization for mania, prospective data
show that most subjects achieved syndromal recovery by two years, but 28 %
remained symptomatic, only 43 % achieved functional recovery, and 57 % switched
phases or had new illness episodes after achieving recovery (Tohen et al. 2003). In
this study, factors associated with a shorter time to syndromal recovery for 50 % of
the subjects were female sex, shorter index hospitalization, and lower initial
depression ratings. The 43 % who achieved functional recovery were more often
older and had shorter index hospitalizations. Within two years of syndromal
recovery, 40 % experienced a new episode of mania (20 %) or depression (20 %),
and 19 % switched phases without recovery. Predictors of manic recurrence were
initial mood-incongruent psychotic features, lower premorbid occupational status,
and initial manic presentation. Predictors of depression onset were higher occupa-
tional status, initial mixed presentation, and any comorbidity (Tohen et al. 2003).

Targeting residual symptoms in maintenance treatment may represent an oppor-
tunity to reduce the risk of recurrence of BD. Another two-year follow-up study of
the clinical features associated with risk of recurrence in patients with BD receiving
treatment found that 58 % of patients subsequently achieved recovery (Perlis
et al. 2006). For up to two years of follow-up, half of these individuals experienced
recurrences, with more than twice as many developing depressive episodes versus
manic, hypomanic, or mixed episodes. Residual depressive or manic symptoms at
recovery and proportion of days spent depressed or anxious in the preceding year
were significantly associated with shorter time to depressive recurrence. Residual
manic symptoms at recovery and the proportion of days of elevated mood in the
preceding year were significantly associated with shorter time to manic, hypo-
manic, or mixed episode recurrence (Perlis et al. 2006). Another recent report
(Perlis et al. 2006) suggested that it is not just chronic subsyndromal symptoms
that predict shorter time to a new episode, but rather their emergence, particularly
the emergence of depressive symptoms.

Although most adolescents with BD experience syndromic recovery following
their first hospitalization, the rates of symptomatic and functional recovery are
much lower (Tohen et al. 1990b, 2000, 2006). Few studies have examined the
clinical, neuropsychological, and pharmacological factors involved in the func-
tional outcome of BD. The variable that appears to best predict psychosocial
functioning in BD patients is verbal memory; low-functioning patients are cogni-
tively more impaired than high-functioning patients on verbal recall and executive
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functions (Martinez-Aran et al. 2007). Few studies have examined whether comor-
bid personality disorders and other clinical factors can predict functional morbidity
in BD. However, residual depression predicts poorer residential and social/leisure
outcomes independent of personality disorders or maladaptive traits (Loftus and
Jaeger 2006).

The mortality of patients with BD is considerably higher than that of the general
population. At least 25-50 % of patients with BD attempt suicide at least once in
their lives (Jamison 2000). The polarity of a patient’s first reported mood episode
suggests that depression-prone subtypes have a greater probability of suicidal acts
(Chaudhury et al. 2007). Patients with mood disorders in general have a higher risk
of death by suicide (15-30 %) than healthy people; however BD-II patients may be
more likely to attempt suicide than BD-I patients. Comorbid anxiety disorders may
also elevate the risk for suicidal ideation and attempts (Simon et al. 2007a). The
rates of mixed depression among BD and non-BD depressive suicide attempters are
much higher than previously reported among non-suicidal BD-II and MDD out-
patients, suggesting that suicide attempters come mainly from mixed depressives
who predominantly have BD-II (Balazs et al. 2006). Recent findings show that
while modest changes in the severity of depression are associated with statistically
and clinically significant changes in functional impairment and disability in patients
with BD, changes in the severity of mania or hypomania are not consistently
associated with differences in functioning (Simon et al. 2007b).

3.4 Prognostic Staging Models

During the last 10 years, prognostic staging models for BD have attracted growing
attention by raising the possibility of defining stage-specific strategies for treatment
(Kapczinski et al. 2014).

The proposed models use findings from clinical studies of treatment and func-
tioning to stage the illness and integrate the potential role of neurocognitive,
neuroimaging, and peripheral biomarkers. Most studies to date indicate that the
progression to late stages of the illness predicts worse overall prognosis and poorer
response to standard treatment. Berk and colleagues suggested a staging model to
predict outcome (stages 0-5) (Berk et al. 2007), suggesting that BD begins with an
at-risk, asymptomatic period. Patients then begin to exhibit mild or nonspecific
symptoms and usually progress to manifest the range of prodromal patterns that
have been described in the literature. The first threshold episode may then be
followed by a first relapse, subsequently followed by a pattern of periods of
euthymia and recurrences. Some patients may have syndromal or symptomatic
recovery, while others may have an unremitting or treatment refractory course. It
is possible that all these stages require specific therapeutic interventions, and the
impact of comorbidity, specific treatment, personality, adherence, and response to
therapy could differ in each stage. In general, a greater number of episodes imply a
progression to a later stage with poorer treatment response and prognosis. The
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persistence of neurocognitive impairment is associated with poorer psychosocial
functioning at any stage. Peripheral biomarkers of inflammation are more likely
present at the end stage of BD, consistent with the hypothesis of a neuroprogression
of the illness (Kauer-Sant’Anna et al. 2009). However, significant medical and
substance abuse comorbidities must be considered as potential confounders. Some
neuroimaging findings also suggest some kind of disease progression, but this needs
confirmation.

Additional research is needed to clarify the usefulness of the staging model to
complement existing classifications of BD, with an emphasis on a longitudinal
dimension instead of a merely cross-sectional view. Also, in the near future,
improved staging models may include biological markers in addition to clinical
variables.

3.5 The Impact of Treatment on the Course of Illness

The 10-year delay from the first episode of illness to a diagnosis of BD is an
important impediment to early treatment intervention and possibly a better prog-
nosis. Studies have shown that BD outcome worsens as the number of manic
episodes increases (Tohen et al. 1990b), suggesting that prevention of recurrent
episodes early during the disorder could improve long-term prognosis.

The initial prodrome of BD has received very little attention to date, and there
are no prodromal features that clearly distinguish between patients who go on to
develop BD and those who develop schizophrenia (Thompson et al. 2003). Several
authors point out that pharmacological treatment of the early phase of BD lacks
specific guidelines (Conus et al. 2006). Knowledge is limited as to how to distin-
guish prodromal BD from MDD, but even mania is frequently misdiagnosed. This
is key because the outcome of mania is not as good as was formerly believed
(Conus and McGorry 2002).

Although the impact of different treatment options for BD is discussed else-
where in this book, it is worth noting that few effective treatments exist for acute
bipolar depression and prevention of recurrent episodes. Furthermore, the effec-
tiveness and safety of specific treatments such as standard antidepressant agents for
depressive episodes associated with BD have not been well studied. Because
episodes of depression are the most frequent cause of disability among patients
with BD, it is important to determine whether adjunctive antidepressant therapy
reduces symptoms of bipolar depression without increasing the risk of mania and
therefore changing the course and outcome of the disorder.

A recent, double-blind, controlled trial showed that the use of adjunctive,
standard antidepressant medication, as compared to the use of mood stabilizers,
was not associated with increased efficacy or with increased risk of treatment-
emergent affective switch (Sachs et al. 2007). It is also important to determine the
benefits of the continued use of typical antipsychotic agents following remission
from an acute manic episode. Studies show that there are no short-term benefits
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associated with continued use of a typical antipsychotic after achieving remission
from an episode of acute mania. In fact, its continued use may be associated with
detrimental effects, including relapse into depression in some cases (Zarate and
Tohen 2004). On the other hand, despite the recent FDA approval of two atypical
antipsychotics for the treatment of bipolar depression (quetiapine and lurasidone) as
monotherapy and adjunctive treatment to mood stabilizers, the long-term effect on
illness prognosis is unknown (Loebel et al. 2014). Finally, a recent report suggested
that early-stage (but not intermediate- or later-stage) patients had a significantly
lower rates of relapse/recurrence of manic/mixed episodes with some treatments
but not with others (Ketter et al. 2006). Subsyndromal symptoms are common
during maintenance treatment and appear to be associated with relapse into an
episode of the same polarity (Tohen et al. 2006; Frye et al. 2006). Comorbid anxiety
symptoms in patients with bipolar depression have a negative impact on treatment
outcome, so treatment interventions should focus on reducing both depressive and
anxiety symptoms in these patients (Tohen et al. 2007).

3.6 Predictive Factors Affecting Prognosis

3.6.1 Age at Onset and Gender

The average age of onset of a first manic episode is 21 years, but onset may occur at
any age from childhood to old age. Childhood-onset BD usually has a poorer
prognosis and is associated with long delays to first treatment, averaging more
than 16 years. Patients with childhood or adolescent onset retrospectively report
more episodes, more comorbidities, and rapid cycling; prospectively, they demon-
strate more severe mania, depression, and fewer days well (Leverich et al. 2007).

Data have consistently shown that 70—100 % of children and adolescents with
BD will eventually recover from their index episode; however, despite ongoing
treatment, up to 80 % will experience recurrences after recovery (Birmaher and
Axelson 2006). BD has a considerable effect on the normal psychosocial develop-
ment of the child and increases the risk for academic, social, and interpersonal
(family, peers, work) problems, as well as for healthcare utilization. Some studies
suggest that approximately 30 % of preadolescents with MDD experience a manic
episode and manifest BD within five years (Geller et al. 1994).

Mania in the elderly appears to be a heterogeneous disorder. In elderly patients
with first-episode mania who were followed for three to 10 years, men had a higher
risk of mortality. Compared to elderly patients with early onset and multiple
episodes of mania, elderly patients with first-episode mania were twice as likely
to have a comorbid neurological disorder (Tohen et al. 1994).

Previous findings suggest that men have a significantly earlier onset of first-
episode mania and BD associated with childhood antisocial behavior; women have
more depressive episodes than manic episodes and higher incidence rates of BD-II
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throughout adult life, except for early life, and a greater likelihood of rapid cycling
(Marneros 2006). More men than women report mania at the onset of BD-I, and
men also have higher rates of comorbid alcohol abuse/dependence, cannabis abuse/
dependence, pathological gambling, and conduct disorder (Kawa et al. 2005).
Women report higher rates of comorbid eating disorders, weight change, appetite
change, and middle insomnia during depressive episodes (Kawa et al. 2005). How-
ever, no gender differences appear to exist between male and female subjects in
time to remission from the index episode, number of recurrences, and time spent
with any clinical or subclinical mood symptom over a 48-week period, at least when
similar treatment strategies are adopted (Benedetti et al. 2007).

3.6.2 Type of Onset and Type of Disorder

The length of untreated individual illness episodes in BD varies from several weeks
to several months and depends on the type of episode. There are significant
differences in time to recovery in patients with BD by episode subtype (Sachs
et al. 2007; Keller et al. 1986). Based on a median follow-up of 18 months, the life-
table estimate of the probability of remaining ill for at least one year was 7 % for
pure manic patients compared with 32 % for patients who entered the study with
episodes that were mixed or cycling. Purely depressed patients had a 22 % proba-
bility of remaining ill, approximating rates found in patients without BD who have
episodes of depression. However, the duration of individual episodes also depends
on response to treatment, and 15-30 % of patients with mood disorders suffer from
persisting alterations of personality or social interaction or from persisting symp-
toms. Rapid cycling and mixed states are associated with a poorer prognosis and
nonresponse to antimanic agents. Risk factors for rapid cycling include biological
rhythm dysregulation, antidepressant or stimulant use, hypothyroidism, and pre-
menstrual and postpartum states (American Psychiatric Association 2002). Patients
with BD have an average of four episodes during the first 10 years of their illness
(Tsai et al. 2001; Meeks 1999). After that, the average length of time between
episodes is between one and two years. In both BD-I and BD-II, 60—70 % of manic
episodes occur immediately before or after a major depressive episode, and the
interval between episodes tends to decrease as the individual ages. Differentiation
of mood congruence of psychotic features in mania evidently has prognostic
validity. Mood-incongruent psychotic features during the index manic episode
predicted shorter time in remission at four years (Tohen et al. 1992). Higher
occupational status, initial mixed presentation, and any comorbidity predicted
depressive rather than manic onset (Tohen et al. 2003). Increased number of
hospitalizations and less rapid cycling were associated with BD-I as compared to
BD-II (Coryell et al. 1989, 1992).
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3.6.3 Personality Traits and Temperament

Personality and temperament are thought to impact prognosis and the clinical
manifestation of BD. Studies have suggested that mixed episodes may result from
a mixture of inverse temperamental factors to a manic syndrome (Rottig
et al. 2007). Some studies question the current categorical split of mood disorders
into bipolar and depressive disorders, suggesting that two highly unstable person-
ality features, i.e., the cyclothymic temperament and borderline personality disor-
der, have more in common with BD-II than MDD (Benazzi 2006). Several research
findings that are in line with current familial-genetic models of this disorder suggest
that the characterization of BD-II must include a greater emphasis on temperamen-
tally based mood and anxious reactivity (Akiskal et al. 2006a). Such phenotypic
characterization may assist in genotyping; however its predictive value on outcome
still requires more research (Akiskal et al. 2006b).

3.6.4 Family History and Genetics

The application of genomics to clinical practice is limited at present, but is expected
to grow rapidly. Despite some recent successes, identifying genes for BD through
classic human genetic studies is not consistent; the main issue is the lack of
replication of the findings in this field (Kato 2007). There are many possible reasons
for this relatively slow discovery. BD is a complex polygenic disorder, with
variable penetrance and phenotypic heterogeneity, and it overlaps and is
interdependent with other neuropsychiatric disorders.

In addition, the effects of environmental factors (epigenetic modifications,
effects of stress, infections, drugs, medications) on the expression of the phenotype
are not fully understood nor factored into human genetic linkage studies
(Le-Niculescu et al. 2007). There is increasing evidence that genome-wide associ-
ation studies represent a powerful approach to the identification of genes involved
in common human diseases (Wellcome Trust Case Control Consortium 2007). The
first genome-wide association study of BD showed that several genes, each of
modest effect, reproducibly influence disease risk (Baum et al. 2008).

3.7 Bipolar II Depression, Subsyndromal Depression,
and Mixed Depression

Mixed depression is probably a key component of the continuum concept of mood
disorders, and it might have a predictive role in the course of BD. Recent findings
suggest that the prevalence of mixed depression is high in patients with BD. Mixed
depression is defined by the combination of depression (a major depressive episode)



42 R. Escalona and M. Tohen

and non-euphoric, usually subsyndromal, manic, or hypomanic symptoms (Benazzi
2007). The reemerging concept of mixed depression also influences how we see the
boundaries between bipolar and depressive disorders. A major addition in the
DSM-5 is the introduction of mixed features in patients with MDD, defined as the
presence of at least two criteria of the opposite pole (American Psychiatric Asso-
ciation 2013).

BD-II and mixed depression are relatively understudied, despite a prevalence of
about 5% in the community and about 50 % in depressed outpatients (Benazzi
2007). Prospective studies have shown that the longitudinal weekly symptomatic
course of BD-I is chronic, that the symptomatic structure is primarily depressive
rather than manic, and that subsyndromal and minor affective symptoms predom-
inate, although symptom severity levels fluctuate (Judd et al. 2002).

Depressive episodes and symptoms, which dominate the course of BD-I and
BD-II, appear to be more disabling than corresponding levels of manic or hypo-
manic symptoms. Table 3.1 summarizes the predictive value of depressive symp-
toms on the course of BD. Subsyndromal depressive symptoms, but not
subsyndromal manic or hypomanic symptoms, are associated with significant
impairment, and subsyndromal hypomanic symptoms appear to enhance function-
ing in BD-II (Benazzi 2007). Subsyndromal symptoms in BD impair functioning
and diminish quality of life. Findings suggest that the presence of subsyndromal
depressive symptoms during the first two months significantly increases the likeli-
hood of depressive relapse (Tohen et al. 2006). Patients with psychotic features and
those with a greater number of previous depressive episodes were more likely to
experience subsyndromal depressive symptoms.

As noted previously, because a substantial number of patients with BD present
with an index depressive episode, it is likely that many are misdiagnosed with
MDD. Whether or not antidepressants worsen the course of BD is still being
debated, because misdiagnosed patients are often treated with antidepressants,
which, if used improperly, are known to induce mania and provoke rapid cycling
(Goldberg 2003). Furthermore, it appears that a first depressive rather than manic
episode in BD might lead to a subsequent course with a greater burden of depressive
symptoms (Perlis et al. 2005). Depressive-onset BD is significantly associated with
more lifetime depressive episodes and a greater proportion of time with depression
and anxiety in the year prior to assessment. However, the quantity and severity of
weeks in symptomatic affective states are possibly greater predictors of affective
burden in BD-I patients than the quantity and direction of affective switches
(Mysels et al. 2007). Analysis of assessments in clinical trials revealed that over
80 % of the treatment effect was attributable to the indirect effects of improvements
in the depressive factors of the Montgomery-Asberg Depression Rating Scale
(MADRS) like sadness, negative thoughts, detachment, and neurovegetative symp-
toms, and changes in factor scores were highly correlated with changes in clinical
improvement (Williamson et al. 2006).
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Table 3.1 Predictive value of depressive symptoms in the course of bipolar disorder*

Onset and index episode

* Index mixed episodes have been found to predict relapse into a depressive episode

« It is likely that many patients presenting with an index depressive episode are misdiagnosed
with major depressive disorder

* One third of preadolescents with major depressive disorder experience a manic episode and
manifest bipolar disorder within five years

» Lower initial depression ratings are associated with shorter time to syndromal recovery

* A depressive onset is predicted by higher occupational status, initial mixed presentation, and
any comorbidity

« Polarity of patients’ first reported mood episode suggests a depression-prone subtype with a
greater probability of past suicide attempt

* Depressive-onset bipolar disorder is significantly associated with more lifetime depressive
episodes and a greater proportion of time with depression and anxiety

Course, number, and length of episodes

» The symptomatic structure of bipolar II disorder is primarily depressive rather than manic

» Twice as many patients develop depressive episodes as manic, hypomanic, or mixed episodes
* Residual depressive or manic symptoms at recovery and proportion of days depressed are
significantly associated with shorter time to depressive recurrence

« The longest duration of episodes was found for mixed episodes, while depressive episodes have
an intermediate duration and manic episodes are the shortest

* 60-70 % of manic episodes occur immediately before or after a major depressive episode, and
manic episodes often precede or follow major depressive episodes

« Shorter time to a depressive recurrence can be predicted if residual depressive or manic
symptoms are still present at recovery

« Rapid cycling can be related to a higher number of prior depressive episodes

« Patients with psychotic features and those with a greater number of previous depressive
episodes were more likely to experience subsyndromal depressive symptoms

» 80 % of the treatment effect is attributable to the indirect effects of improvements in depressive
symptoms

Risk for long-term prognosis

* Breakthrough depression represents higher risks for long-term treatment than mania

» Every new episode of depression brings a new risk for mania

* The risk of depression developing into bipolar disorder remains lifelong

« Subsyndromal depressive symptoms during the first two months after recovery significantly
increase the likelihood of depressive relapse

Functional recovery—outcome

» Depressed patients are more impaired than euthymic or hypomanic patients on tests of verbal
recall and fine motor skills

« Residual depression predicts poorer residential and social/leisure outcomes independent of
personality disorders or maladaptive traits

* Suicide attempters come mainly from mixed depressives with predominantly bipolar II base
« Subsyndromal depressive symptoms, but not subsyndromal manic or hypomanic symptoms, are
associated with significant impairment

#All the statements in this table are referenced in the text
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3.8 Comorbidity

BD has frequent comorbidities that worsen prognosis, especially in association with
substance-use disorders (Tohen 1999; Tohen et al. 1998). The relative age at onset
of alcohol use and BD is associated with differences in the course of both condi-
tions. A first hospitalization for mania is associated with a period of recovery from
comorbid alcohol abuse (Strakowski et al. 1992, 2005). Those patients with
alcohol-use problems prior to BD are usually older, more likely to recover, and
more likely to recover quickly than those whose alcohol problems occur after their
diagnosis of BD. In contrast, those who have BD first spend more time with
affective episodes and symptoms of an alcohol-use disorder during follow-up.
Comorbid alcoholism is also usually related to poorer psychosocial adjustment
(Coryell et al. 1989). Slower recovery has been associated with comorbid drug
abuse (Strakowski et al. 1998; Baethge et al. 2005). Attention deficit/hyperactivity
disorder and anxiety disorders, including those present during relative euthymia,
also predict a poorer course of BD (Otto et al. 2006). Comorbid panic disorder is
associated with a higher likelihood of rapid cycling (Coryell et al. 1992). One study
showed that anxiety comorbidity impacts health-related quality of life in patients
with BD-I but not BD-II (Albert et al. 2008).

Little is known about the treatment of psychiatric comorbidities in BD because
their treatment is largely empirically based rather than based on controlled data
(Singh and Zarate 2006). Many studies have examined the prevalence and predic-
tive validity of personality disorders among MDD patients, but few have examined
these issues among BD patients (George et al. 2003). Findings suggest that clini-
cians should be more vigilant for comorbid personality disorders and BD and less
reluctant to diagnose them (George et al. 2003; Barbato and Hafner 1998). How-
ever, when structured assessments of personality disorders are performed during
clinical remission of BD, fewer than one in three BD patients meet full syndromal
criteria for a personality disorder (Paris et al. 2007). For instance, borderline
personality disorder and BD can often co-occur, but their relationship is not
consistent or specific. Existing data fail to support the conclusion that borderline
personality disorder and BD exist on a spectrum, but allow for the possibility of
partially overlapping etiologies and syndromatic presentation (Stromberg
et al. 1998).

BD patients with lifetime smoking are more likely to have an earlier age of onset
of mood disorder, greater severity of symptoms, poorer functioning, history of a
suicide attempt, and a lifetime history of comorbid anxiety and substance-use
disorders. Smoking may also be independently associated with suicidal behavior
in BD (Ostacher et al. 2006). The effects of the sequence of onset of BD and
cannabis-use disorders are less pronounced than observed in co-occurring alcohol-
use disorders and BD (Strakowski et al. 2007). Cannabis use is associated with more
time spent in affective episodes and with rapid cycling. Most cannabis-use disorders
remit immediately after hospitalization, followed by rapid rates of recurrence.
Individuals with BD are disproportionately affected by several stress-sensitive
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medical disorders such as circulatory disorders, obesity, and diabetes mellitus.
Individuals with respiratory disorders, infectious diseases, epilepsy, multiple scle-
rosis, migraine, and circulatory disorders may also have a higher prevalence of BD
(Mclntyre et al. 2007). The increased medical burden in BD is not simply a result of
psychiatric symptoms and their corresponding dysfunction (Kupfer 2005).

Medical comorbidity is often associated with earlier onset of BD symptoms,
more severe course, poorer treatment compliance, and worse outcomes related to
suicide and other complications. It is still uncertain whether the medical
comorbidities are a consequence of BD, another manifestation of the condition,
or adverse effects of its pharmacological treatment (Krishnan 2005). To ensure
prompt, appropriate intervention while avoiding iatrogenic complications, the
clinician must evaluate and monitor patients with BD for the presence and the
development of comorbid psychiatric and medical conditions.

3.9 Life Events

Stressful life events can unfavorably alter the course of the illness and negatively
influence adherence to maintenance treatment. They have been associated with
slower recovery and higher relapse rates. Stress is linked to changes in mood
symptoms among BD adolescents, although correlations between life events and
symptoms vary with age (Kim et al. 2007). There is no significant interaction
between stress and episode number when predicting BD recurrence, and the
interaction of early adversity severity and stressful life events significantly predicts
recurrence in a manner consistent with the sensitization hypothesis (Dienes
et al. 2006).

Few studies have examined the prognostic value of family factors on the course
of BD. Patients who were more distressed by their relatives’ criticisms had more
severe depressive and manic symptoms and proportionately fewer days well
(Miklowitz et al. 2005). Besides associations between high emotionality and
MDD, studies that examined the relationship between temperament, recent and
remote life events, and psychopathology among the offspring of parents with BD
found an association between psychopathology and the number of recent negative
life events, but no association between psychopathology and the number of early
losses (Duffy et al. 2007). In this population, any effect of undesirable life events
would appear to be mediated through the association with emotionality. Childhood
adversity may be a risk factor for vulnerability to early onset illness, and an array of
stressors may be relevant not only to the onset, recurrence, and progression of
affective episodes, but the highly prevalent substance abuse comorbidities as well
(Post and Leverich 2006).
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3.10 Neurocognition

Recent analyses have revealed modest impairment in executive functioning, mem-
ory, and attention in both hypomanic and depressed BD patients, with additional
fine motor skills impairment in the latter (Malhi et al. 2007). BD depressed and
hypomanic patients differ with respect to the nature of their memory impairment.
Depressed patients are more impaired compared to euthymic patients on tests of
verbal recall and fine motor skills. Psychosocial functioning is impaired across all
three patient groups, but only in depressed and hypomanic patients does this
correlate significantly with neuropsychological performance. These cognitive dif-
ficulties, especially related to verbal memory, may help explain the impairment
regarding daily functioning, even during remission (Martinez-Aran et al. 2004), and
these are in line with findings that full symptomatic recovery (remission) does not
guarantee functional recovery (Tohen et al. 1990b, 2003). While considerable
evidence suggests that neurocognition declines steadily over the early course of
schizophrenia but is more stable in BD, very little is known about the longitudinal
trait stability of neurocognitive performance in BD. One study found that patients
with BD showed stability over time in attentional measures but greater variability in
other domains over a five-year period (Burdick et al. 2006). Impaired insight and
other neurocognitive dysfunctions correlate among symptomatic as well as remitted
BD patients (Varga et al. 2006). Cognitive impairment seems to be related to a
worse clinical course and poor functional outcome; however, further studies are
needed to clarify whether a severe course of illness is associated with more
pronounced cognitive disorders and whether psychotic symptoms during the
acute phase of the illness can predict cognitive deficits in patients with BD later
in the illness. Recent findings suggest that patients with BD lose hippocampal,
fusiform, and cerebellar gray matter at an accelerated rate compared with healthy
control subjects. This tissue loss can be associated with deterioration in cognitive
function and illness course (Moorhead et al. 2007).

3.11 Future Trends and Needs

Despite considerable research efforts in this area, the psychiatric interview and an
examination focusing on the longitudinal course specifiers remain the main source
of prognostic information to guide physicians in their assessment of BD. Although
tailored therapies are the preferred future goal of an individual treatment plan, more
research is needed to establish better and more reliable course predictors for
individual patients. Besides pharmacogenomic evaluation of subject data from
long-term naturalistic studies, more dimensional descriptions of the disorder are
warranted to maximize subtype homogeneity. The predictive value and use of
mood-congruent versus mood-incongruent psychotic symptoms, mixed episodes,
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cognitive symptoms, and predominant polarities are limited by current specifiers of
BD (Vieta 2006).

Future diagnostic classification systems need to reconsider relying solely on
categorical descriptors and include dimensional measures of the different phases of
BD, thus further stimulating and refining research in the field (Kupfer et al. 2007).
New studies using the RDoC (research domain criteria) in addition to categorical
diagnostic constructs may prove useful in providing biological markers to aid
disease staging and better treatment matching to improve outcomes.

Depressive symptoms dominate the longitudinal course of BD and predict
functional impairment. Therefore they deserve more attention in the clinical assess-
ment of patients, on treatment decisions, and in future studies. Finally, we hope that
in the not too distant future, biomarkers such as brain imaging will become a tool in
the selection of treatment and the prediction of outcome in patients suffering from
this devastating condition.
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Chapter 4
Suicide and Bipolar Disorder

Zoltan Rihmer and Péter Dome

Abstract Bipolar disorders are common but frequently under-referred,
underdiagnosed, and undertreated illnesses with markedly elevated premature
mortality. Up to 15 % of patients with bipolar disorder (BD) die by suicide, and
about half of them make at least one suicide attempt in their lifetime. The suicide
rate of (untreated) BD patients is 20-25 times higher than the same rate in the
general population. Suicidal behavior (completed suicide and suicide attempt) in
BD patients occurs almost exclusively during the severe major (often mixed)
depressive episode and less frequently in mania with mixed features but very rarely
during euphoric mania, hypomania, or euthymia; this suggests that suicidal behav-
ior in BD patients is a state- and severity-dependent phenomenon. However, since
the majority of BD patients never commit suicide (and up to 50 % of them never
attempt it), risk factors other than BD itself also play a significant contributory role.
This chapter summarizes the clinically most relevant suicide risk and protective
factors in BD and also briefly explores the most effective suicide prevention
strategies.

Keywords Bipolar disorder » Unipolar depression * Major depressive episode ¢
Suicide ¢ Suicide attempt ¢ Suicide ideation e Suicide risk factors e Suicide
protective factors ¢ Suicide prevention

4.1 Introduction

Bipolar disorder (BD) is associated with a substantial burden of illness-related
health and economic problems. Given the 1.3-5.0 % lifetime prevalence of BD-I
and BD-II (Rihmer and Angst 2009), they are among the most frequent psychiatric
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illnesses (Hawton et al. 2005; Tondo et al. 2003; Rihmer 2005; Goodwin and
Jamison 2007; Dunner 2003; Angst et al. 2005; Schaffer et al. 2015). BD is also
among the most potentially life-threatening psychiatric disorders, since life expec-
tancy for patients with BD is about nine to 14 years less than for individuals of the
general population. The standardized mortality ratio (SMR) for all-cause mortality
for BD is around two (Fiedorowicz et al. 2014; Crump et al. 2013; Chang
et al. 2011; Hayes et al. 2015; Kessing et al. 2015). Increased mortality among
patients is attributed to both unnatural (suicide, unintentional injuries) and natural
(cardiovascular disorders, diabetes mellitus, COPD, influenza, or pneumonia)
causes of death (Hawton et al. 2005; Rihmer 2005; Goodwin and Jamison 2007;
Dunner 2003; Angst et al. 2005; Fiedorowicz et al. 2014; Crump et al. 2013; Chang
etal. 2011; Hayes et al. 2015; Kessing et al. 2015). Surprisingly, leading causes for
lost life years in BD are natural rather than unnatural ones (Kessing et al. 2015;
Weiner et al. 2011).

In spite of the great clinical and public health significance of BD, it is still under-
referred, underdiagnosed, and undertreated (Rihmer and Angst 2009; Dunner
2003). As successful acute and long-term treatment with mood stabilizers and
other psychotropics markedly reduces the risk of attempted and completed suicides
in BD-I and BD-II (Tondo et al. 2003; Rihmer 2005, 2007a; Angst et al. 2005;
Akiskal 2007; Rihmer and Gonda 2013), the early recognition and appropriate
acute and long-term treatment of BD patients are key elements in suicide preven-
tion for this population. In spite of the fact that suicidal behavior is very rare in the
absence of current major mental disorders (Hawton et al. 2005; Tondo et al. 2003;
Goodwin and Jamison 2007), suicide is not the linear consequence of them; it is a
very complex and multicausal human behavior involving also several psychosocial,
demographic, and cultural components. This chapter summarizes the clinically
most relevant suicide risk and protective factors in BD and briefly reviews the
most effective prevention strategies.

4.2 Suicidal Behavior in Major Mood Disorders

In their meta-analysis of studies on suicide risk in all psychiatric disorders, Harris
and Barraclough (1997) separately analyzed the risk of completed suicide in
patients with an index diagnosis of major depressive disorder (MDD) (23 reports,
more than 8000 patients) or BD (14 reports, more than 3700 patients). The patients
in some of these studies had been followed for many decades. They found that the
risk of completed suicide (i.e., the SMR) was about 20-fold for patients with an
index diagnosis of MDD. For BD, the SMR was 15. In their recently published
meta-review, similar figures were reported by Chesney and colleagues (2014):
SMRs for suicide were 19.7 and 17.1 for MDD and BD, respectively. However,
this type of analysis cannot provide a precise estimation of separate suicide risk in
MDD and BD; specifically, it overestimates the risk for MDD and underestimates
the same risk for BD. The main source of this is that the index diagnosis frequently
changes during the long-term course of illness from MDD to BD-I or BD-II (Angst
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et al. 2005; Goldberg et al. 2001) and, in the studies reviewed by Harris and
Barraclough (1997), the diagnostic category of BD-II depression (major depression
with a history of hypomania but not mania), which is the most common form of BD
(Rihmer and Angst 2009; Dunner 2003), was not considered separately. Therefore,
it is very likely that most BD-II patients in these studies were included in the MDD
subgroup. Moreover, recent findings showed that up to 50 % of unipolar depres-
sions were found to be bipolar depressions when lifetime and/or current intra-
depressive subthreshold hypomanic symptoms as well as bipolar spectrum disor-
ders (i.e., “unipolar” major depression with bipolar family history, treatment-
associated hypomania/mania in major depression, and “unipolar” major depression
with mixed features/agitated depression) were also considered (Rihmer and Angst
2009; Dunner 2003; Akiskal et al. 2005; Benazzi 2006; Angst et al. 2010). Indeed,
the most recent meta-analysis of 28 reports, published between 1945 and 2001
(including only patients with an index diagnosis of BD without long-term lithium
treatment), by Tondo and colleagues (Tondo et al. 2003) found that during an
average 10 years of follow-up, the SMR for completed suicide in BD patients was
as high as 22. This is higher than the same figures for MDD and BD reported by
Harris and Barraclough (1997) and by Chesney and colleagues (2014). These
authors also calculated that suicide rates in BD patients average 0.4 % per year,
which is more than 25 times higher than the same rate in the general population
(Tondo et al. 2003). Another very recent meta-analysis of 15 studies (more than
46,000 patients) reported an SMR value of 14.44 for suicide in BD (13 for males
and 16 for females) (Hayes et al. 2015).

However, in a 40—44-year prospective follow-up study of 406 formerly hospi-
talized patients with major mood disorders (186 MDD and 220 BD) in which the
unipolar—bipolar conversion was carefully considered during the follow-up, Angst
and colleagues (Angst et al. 2005) found that 14.5 % of MDD and 8.2 % of BD (I
+II) patients committed suicide; the SMRs for suicide in unipolar and BD patients
were 26 and 12, respectively. On the other hand, in their very recent long-term
prospective follow-up study (average 11 years) of 1983 MDD and 843 BD (I+II)
patients, Tondo and colleagues (Tondo et al. 2007) found much higher rates of
completed suicide in BD-I and BD-II patients than in MDD patients (0.25 % of
patients/year vs. 0.05 % of patients/year). In a 35-year long follow-up study of 4441
formerly hospitalized psychiatric patients, Sani and colleagues (2011) also found
that BD-II patients had the highest risk for suicide; the authors reported that 2.8 %
of 1163 BD-I and 4.2 % of 602 BD-II patients completed suicide while the rate was
1.9% in 1142 MDD patients. Similarly, in the STEP-BD study (4360, mostly
pharmacologically treated BD patients, mean follow-up 18 months), the rate of
completed suicide was more than twofold in BD-II (0.34 %) than BD-I patients
(0.14 %) (Dennehy et al. 2011). Investigating the absolute risk of completed suicide
in a total Danish national cohort of patients with first psychiatric discharge
(n=176,347), Nordentoft and colleagues (2011) found that the lifetime risk for
suicide in mood disorders was higher for BD (7.8 % for males and 4.8 % for
females) than MDD (6.7 % for males and 3.8 % for females).
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Previous suicide attempt is the most powerful single predictor of future com-
pleted suicide, particularly in patients with major mood disorders (Hawton
et al. 2005; Rihmer 2005, 2007b; Goodwin and Jamison 2007; Harris and
Barraclough 1997). Considering only the 10 clinical studies (including more than
3100 patients) published between 1993 and 2005 in which MDD and BD (I+II)
patients were analyzed separately, it was found that the lifetime rate of prior suicide
attempt(s) was much higher in BD (I+II) patients (mean: 28 %, range: 10-61 %)
than in unipolar depressives (mean: 13 %, range: 9-30 %) (Rihmer 2005). A long-
term prospective study also found that the rate of suicide attempts during the
follow-up was more than double in BD (I+II) than MDD patients (Tondo
et al. 2007). A recently published 18-month follow-up study also found that suicide
attempts were two times more frequent among patients with BD than among MDD
patients (20 % vs. 9.5 %); suicide attempts prior to study baseline were also more
frequent in the BD than in the MDD group (Holma et al. 2014). Community-based
epidemiological studies from the USA (Chen and Dilsaver 1996; Kessler
et al. 1999) and from Hungary (Szadoczky et al. 2000) also showed that the lifetime
rate of prior suicide attempts was 1.5- to 2.5-fold higher in BD (I+II) patients than
in MDD patients. In agreement with the above, it has also been reported that current
suicidal ideation, the major precursor of suicidal behavior (Hawton et al. 2005;
Rihmer 2007b), was more frequent in BD-I and BD-II (36-64 %) than in MDD
(32-46 %) inpatients and outpatients (Hantouche et al. 1998; Benazzi 2005; Sato
et al. 2005).

It is important to emphasize that in BD (similarly to some other psychiatric
disorders, e.g., MDD, schizophrenia), the ratio of attempted and completed suicides
is about 10 times lower than the corresponding proportion of the general population;
the fact that BD patients choose suicide methods with high lethality may explain
this finding (Pompili et al. 2009; Costa Lda et al. 2015; Radomsky et al. 1999).

4.3 Suicide Risk Factors in Bipolar Disorders

Suicidal behavior (completed suicide, suicide attempt) and suicidal ideation in BD
patients occur mostly during the severe pure or mixed major depressive episodes,
less frequently in mania with mixed features, and very rarely during euphoric
mania, hypomania, and euthymia (Hawton et al. 2005; Goodwin and Jamison
2007; Schaffer et al. 2015; Rihmer 2007b; Holma et al. 2014; Valtonen
et al. 2005; Sokero et al. 2006; Judd et al. 2012; Isometsa et al. 2014), indicating
that suicidal behavior in BD patients is a state- and severity-dependent phenome-
non. In accordance with the above, some authors speculate that—in addition to the
fact that BD patients use more frequently violent (highly lethal) suicide methods—
elevated suicide risk for BD (when compared to MDD) may also be related to the
fact that BD patients spend more time in depressive and mixed episodes than
patients with MDD (Holma et al. 2014). Depressive polarity of the most recent
episode also carries an additional risk for suicidal behavior in patients with BD
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(Schaffer et al. 2015). However, since the majority of BD patients never commit
suicide (and up to 50 % of them never attempt it) (Hawton et al. 2005; Tondo
et al. 2003; Rihmer 2005; Chen and Dilsaver 1996; Kessler et al. 1999; Szadoczky
et al. 2000; Hantouche et al. 1998; Benazzi 2005; Sato et al. 2005), risk factors other
than BD itself also play a significant contributory role; these may include special
clinical characteristics as well as some personality, familial, and psychosocial risk
and protective factors (Rihmer 2005; Tondo et al. 2003; Hawton et al. 2005;
Akiskal 2007; Akiskal et al. 2005). The majority of suicide risk factors in BD are
related to the acute phases of the illness (mostly major depressive and mixed
affective episodes), but there are several historical and personality-related factors
that can help clinicians identify highly suicidal BD patients.

The clinical condition which is the most alarming for suicidal behavior in BD is
the recent suicide attempt and the severe (mostly melancholic) major depressive
episode, frequently accompanied by hopelessness, guilt, few reasons for living, and
suicidal ideation (Hawton et al. 2005; Tondo et al. 2003; Rihmer 2005, 2007b;
Akiskal 2007; Holma et al. 2014; Valtonen et al. 2005) as well as agitation,
insomnia (Tondo et al. 2003; Akiskal et al. 2005; Rihmer 2007b; Rihmer and
Akiskal 2006), and psychotic features (Angst et al. 2005; Rihmer 2007b).
According to the results of Sanchez-Gistau and colleagues (2009), atypical features
of the last depressive episode are significantly associated with history of suicide
attempts among patients with BD. Recent results strongly suggest that mixed
depressive episodes labeled as major depressive episodes with mixed features in
DSM-5 (MDD plus three or more co-occurring intra-depressive hypomanic symp-
toms, which highly corresponds to the category of “agitated depression’) that is
present in up to 60 % of BD-I and BD-II depressives (Akiskal et al. 2005; Benazzi
2005, 2006; Sato et al. 2005; Judd et al. 2012) substantially increases the risk of
both attempted and committed suicides. Some results further suggest that mixed
affective episodes carry a higher suicide risk than “pure” depressive ones (Schaffer
et al. 2015; Akiskal 2007; Akiskal et al. 2005; Angst et al. 2010; Rihmer 2007b;
Holma et al. 2014; Benazzi 2005; Sato et al. 2005; Judd et al. 2012; Isometsa
et al. 2014; Rihmer and Akiskal 2006; Balazs et al. 2006; Musil et al. 2013;
Takeshima and Oka 2013). In addition, some studies raised the possibility that
the presence of more mixed and/or depressive affective episodes in the medical
history is also associated with elevated suicidality in patients with BD (Undurraga
et al. 2012; Tidemalm et al. 2014). These results offer an explanation for the rarely
occurring “antidepressant-induced” suicidal behavior: antidepressant monotherapy,
unprotected by mood stabilizers or atypical antipsychotics, particularly in BD and
bipolar spectrum disorder (including “unipolar” depressives with mixed features)
can favor not only hypomanic/manic switches and rapid cycling but also worsen the
preexisting mixed state or generate de novo mixed conditions, making the clinical
picture more serious and ultimately leading to self-destructive behavior (Akiskal
et al. 2005; Benazzi 2005; Rihmer and Akiskal 2006; Musil et al. 2013; Rihmer
et al. 2007). The role of mood instability in suicidal behavior was also supported by
a study showing that a history of rapid mood switching and panic attacks was
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associated with increased likelihood of history of self-reported suicidal thoughts or
action in patients with BD (MacKinnon et al. 2005).

However, suicidal behavior in BD patients is not exclusively restricted to
depressive and mixed episodes (see above). In contrast to classic (euphoric)
mania, where suicidal tendencies are extremely rare, suicidal thoughts and attempts
are relatively common in patients with manic episodes with mixed features
(Hawton et al. 2005; Tondo et al. 2003, 2007; Valtonen et al. 2005), supporting
the common clinical sense that suicidal behavior even in BD patients is linked to
depressive symptomatology (Angst et al. 2005; Tondo et al. 2007; Rihmer 2007b;
Valtonen et al. 2005).

Although BD, in general, carries the highest risk of suicide (Tondo et al. 2003,
2007; Rihmer 2005; Akiskal 2007; Nordentoft et al. 2011), several studies have
shown that BD-II patients have even higher risk than BD-I subjects (Rihmer 2005;
Akiskal 2007; Sani et al. 2011; Dennehy et al. 2011; Hantouche et al. 1998; Sato
et al. 2005; Undurraga et al. 2012; Bulik et al. 1990; Rihmer et al. 1990; Balazs
et al. 2003). However, other studies have found that suicide risk did not seem to
vary significantly according to whether the patient had BD-I or BD-II (Hawton
et al. 2005; Angst et al. 2005; Schaffer et al. 2015; Tondo et al. 2007; Valtonen
et al. 2005; Leverich et al. 2003).

BD shows a high frequency of psychiatric and medical comorbidities (Rihmer
and Angst 2009; Leverich et al. 2003; Miller et al. 2014), and it is well documented
that comorbid anxiety/anxiety disorders (Hawton et al. 2005; Rihmer 2005, 2007b;
Schaffer et al. 2015; Chen and Dilsaver 1996; Balazs et al. 2003; Leverich
et al. 2003; Simon et al. 2007), substance-use disorders (Hawton et al. 2005; Rihmer
2005; Schaffer et al. 2015; MacKinnon et al. 2005; Balazs et al. 2003; Leverich
et al. 2003; Simon et al. 2007; Clements et al. 2013), personality disorders (mainly
borderline personality) (Rihmer 2005; Schaffer et al. 2015; Valtonen et al. 2005;
Sanchez-Gistau et al. 2009; Leverich et al. 2003; Clements et al. 2013), attention
deficit hyperactivity disorder (ADHD) (Lan et al. 2015), and serious medical
illnesses (Hawton et al. 2005; Leverich et al. 2003), particularly in the case of
multiple comorbidities, also increase the risk of all forms of suicidal behavior. As
successful acute and long-term treatment of BD substantially reduces the risk of
both completed and attempted suicides (Tondo et al. 2003; Rihmer 2005, 2007a;
Angst et al. 2005; Akiskal 2007; Rihmer and Gonda 2013), lack of medical and
family support and the first few days of the therapy, when antidepressants usually
do not work (or, rarely, can worsen the depression) (Isometsa et al. 2014; Rihmer
and Akiskal 2006; Takeshima and Oka 2013), should also be considered as suicide
risk factors.

As for suicide risk factors related to the prior course of BD, previous suicide
attempt(s), particularly in the case of violent or more lethal methods, is the most
powerful single predictor of future attempts and fatal suicide (Hawton et al. 2005;
Tondo et al. 2003; Rihmer 2005, 2007b; Holma et al. 2014; Valtonen et al. 2005;
MacKinnon et al. 2005). BD patients in general (Zalsman et al. 2006), and BD-II
patients in particular (Vieta et al. 1997; Tondo et al. 2007), use more violent and
more lethal suicide methods than patients with MDD or BD-I patients,
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respectively, particularly males. Therefore, higher rates of suicidal behavior
(mainly completed suicide) in patients with BD compared to MDD may be due
to a specific effect of BD on males, resulting in more dangerous suicidal behaviors
(Zalsman et al. 2006).

Other historical variables, like early onset and early stage of BD (Goodwin and
Jamison 2007; Tondo et al. 2003, 2007; Angst et al. 2005; Schaffer et al. 2015;
MacKinnon et al. 2005; Simon et al. 2007; Pompili et al. 2013; Gonda et al. 2012),
as well as rapid cycling course, predominant depressive polarity, and multiple (i.e.,
great number of prior) admissions to inpatient care (Hawton et al. 2005; Tondo
et al. 2003; Angst et al. 2005; Valtonen et al. 2005; Leverich et al. 2003; Clements
et al. 2013; Gonda et al. 2012; Carvalho et al. 2014; Hoyer et al. 2004) have also
been shown to increase the chance of both attempted and completed suicides. In
accordance with the finding that early stages of the disease are associated with a
further increase of suicide risk, a recent study demonstrated that the contribution of
suicide to life years lost was the highest in young age bands (Kessing et al. 2015).

Longer periods from onset of illness to the proper diagnosis of BD and/or delay
in the provision of appropriate treatment were also found to be risk factors for
suicidal behavior in both prospective and retrospective studies (Undurraga
et al. 2012; Gonda et al. 2012; Nery-Fernandes et al. 2012; Altamura et al. 2010).
Some results also indicated that the depressive polarity of the first affective episode
(which is typical for BD-II) is also positively associated with suicidality in BD
(Schaffer et al. 2015; Gonda et al. 2012; Chaudhury et al. 2007; Neves et al. 2009).

It is well known that suicide risk is extremely high soon after hospital discharge
in psychiatric patients in general and in affective disorder patients in particular
(including BD) (Isometsa et al. 2014; Hoyer et al. 2004; Bostwick and Pankratz
2000; Hawton and van Heeringen 2009; Popovic et al. 2014). According to the
results of Isometsd and colleagues (Isometsa et al. 2014), the degree of post-
discharge risk is the highest for depressive episodes followed by mixed and then
by manic episodes; at the same time, post-discharge risk declines with time more
slowly for mixed than for depressive episodes. Some investigations have also
revealed that among psychiatric patients (including those with BD) suicide risk is
highly elevated during the period immediately after admission (Clements
et al. 2013; Hoyer et al. 2004, 2009; Hawton and van Heeringen 2009; Popovic
et al. 2014).

Personality characteristics also play a significant role in the development and
particularly in the manifestation of suicidal behavior. The voluminous literature on
this subject consistently shows that aggressive—impulsive personality traits
(Valtonen et al. 2005; MacKinnon et al. 2005; Zalsman et al. 2006; Mann
et al. 1999; Oquendo et al. 2004; Swann et al. 2007) especially in combination
with high levels of current hopelessness and pessimism (Holma et al. 2014; Mann
et al. 1999; Oquendo et al. 2004) markedly increase the risk of suicidal behavior in
patients with BD and other psychiatric disorders. In BD-I and BD-II depressed
patients, the level of impulsivity and the rate of prior suicide attempts increased
with increasing number of intra-depressive hypomanic symptoms (Swann
et al. 2007), supporting the strong relationship between the bipolar nature of
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depression and impulsive behavior (Benazzi 2003). Irritable mood (a core symptom
of mania and hypomania) and anger attacks (inappropriate, sudden spells of anger
associated with autonomic arousal symptoms and behavioral outbursts) are closely
linked, and anger attacks are much more common in bipolar depression than in
MDD (Benazzi 2003, 2006). Moreover, if anger attacks occur during MDD, the
bipolar nature of these “unipolar” depressions was supported by their association
with most important validating variables of BD (early onset, atypical or mixed
features of depressive episode, family history of BD) (Benazzi 2003).

Cyclothymia/cyclothymic affective temperament—that is, the attenuated form
and frequently the precursor of major BD—seems to also be a predisposing factor
for suicidal behavior. In patients experiencing a major depressive episode, cyclo-
thymic personality was significantly related to lifetime and current suicidal behav-
ior (ideation and attempts) both in adults and in a pediatric sample (Akiskal
et al. 2003; Kochman et al. 2005; Pompili et al. 2012).

The interaction between personality features and illness characteristics in sui-
cidal behavior was best formulated by Mann and colleagues (1999) in their “stress—
diathesis model,” suggesting that suicidal behavior in psychiatric patients is deter-
mined not only by the stressor (acute major psychiatric illness) but also by a
diathesis (impulsive, aggressive, pessimistic personality traits).

In spite of the fact that the vast majority of suicide victims in the general
population are males and the opposite is true for suicide attempters (Goodwin and
Jamison 2007; Harris and Barraclough 1997; Rihmer 2007b; Rihmer and Akiskal
2006), these differences are smaller among suicidal patients with BD (Hawton
et al. 2005; Tondo et al. 2003; Angst et al. 2005; Schaffer et al. 2015; Hayes
et al. 2015; MacKinnon et al. 2005; Simon et al. 2007), suggesting that in individual
cases gender is not a significant predictor for committed and attempted suicide in
this otherwise high-risk population. Nevertheless, although gender differences are
not so pronounced among BD subjects as among members of the general popula-
tion, in their recently published meta-analysis Schaffer and colleagues (2015)
identified female gender as a risk factor for suicide attempts and male gender as a
risk factor for suicide deaths in BD subjects. Lesbian, gay, bisexual, and transgen-
der individuals are at elevated risk for suicidal behavior, particularly if BD and
other suicide risk factors are also present (Fitzpatrick et al. 2005).

With regard to suicide risk factors related to personal history, early negative life
events (e.g., parental loss, isolation, emotional, physical, and sexual abuse)
(Hawton et al. 2005; Rihmer 2005, 2007b; Leverich et al. 2003; Mann
et al. 1999), permanent adverse life situations (e.g., unemployment, isolation)
(Hawton et al. 2005; Rihmer 2005, 2007b), and acute psychosocial stressors (e.g.,
loss events, financial disasters) (Rihmer 2005, 2007b; Costa Lda et al. 2015;
Leverich et al. 2003; Isometsa et al. 1995) are the most important and clinically
useful indicators of possible suicidality, primarily if other risk factors are also
present. However, acute psychosocial stressors are commonly dependent on the
victim’s own behavior, particularly in the case of BD-I (Isometsa et al. 1995). It
may be that hypomanic and manic periods can easily lead to aggressive—impulsive
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behavior, financial extravagance, or episodic promiscuity, thus generating several
interpersonal conflicts, marital breakdown, and new negative life events, all of
which have a negative impact on the further course of the illness.

Family history of suicidal behavior and/or major mood disorders in first- and
second-degree relatives is also a strong risk factor for both attempted and completed
suicides in psychiatric patients in general and in BD patients in particular (Hawton
et al. 2005; Rihmer 2005, 2007b; Schaffer et al. 2015; Sanchez-Gistau et al. 2009;
MacKinnon et al. 2005; Leverich et al. 2003; Mann et al. 1999). However, the
familial component of suicidal behavior seems to be partly independent of psychi-
atric disorders, as relatives of suicide victims are over 10 times more likely than
relatives of comparison subjects to attempt or complete suicide even after control-
ling for psychopathology (Kim et al. 2005). Results of a recent longitudinal study
also confirmed that suicidal behavior of parents with mood disorders conveyed
elevated odds of suicidal behavior among offspring, even after controlling for some
other offspring risk factors for suicidality, for instance, previous suicide attempt
and history of mood disorder (both assessed at baseline) or mood disorder at the
time point before the suicide attempt (Brent et al. 2015).

The clinically explorable suicide risk factors in BD are listed in Table 4.1. As
suicidal behavior in BD patients is very rare in the absence of major mood episodes,
suicide risk factors related to these conditions are the most powerful predictors,
particularly if other risk factors (and high lethality suicide methods) are also
present. Suicide risk factors are additive: the higher the number of risk factors,
the higher the chance of suicidal behavior.

4.4 Suicide Protective Factors in Bipolar Disorder

In contrast to several suicide risk factors, only few circumstances are known to have
a protective effect against suicidal behavior. Good family and social support,
pregnancy and the postpartum period, having a great number of children, holding
strong religious beliefs, and restricting lethal suicide methods (e.g., reducing
domestic and car exhaust gas toxicity and introducing stricter laws on gun control)
whenever possible seem to have some protective effect (Rihmer 2005; Goodwin
and Jamison 2007; Marzuk et al. 1997; Dervic et al. 2004; Driver and Abed 2004;
Rihmer et al. 2004). However, the most extensively studied suicide protective
factor in major mood disorders is acute and long-term pharmacological treatment
(Tondo et al. 2003; Rihmer 2005, 2007a, b; Angst et al. 2005; Akiskal 2007;
Rihmer and Gonda 2013; Rihmer and Akiskal 2006).

Although suicide is a rare event in the community, it is very frequent among
patients with BD, most of whom contact different levels of healthcare some weeks
or months before their death (Tondo et al. 2003; Rihmer 2005, 2007a, b; Rihmer
et al. 1990). The high rate of BD and recent medical contact before suicidal
behavior underline the priority role of healthcare workers in suicide prevention.
Unfortunately, less than one-third of BD suicide victims and suicide attempters
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Table 4.1 Clinically detectable suicide risk factors in bipolar disorders

1. Risk factors related to acute mood episodes
(a) Severe major depressive episode

— Current suicide attempt, plan, ideation

— Hopelessness, guilt, few reasons for living

— Agitation, depressive mixed state (DSM-5 major depressive episode with mixed features),
insomnia

— Psychotic and atypical features

— Bipolar II diagnosis

— Comorbid Axis I (especially anxiety and substance use disorders), Axis II (especially
borderline personality disorder), or serious Axis III disorders

— Lack of medical treatment and family/social support

— First few days of the treatment (particularly if appropriate care and co-medication is lacking)

— First few weeks (months) after hospital discharge (especially if hospital admission was due
to a depressive or a mixed episode)

— The period immediately after the hospital admission
(b) Manic or hypomanic episode with mixed features (DSM-5)

2. Risk factors related to prior course of the illness

— Previous suicide attempt/ideation (particularly violent/highly lethal methods)

— Early onset/early stage of the illness

— Rapid cycling course

— Depressive polarity of the first and/or the most recent episode; predominantly depressive
polarity during the prior course

— High number of previous admissions to inpatient care

— Delay in proper diagnosis and/or treatment; lack of treatment

3. Risk factors related to personality features
— Aggressive/impulsive personality traits
— Cyclothymic, irritable, depressive temperament
— Same-sex orientation, bisexuality
4. Risk factors related to personal history
— Early negative life events (separation, emotional, physical, and sexual abuse)
— Permanent adverse life situations (unemployment, isolation)
— Acute psychosocial stressors (loss events, financial catastrophe)

5. Risk factors related to family history
— Family history of mood disorders (first- and second-degree relatives)
— Family history of suicide and/or suicide attempt (first- and second-degree relatives)

were receiving appropriate pharmacotherapy at the time of the suicide event
(Rihmer et al. 1990; Balazs et al. 2003; Isometsa et al. 1994). As about two-thirds
of suicide victims die by their first attempt (Goodwin and Jamison 2007; Rihmer
2007b; Isometsa and Lonnqvist 1998), the risk of suicide in BD patients is very high
even if the patient never attempted suicide before. The careful estimation of all
suicide risks and protective factors (see Table 4.1) is helpful in detecting suicide
risk as early as possible—ideally even before the first suicidal act—and intervening
prior to the patient making the first suicide act. Successful long-term prophylaxis of
these patients results in “hidden suicide prevention.”
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4.5 Prevention of Suicidal Behavior in Bipolar Patients

Several open clinical studies and randomized controlled trials have consistently
found that acute and long-term treatment with lithium and other mood stabilizers
(sometimes in combination with antidepressants and antipsychotics) markedly
reduces the risk of attempted and completed suicide in BD-I and BD-II, as well
as in MDD patients, by an average of 80 % (Tondo et al. 2003; Rihmer 2005; Angst
et al. 2005; Rihmer and Gonda 2013; Rihmer and Akiskal 2006). It has been also
reported that the suicide rate of BD patients decreased progressively with increas-
ing numbers of prescription of mood stabilizers (Sondergard et al. 2008). This
strong antisuicidal effect of lithium seems to be more than the simple result of its
episode-prophylactic effect, as it has been reported that during the long-term
lithium prophylaxis of 167 recurrent BD or MDD patients with at least one prior
suicide attempt, a significant reduction in the number of suicide attempts was found
not only in excellent responders to lithium (92 %) but also in moderate (78 %) and
poor responders (70 %) (Ahrens and Muller-Oerlinghausen 2001). The clinical
message of this finding is that in the case of lithium nonresponse, when the patient
has one or more suicide risk factors, instead of switching lithium to another mood
stabilizer, the clinician should retain lithium (even on a lower dose) and combine it
with another mood stabilizer. BD patients with long-term pharmacotherapy some-
times need (and more frequently receive) antidepressants and/or antipsychotics in
addition to their mood stabilizers for shorter or longer periods of time. However,
there is a growing body of evidence suggesting that antidepressant monotherapy
can worsen the cross-sectional picture as well as the long-term course and outcome
of BD and, as a result, can induce suicidal behavior indirectly. Antidepressant
monotherapy without the concomitant use of mood stabilizers or atypical antipsy-
chotics in threshold and subthreshold bipolar depressives—who typically have
early onset of illness and are young—can result in high rates of antidepressant
resistance and can sometimes worsen the cross-sectional picture of depression. This
can occur particularly in adolescents and young adults not only by causing (hypo)
manic switch but also by inducing or aggravating depressive mixed state/agitation,
called also as “activation syndrome,” which is the major substrate of suicidal
behavior (Dunner 2003; Rihmer 2007a; Akiskal 2007; Rihmer and Gonda 2013;
Benazzi 2005; Rihmer and Akiskal 2006; Musil et al. 2013; Takeshima and Oka
2013; Rihmer et al. 2007).

The most recent naturalistic, prospective chart review analysis of 405 BD-I and
BD-II patients also showed that mood stabilizer monotherapy markedly reduced the
risk of suicidal behavior. The frequency of suicidal behavior was highest in patients
with antidepressant and antipsychotic monotherapy, lowest in patients with mood
stabilizer monotherapy, and that the risk of patients receiving combination therapy
(mood stabilizers + antidepressants or antipsychotics) showed an intermediate
position, suggesting that a combination of antidepressants or antipsychotics with
mood stabilizers markedly reduced (but did not fully eliminate) this increased
suicide risk (Yerevanian et al. 2007a—c). These results support and extend prior
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and most recent findings (Rihmer 2007a; Akiskal 2007; Rihmer and Akiskal 2006;
Takeshima and Oka 2013) and suggest that not only antidepressants but also
antipsychotics can worsen the cross-sectional and longitudinal course of BD; this
worsening is most clearly reflected in the elevated rate of suicidality. However,
some results (e.g., Leon et al. 2014) suggest that antidepressant therapy may be
rather protective in regard to suicidal behavior in patients with BD (Leon
et al. 2014). Moreover, the recent task force report of the International Society
for Bipolar Disorders also concluded that the evidence of an association between
either decreased or increased risk of suicidal behavior with antidepressant medica-
tion in BD patients is poor (Pacchiarotti et al. 2013). Despite the somewhat
inconclusive results, in our opinion, doctors should keep their BD patients on
these supplementary medications (e.g., antidepressants) as short a time as possible
and the main component of long-term treatment should be the mood stabilizer
pharmacotherapy. However, since the risk reduction for suicidal behavior among
BD patients treated with mood stabilizers, although clinically significant (Tondo
et al. 2003; Rihmer 2005; Angst et al. 2005; Rihmer and Gonda 2013; Rihmer and
Akiskal 2006), is still incomplete, development of alternative or supplementary
treatment strategies is also required.

Recently, several effective psychosocial interventions for BD have been devel-
oped (psychoeducation, cognitive behavioral therapy, interpersonal and social
rhythm therapy, etc.), particularly for noncompliant, drug intolerant, and drug-
nonresponsive patients (Rihmer 2005; Michalak et al. 2004; Rucci et al. 2002).
Since they are designed for relapse/recurrence prevention, they might have efficacy
in suicide prevention as well, and a combination of these methods with long-term
pharmacotherapy may substantially improve results (Rucci et al. 2002).
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Chapter 5
The Genetic Basis of Bipolar Disorder

Liping Hou and Francis J. McMahon

Abstract The high heritability of bipolar disorder (BD) means that a full under-
standing of etiology must account for the strong influence of inherited genetic
variation. An energetic search for specific genetic risk factors over the past
25 years has begun to bear fruit, but most of the genetic risk for BD remains
unexplained. In this chapter, we will review the genetic epidemiology of BD,
studies aimed at identifying genes that confer risk for the illness, functional
genomic studies that seek to elucidate the pathophysiology of BD from the level
of genes and gene networks, and pharmacogenomic studies that aim to identify
genetic markers of treatment outcome. We conclude with a view to future directions
that may ultimately lead to a more complete understanding of this common, severe
mental illness and better approaches to diagnosis and treatment.

Keywords GWAS ¢« CACNAI1C « ANK3 « TRANK1 ¢« CNV ¢ 16p11 dup * Mania «
Depression

5.1 Introduction

Bipolar disorder (BD) is a highly heritable illness, and inherited genetic factors
account for most of the individual variation in risk. Despite this fact, the identifi-
cation of specific genetic risk factors has proven quite challenging. Recent years
have seen a revolution in our understanding of the genetic basis of common,
complex disorders like BD owing to innovative study designs such as genome-
wide association studies (GWAS). GWAS have now identified a number of repro-
ducible genetic markers for BD, but these so far account for only a small portion of
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the heritability. Ongoing studies that examine rarer forms of genetic variation, such
as copy number variants (CNVs) and rare functional variants in DNA sequence,
may shed light on at least some of the remaining heritability.

5.2 Genetic Epidemiology

5.2.1 Family Studies

Observational and systematic studies conducted in the early twentieth century
demonstrated that BD aggregates in families (reviewed in Schulze et al. 2004;
Propping 2005). While the lifetime prevalence of BD in the general population is
around 1-2 %, multiple studies have reported that the lifetime risk for BD in first-
degree relatives of a patient with the illness is increased on the order of five- to
20-fold.

Family studies are also an excellent way to define the range of clinical manifes-
tations of underlying risk genotypes. Classically, probands are ascertained and
diagnosed without regard to family history, and their first- and second-degree
relatives are then systematically assessed for the presence of traits of interest. The
best-known such studies in BD were published in the 1980s (Gershon et al. 1982;
Weissman et al. 1984). These studies showed that not only BD but also major
depressive disorder (MDD, also known as unipolar depression), dysthymia, cyclo-
thymia, schizoaffective BD, alcoholism, and anxiety disorders were all increased
among the first-degree relatives of probands with BD. On the other hand, schizo-
phrenia and other non-affective psychotic illnesses were not found to be increased
by most studies. These data were generally interpreted as supporting the existence
of a spectrum of bipolar-related conditions distinct from schizophrenia, although
some dissenting views persisted (Berrettini 2000).

The availability of large-scale, population-based registries that can be linked to
electronic medical records (EMRs) has ushered in a new era of family studies.
Population-based studies have several advantages over traditional family study
designs, including large sample size, more complete ascertainment, reduced risk
of misreporting and recall bias, and the ability to link distant (second degree and
beyond) relatives. On the other hand, diagnostic information may be less detailed
and precise than what can be obtained from direct, research-grade evaluations blind
to proband diagnosis.

Population-based family studies have challenged the view that BD and schizo-
phrenia are distinct at the family level. The largest such study (Lichtenstein
et al. 2009), based in Sweden, showed an increased risk of BD and other mood
disorder diagnoses among first-degree relatives of individuals with BD comparable
to that reported in the earlier studies. However, this study also showed a substan-
tially increased rate of schizophrenia diagnoses among first-degree relatives that
contrasted with earlier studies. It is possible that modest sample sizes and
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incomplete ascertainment led the earlier studies to underestimate the risk of schizo-
phrenia among relatives of people with BD.

One prominent feature of family studies of BD is the lack of a clear Mendelian
pattern of inheritance, a cardinal feature of complex disorders. While some segre-
gation analyses have supported a single major locus (Mendelian) model, most
studies have been unable to exclude polygenic or multifactorial models. This
probably reflects inherent limitations associated with segregation analysis methods
to handle heterogeneity and complex modes of inheritance. This is further compli-
cated by evidence that families of probands with BD are characterized by assorta-
tive mating (Mathews and Reus 2001), genetic anticipation (Mclnnis et al. 1993),
and parent of origin effects that may reflect genomic imprinting (Stine et al. 1995),
mitochondrial inheritance (McMahon et al. 1995), or other factors. Still, most
people with BD have a first-degree relative with a diagnosis of BD or MDD
(Gershon et al. 1982; Weissman et al. 1984). This contrasts with disorders such
as schizophrenia or autism, which typically occur without affected first-degree
relatives. This observation fits with the apparently much greater role that de novo
genetic changes (CNVs or point mutations) play in schizophrenia and autism than
in BD.

5.2.2 Twin Studies

BD is a highly heritable illness. This means that the majority of the individual
variation in risk can be explained by inherited genetic variation. This has been a
very consistent finding over more than a century of research, despite differences in
study populations, case definitions, and analysis methods (Reus and Freimer 1997).

Twin studies published between 1930 and 2004 (Luxenburger 1930; Rosanoff
et al. 1935; Bertelsen et al. 1977; McGuffin et al. 2003; Kieseppa et al. 2004) have
consistently supported the high heritability of BD, with values on the order of
80 and 90 %. This is remarkable considering how much has changed in terms of
diagnostic assessments, twin study methods, and societal trends in the nearly
100-year span of these studies.

Some recent research has suggested that twin studies may overestimate herita-
bility under certain conditions that violate basic assumptions of the twin method.
For example, when there is significant gene—environment correlation such that
genetic risk factors also increase the likelihood of exposure to environmental risk
factors, true heritability can be overestimated (Visscher et al. 2008). An example of
this would be alcoholism, where alcoholic parents may pass on risk alleles to their
offspring but may also keep more alcohol at home and model excessive drinking
behavior for their offspring. Twin studies may also overestimate heritability when
identical twins share a more similar environment than dizygotic twins (a violation
of the “equal environments” assumption (Eaves 1978)). De novo variation that
occurs early in the twinning process may be shared by monozygotic twins but will
never be shared by dizygotic twins. To the extent that this de novo event contributes
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to a trait, heritability estimates based in part on the difference in trait concordance
between monozygotic and dizygotic twins may be inflated (Gratten et al. 2013).

5.2.3 Adoption Studies

Two systematic adoption studies in BD (Mendlewicz and Rainer 1977; Wender
et al. 1986), while performed in comparatively small samples, further support the
notion that genetic factors contribute substantially more to the etiology of BD than
environmental factors.

Some population-based registry studies have been published in recent years that
largely agree with the results of the classic adoption studies (Lichtenstein
et al. 2009; Song et al. 2015). However, the larger sample sizes of the population-
based studies also detect significantly increased risks of BD in biologically
unrelated adoptee/adoptive parent and adoptive parent/adoptee  pairs
(OR 1.8-5.4), although the sample sizes were still small (Song et al. 2015). This
suggests some nongenetic familial contributions to BD.

5.3 Gene Identification

Genetic epidemiology has provided compelling evidence that genetic factors play a
major role in the etiology of BD and has laid the foundation for future studies.
However, the methods of genetic epidemiology are not capable of identifying the
genes involved or pinpointing the genetic variation to explain the high heritability
of BD. This task required a method of genetic mapping, and the advent of genetic
linkage studies in humans seemed to fit the bill. When the genetic complexity of BD
proved too much for linkage studies, candidate gene association studies came into
vogue, but it was not until the advent of GWAS that specific genetic loci involved in
BD could be consistently identified. Even then, we did not find exactly what we
thought we were looking for.

5.3.1 Linkage Studies

The phenomenon of genetic linkage was first described by Thomas Hunt Morgan in
his studies of fruit flies. Morgan realized that traits tended to be inherited together
when they were influenced by genes that were near one another on the same
chromosome. At first, the application of Morgan’s principles to humans proved
challenging. In 1980, Botstein, Lander, and White proposed that genetic markers
could be used to map genes by linkage even in the human genome (Botstein
et al. 1980). Their prediction was soon proven true, with strong findings of genetic
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linkage in cystic fibrosis (Knowlton et al. 1985; Wainwright et al. 1985),
Huntington’s Disease (Gusella et al. 1983), and BD (Egeland et al. 1987).

The former two genetic linkages were quickly confirmed and disease-causing
mutations identified. But the latter was not and was soon retracted (Kelsoe
et al. 1989). This false start foretold much of what would follow in the ensuing
decade of genetic linkage studies for BD. It also embodied many of the difficul-
ties—genetic heterogeneity, small effect sizes, and non-Mendelian inheritance
patterns—that would by the 1990s come to be seen as the key characteristics of
all complex genetic conditions like BD, type 2 diabetes, and cardiovascular disease.

Three major meta-analyses of linkage studies in BD were undertaken in an
attempt to increase power by increasing sample size (Badner and Gershon 2002;
Segurado et al. 2003; McQueen et al. 2005). While providing support for loci on
chromosomes 6q, 8q, 13q, 18q, and 22q, each study tended to highlight
nonoverlapping sets of loci. Linkage analysis is now no longer seen as a powerful
tool to pinpoint susceptibility genes for complex traits and diseases. While some of
the reported linkage regions may ultimately be found to harbor risk alleles, the
genetic (or locus) heterogeneity of BD may be so high that it defeats the ability of
linkage analyses to separate true findings from a large number of false positives,
even with large sample sizes. As noted below, linkage methods may find a new role
in family-based sequencing studies.

5.3.2 Candidate Gene Studies

Genetic association studies were the second major molecular approach taken to
unlock the genetic mysteries of BD. Instead of searching for genetic markers that
were inherited together in families, genetic association studies sought to directly
measure genetic differences between groups of unrelated individuals who differed
for a trait such as BD. These genetic differences were measured with molecular
tools known as genetic markers. The early genetic association studies were only
able to examine a few genetic markers at a time, so researchers tried to focus on
genes whose known functions seemed to “make sense” as candidates for a given
disease. Thus, the era of candidate gene association studies was born.

Candidate gene association studies of BD did make some headway, but with
little consensus around the main findings. Several studies, in particular systematic
studies of many markers in linkage regions and large-scale candidate gene studies,
identified potential susceptibility genes (Craddock and Forty 2006; Detera-
Wadleigh and McMahon 2006; Hayden and Nurnberger 2006; Farmer et al. 2007;
Kato 2007), but results remained inconsistent across studies (Ioannidis 2007). We
now understand that there were at least two major reasons for this inconsistency.

First, with close to 20,000 genes—most of whose functions are unknown—the
selection of candidate genes is actually much more difficult than people thought. So
the prior probability that any particular marker would be associated with a disease
was actually very low. In addition, since individual markers exert only a very small
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effect on a trait (typically <1 % of the variance, as we now know), the power to
detect true association was low in the kinds of sample sizes (in the tens or hundreds)
that were typical of a candidate gene study. Taken together, low prior probability
and low power to detect true findings meant that most association findings declared
significant at the usual p-value thresholds of 5% or even 1 % would most likely
represent false positives (Ioannidis 2003).

The second major reason for inconsistency arose from the fact that there was no
commonly accepted catalog of genetic variants from which to select markers for
study. Thus, it was difficult to compare studies, since different markers were often
used in studies of the same gene. Large efforts to develop standard maps of
common genetic variation, such as the HapMap Project (www.hapmap.org; (Inter-
national HapMap Consortium 2003)), solved this problem by generating large lists
of markers and defining “tag” single nucleotide polymorphisms (SNPs) that effi-
ciently interrogate large regions of the genome, known as haplotype blocks.

5.3.3 Genome-Wide Association Studies

Like genetic research in other complex disorders, BD genetics entered the twenty-
first century against the backdrop of important developments in human genetics.
These included the publication of the sequence of the human genome (McPherson
et al. 2001; Venter et al. 2001), the completion of the HapMap, and the advent of
DNA microchip technology. These landmark developments have greatly dimin-
ished one major impediment in complex genetic research: technical feasibility.
Now, financial resources allowing, several thousand samples can be genotyped with
several hundred thousand genetic markers or sequenced over hundreds of
megabases in a small fraction of the time such an endeavor would have taken just
a few years ago. The GWAS, large-scale surveys of copy number variation, and
large-scale resequencing studies are all early products of these technological
developments. We cannot foresee all that will follow, but it is already clear that
the GWAS have opened new windows into the genetic architecture of common
complex disorders such as BD.

There are probably about 10 million common SNPs in the human genome.
Previous case—control association studies could assay only a fraction of this impor-
tant source of genetic variation. In GWAS, several hundred thousand or million
SNPs are rapidly scanned across the complete genome of a large number of case
and control individuals (or, less commonly, case-parent trios). SNPs are selected on
the basis of informativeness, without a specific prior hypothesis of etiological
involvement in disease, so GWAS are commonly referred to as “hypothesis-free”
studies.

GWAS have now been performed for several hundred complex phenotypes. In
psychiatry, GWAS have now been published for schizophrenia, obsessive—com-
pulsive disorder, MDD, autism, attention deficit hyperactivity disorder (ADHD),
and BD. Association signals have been found and replicated for many of these
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Fig. 5.1 Thanks to the efforts of many groups that have collected and genotyped large case—
control samples; about 16 genome-wide significant loci have been identified so far in BD. Loci are
indicated here by the name of the nearest gene(s), except for the chromosome 3p21 locus, where
many genes are packed into a small region. Each individual locus confers only very small risk, and
not every locus has been consistently replicated

disorders (Collins and Sullivan 2013). The early GWAS in BD were based on
relatively small samples (Wellcome Trust Case Control Consortium 2007; Baum
et al. 2008; Sklar et al. 2008), and it was not initially clear if consistent findings
would emerge. But as sample sizes have grown and studies have been combined
with sophisticated methods of meta-analysis, we can now confidently point to
several loci with reproducible effects (Fig. 5.1). The top SNPs implicate the
genes CACNAIC, ANK3, and TRANKI, as well as a region on chromosome 3p
that contains many genes. The number of implicated genes is still too small for
confident statements about etiologic pathways, but initial data seem to implicate
calcium signaling, neuronal transmission, and neuronal development.

These findings support several general conclusions, most of which came as a
surprise. Despite the high heritability of BD, there are no common genetic markers
that have a large effect on risk. Individual markers typically confer a 1-3 %
increased risk in carriers. Taken together, all common markers may account for
about 2% of the individual variance in risk (Wray et al. 2014). GWAS have
revealed that many complex disorders, while highly heritable, are actually the
product of many genes of small individual effect that add together to increase
risk of disease, close to the classic polygenic threshold model (Falconer 1981).
Although genetic markers do not necessarily implicate specific genes, none of those
that have emerged to date were considered candidate genes by the field and none of
the previously reported candidate gene association results have been replicated by
GWAS. GWAS are still underpowered to confidently exclude any gene, but it is
safe to say that most of the implicated genes have been a complete surprise and that
the functions of many of these genes remain largely unknown.
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Another surprising finding is that much of the common genetic risk for BD
overlaps with schizophrenia and, to a lesser extent, autism (Cross-Disorder Group
of the Psychiatric Genomics Consortium 2013a, b). This discovery challenges the
prevailing nosology of mental illnesses and suggests that the widely accepted
diagnostic categories—while reliable—do not correspond to distinct biological
etiologies. The next major challenge for the field will be to confidently assign
each replicated marker to a gene and begin to develop gene-based biological
hypotheses for further study. This is addressed further below.

5.3.4 CNVs and Other Rare Risk Alleles

Despite the progress made with GWAS, much of the genetic risk for BD remains
uncharacterized. In addition to the many common risk alleles, there may also be
rarer alleles that confer larger risk, shape the clinical picture, or influence treatment
outcomes. This is the pattern for schizophrenia, for example, where common
variants account for about one-third of the risk, but many individually rare vari-
ants—for instance, large CNVs (Walsh et al. 2008) and de novo point mutations
(Xu et al. 2008, 2011, 2012; Fromer et al. 2014)—confer substantial risk in a
minority of cases. There has been less progress in identifying rarer alleles that
exert large effects in BD, but a few studies have suggested that CNVs do play a role,
at least in BD. Several other studies have also reported de novo CNVs in BD,
especially chromosome 16pl1 duplications (Green et al. 2016). Large-scale
sequencing studies of BD are underway, and these may implicate additional rare
alleles with larger effects on risk than have been observed so far by GWASs.

Ongoing studies of disorders such as autism (Sebat et al. 2007; Morrow
et al. 2008; Sanders et al. 2011, 2012) and schizophrenia (Walsh et al. 2008; Xu
et al. 2008, 2011, 2012; Guha et al. 2013) suggest that rare alleles may indeed have
some explanatory power in the genetic basis of mental illness, but compelling rare-
allele findings have not yet appeared for BD. As noted, existing findings in BD
seem to point toward many alleles of small effect. But if this were the whole story, it
would not explain the relatively high recurrence rates in first-degree relatives
(on the order of 10-15 % (Gershon et al. 1982)). The true genetic architecture of
common diseases like BD probably encompasses both common alleles that alone
confer small risk (odds ratios 1.1-1.5) and uncommon or rare alleles (including
CNVs) that confer larger risks in a few people or families.

While it can be difficult to disprove, the polygenic threshold model (Fig. 5.2)
still offers the best overall fit to the existing family, linkage, and association
findings for BD (Moser et al. 2015). Polygenic disorders cluster in families and
may be highly heritable, but in contrast to monogenic disorders do not show simple
inheritance patterns. Classically, risk for disease is spread over many dozens—or
hundreds—of distinct genes, each of which confers only a small part of the total risk
for disease. Each person’s disease risk is influenced by the total burden of risk
alleles they carry, with fewer alleles conferring lower and more alleles conferring
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Fig. 5.2 Polygenic threshold model of common, complex disorders. Many alleles are assumed to
play arole in risk. Individuals at the right of the risk allele distribution (blue) are at the highest risk
for disease (red line). Nongenetic (environmental factors) may also contribute, shifting the disease
risk function (red line) to the left

greater risk. Disease occurs when the allele burden crosses some threshold,
although the exact disease threshold for a given person may be influenced by
nongenetic factors.

5.4 Functional Genomics

GWAS have identified several risk variants involved in major mental illnesses, but
the functional consequences of most variants remain undefined. Genetic variation,
both common and rare, may affect coding regions, but most variation lies in regions
that play a regulatory role. Thanks to the ENCODE project (Consortium 2012), we
have learned much more about these regions in recent years. We can now annotate
gene regions based on their interaction with histones, which exert a large influence
on gene expression. We are also recognizing large numbers of new genes that
produce regulatory RNAs (microRNAs, long-noncoding RNAs, etc.) that appear to
play an important role in fine-tuning gene expression over development and in
response to environmental stressors (Batista and Chang 2013).

5.4.1 Gene Expression Studies

Genetic variants can cause a range of functional differences that can trigger
widespread perturbations in brain development and function. These perturbations
may lead to differences in the expression of many genes and may manifest
clinically as individual differences in disease risk.

Many common complex traits are mediated by cis-acting regulatory polymor-
phisms (Bryois et al. 2014) that influence gene expression in a tissue-specific
manner (Hernandez et al. 2012). However, direct analysis of the impact of risk
variants on gene expression in the brain has been challenging due to the limitations
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of postmortem studies and the difficulty in accessing appropriate cells from affected
patients.

Despite these challenges, gene expression studies in postmortem brain have
begun to identify large sets of genes whose expression is consistently perturbed
in BD (for a review, see Seifuddin et al. 2013). As sample sizes grow (http://
commonmind.org/WP/) and methods improve (Akula et al. 2014), it seems likely
that a confident set of differentially expressed genes will be identified. The main
limitation of postmortem studies remains the difficulty in distinguishing between
gene expression changes that play an etiologic role and those that arise as a
consequence of BD or its treatment.

The advent of induced pluripotent stem cell (iPSC) technology (Takahashi and
Yamanaka 2006) and new tools that enable the genetic manipulation of patient-
derived neuronal cells in vitro (Cong et al. 2013) offer opportunities for new
discoveries. iPSCs are particularly valuable for the investigation of polygenic
disorders, since the cells capture the full complement of risk alleles within the
same genetic background as the individual from whom they derive. Gene expres-
sion studies in iPSC-derived neural cells may be a useful strategy for bringing
GWAS findings into a biological context (Brennand et al. 2011).

5.4.2 Epigenetics

Epigenetic studies focus on relatively enduring changes in gene expression that are
not attributable to DNA sequence (Goldberg et al. 2007). Epigenetic marks include
methylation of cytosine residues, which tends to reduce the expression of nearby
genes, and acetylation of histones, which tends to have opposing effects on gene
function.

Preclinical studies have demonstrated that stressful life experiences, drug expo-
sure, and other postconception events can influence gene expression through
epigenetic influences (Lester et al. 2011). These studies raise the exciting possibil-
ity that the contribution of environmental factors to the onset of disorders such as
BD may ultimately be explainable through epigenetic mechanisms. These mecha-
nisms may prove to be excellent therapeutic targets, perhaps more amenable to
curative treatments than risk factors that reside in the inherited sequence of DNA.

5.4.3 Other Studies

The roles of other nontraditional forms of genetic variation have been addressed in
several studies, but remain to be fully elucidated. These include telomere shorten-
ing, an age-dependent phenomenon that may influence risk for depression
(Verhoeven et al. 2014); mitochondrial genetics, which reflect variation in the
mitochondrial genome and influence cellular energetics (Anglin et al. 2012); and
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somatic mutations, which may be particularly common in brain cells and could
exert an important influence on individual differences in disease risk or expression
(Insel 2014). Much more research is needed to elucidate the potential role of these
mechanisms in the genetic basis of BD.

5.5 Pharmacogenomics and Precision Medicine

The treatment of psychiatric disorders is complex, with many different strategies
and highly variable outcomes. Pharmacotherapy is a cornerstone of modern psy-
chiatric care, but trial and error to identify the optimal medication regimen often
contributes to treatment withdrawal, delayed recovery, or treatment-associated
adverse events. The identification of treatment biomarkers could increase the
efficiency of pharmacotherapy and help reduce the burden of mental illness.

Pharmacogenetic studies offer the advantage of a potentially shorter path from
bench to bedside. This is because genetic discoveries may point to new drug targets
or tests that predict treatment outcome without the need to fully elucidate patho-
physiology from the gene up (Laje and McMahon 2007). Alleles involved in
pharmacogenetic traits may escape natural selection and could thus be common
(Pritchard 2001), even though they have a large effect on treatment outcomes.
Several such alleles have already been found by GWAS (Higashi et al. 2002; Chung
et al. 2004; Shuldiner et al. 2009; Goldstein et al. 2014), suggesting that they may
be prevalent.

5.5.1 Mood Stabilizers

Lithium remains a mainstay in the long-term treatment of BD, but response is
variable. About 35 % of patients treated with lithium have fewer illness episodes
over time, while about 20 % have no response (Calkin and Alda 2012). Three
GWAS of lithium response have been published so far, with varying definitions
of response (Perlis et al. 2009; Chen et al. 2014; Hou et al. 2016). No replicated
results have emerged so far. Genetic markers of lithium response could be valuable
for treatment planning and could provide insights into the biological mechanism of
lithium action. With regard to BD, lithium response may be considered a prime
phenotype (Winokur 1975; Alda 2003). Sample size, however, will be the crucial
issue. So far, pharmacogenetic studies of lithium response have been characterized
by a lack of statistical power (Dmitrzak-Weglarz et al. 2005; Rybakowski
et al. 2005; Bremer et al. 2007). Larger sample sizes may be achieved through inter-
national consortia (Schulze et al. 2010), but standardized phenotype characteriza-
tion across centers is clearly needed.

Carbamazepine is a less widely used anticonvulsant and mood stabilizer that has
been associated with severe cutaneous adverse events such as Stevens—Johnson
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syndrome (SJS). Studies in patients of Asian ancestry have consistently shown that
the major histocompatibility allele HLA B*1502 strongly increases risk of SJS and
other severe cutaneous events in people taking carbamazepine (Chung et al. 2004).
Genetic testing for this allele is now recommended by the U.S. Food and Drug
Administration (FDA) in individuals of Asian ancestry. It is unclear if this finding is
relevant for other anticonvulsants more commonly used for mood stabilization,
such as lamotrigine.

5.5.2 Other Agents

Many psychotropic drugs are metabolized to varying degrees by the cytochrome
P450 enzyme system. The genes CYP2D6 and CYP2C19 harbor a number of
common functional polymorphisms that affect drug metabolism (pharmacokinet-
ics). Genetic association studies have sought to identify clinically relevant treat-
ment biomarkers in these genes (Gaedigk and Leeder 2014).

Some studies have implicated genetic variation in cytochrome P450 enzyme
activity in the efficacy and tolerability of antipsychotics (Tanaka and Hisawa 1999;
Basile et al. 2000; Schillevoort et al. 2002). While consistent results have not
emerged for the antipsychotics most widely used in BD, the FDA does recommend
reduced dosing of some antipsychotics in individuals whose CYP2D genotypes
indicate that they are “slow metabolizers” who could suffer increased adverse
events at typical dosages.

A few candidate—gene associations with antipsychotics have been replicated.
These include associations between antipsychotic efficacy and the dopamine D2
receptor (DRD2) gene (Yamanouchi et al. 2003; Lencz et al. 2006), antipsychotic-
induced weight gain and the serotonin 2C receptor (HTR2C) (De Luca et al. 2007;
Opgen-Rhein et al. 2010) as well as melanocortin 4 receptor (MC4R) genes
(Malhotra et al. 2012; Chowdhury et al. 2013), and between clozapine-induced
agranulocytosis and the major histocompatibility gene HLA-DQB1 (Yunis
et al. 1995; Goldstein et al. 2014). Sensitivities and specificities for these markers
have either not been studied or remain too low to guide clinical practice.

No studies have examined pharmacogenetic predictors of mood stabilization by
atypical antipsychotics, although in recent years these drugs have been increasingly
used in patients with BD.

5.6 Conclusions and Future Directions

BD, as currently defined in the standard diagnostic manuals (DSM-IV/DSM-5 and
ICD 10), is a highly reliable but clinically variable entity. Most of the genetic work
in BD has focused on genes that contribute to broader phenotypes, but it is not clear
that such genes, if found, will be able to explain the clinical variability in terms of
age at onset, symptoms, chronicity, comorbidity, and treatment response that is a
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hallmark of the BD diagnosis. Without an operational diagnosis, large collaborative
studies of BD would not have been possible, since case definitions would have
varied too much from center to center. Diagnostic entities in psychiatry are still
mainly constructs without a well-defined shared biology. Correspondence between
genotype and phenotype, when it finally emerges in psychiatry, is unlikely to show
a close resemblance to our current diagnostic systems. It is possible that alleles exist
that increase risk for psychopathology in a fairly general way, with other alleles or
nongenetic factors influencing precise clinical presentation.

As we begin to accumulate data that may influence genetic risk factors for BD,
questions have begun to accumulate. How much of a role will epigenetic factors
play? How does SNP or CNV variation affect gene function? How best do we
translate from a genetic association finding to a clinically relevant test? Addressing
these questions is one of the top priorities for the field in the coming years.

There have been many false starts in genetic studies of BD, but we can now
finally be certain that we are on the right path. We now have the necessary tools to
address BD and other psychiatric illnesses as genetically influenced common
disorders like diabetes, heart disease, and cancer. The relative influence of common
and rare alleles varies across disorders and populations, but these risk alleles and the
genes they influence provide a solid basis for additional studies. The burgeoning
understanding of gene expression and regulation, combined with new tools that
enable the genetic manipulation of patient-derived neuronal cells in vitro, means
that we can now begin to use what is known about genetic markers to design
functional genomic studies aimed at an improved understanding of etiology, path-
ophysiology and, ultimately, diagnosis and treatment. These are long-term projects,
but genomics provides a sound basis for progress.

Disclosures Supported by the NIMH Intramural Research Program. Dr. Hou received additional
support from the Brain & Behavior Research Foundation.
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Chapter 6
Understanding the Neurobiology of Bipolar
Depression

Araba F. Chintoh and L. Trevor Young

Abstract Despite the extensive research in the field, the precise etiology of bipolar
disorder (BD) is not clear; neither, then, is our understanding of the pathogenesis of
bipolar depression. What we do know is largely gleaned from investigations of
patients with BD irrespective of their mood state. The most consistent neuropath-
ological findings include structural, cellular, and functional changes in cortical and
limbic regions, and most explanations for the illness involve pathways that ulti-
mately result in cerebral atrophy and cell loss. Though many theories have been
proposed, here, the focus is on the current leading hypotheses of mitochondrial
involvement, oxidative stress, the role of inflammation, and neurotrophic factors.
Future research is required with a specific focus on the depressive phase of BD in
addition to the study of biomarkers to aid clinicians in the diagnosis and targeted
treatment of bipolar depression.

Keywords Bipolar disorder ¢ Depression ¢ Neuroplasticity ¢ Mitochondrial
dysfunction « Oxidative stress ¢ Inflammation

6.1 Understanding the Neurobiology of Bipolar Depression

Despite extensive research in the field, the precise etiology of bipolar disorder
(BD) is not clear. Neither, then, do we have a fulsome understanding of the
neurobiology of bipolar depression. Some insights have been gained from knowl-
edge of the mechanisms associated with major depressive disorder (MDD); how-
ever, it is largely believed that bipolar depression is unique because of its
differential response to conventional antidepressant treatment as well as its diver-
gent prognosis and course of illness. Our understanding of the pathogenesis of
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bipolar depression comes from the investigation of patients with BD irrespective of
their mood state. Few studies focus exclusively on bipolar depression. Subse-
quently, the existing literature exploring the neurobiology of BD is robust but can
be piecemeal with respect to the depressive state. This chapter will feature key areas
of research into the pathophysiology of BD, taking the opportunity to highlight
depression-specific findings where available.

Though many theories have been proposed, here, the focus is on the current
leading hypotheses of mitochondrial involvement, oxidative stress, the role of
inflammation, and neurotrophic factors. Other hypotheses have implicated the
serotonergic system and neurotransmitter dysfunction (see Wang and Young
(2009) for review) but will not be discussed here in detail. The preceding chapter
provides an in-depth discussion of genetic factors implicated in bipolar depression
and so will not be reviewed again here.

We begin with a review of the neuropathological features of BD since most
explanations for the illness involve pathways that ultimately result in cerebral
atrophy and cell loss. Finally, we attend to the future of research in this field,
highlighting the need for biomarkers to guide diagnosis and treatment of this
complex illness.

6.2 Neuropathological Studies Reveal Cellular Loss
in Cerebral Cortical and Limbic Regions

Structural, cellular, and functional changes have long been observed in the brains of
patients with BD. These changes are often classified based on region, allowing
researchers to postulate relationships between neuroanatomy and behavioral corre-
lates of BD. The neural basis of affective states includes the subcortical limbic
system as well as cortical regions like the anterior cingulate cortex (ACC) and
dorsolateral prefrontal cortex (dIPFC). The limbic system comprises primitive
structures (e.g., amygdala, hippocampus, thalamus) essential to one’s ability to
perceive, process, and create memories about emotions and experiences with
emotional valence (Janak and Tye 2015). The cerebral cortex is implicated in
emotion through its extensive connections to the limbic system and other brain
regions. In the cortex, complex sensory information is processed and, through its
connections, the cortex is believed to modulate one’s experience of emotion
(Salzman and Fusi 2010). In BD, neuroanatomical abnormalities are observed in
both limbic and cortical areas, and these changes are fundamental to understanding
the neurobiology of the illness.

The amygdala is widely understood to be the seat of our emotions and is
necessarily implicated in BD, with its prominent affective states. Using MRI to
estimate amygdala volume, Hartberg and colleagues (2015) recently reported a
decrease in left amygdala volume in patients with BD not treated with lithium.
These researchers note that lithium-treated patients displayed larger amygdalar
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volumes, suggesting a neuroprotective effect for lithium. This study corroborates
other evidence linking amygdala structure to BD (Foland-Ross et al. 2012; Inal-
Emiroglu et al. 2015; Kittel-Schneider et al. 2015). Previous reports investigating
volumes and neurons in amygdala of postmortem specimens highlight a decrease in
the size of neuronal cell bodies as well as decreased density of neurons in certain
nuclei of the amygdala.

The hippocampus is known for its role in memory, and the thalamus is known as
arelay station between cortical and subcortical regions; however, both regions play
a key role in regulating emotion and have been implicated in the neurobiology of
BD. Postmortem brain samples from patients with BD have smaller CA1 pyramidal
hippocampal neurons compared to a control population (Liu et al. 2007). Some
reports support a reduction in thalamic volume and support cells in BD patients
(Bielau et al. 2005; Byne et al. 2008). In contrast, there is compelling evidence for
decreased hippocampal volume in MDD coming from both imaging and postmor-
tem brain studies (Campbell and Macqueen 2004). This potentially highlights
different pathophysiological mechanisms in MDD vs. BD.

The ACC is thought to be a hub in the network between our cortical cognitive
capacity and our subcortical limbic emotional experiences, and the subgenual
region of the ACC (sgACC) is particularly implicated in emotion regulation
(Ghaznavi and Deckersbach 2012). In patients with bipolar depression, gray matter
volume, blood flow, and metabolism in the sgACC are decreased. Early investiga-
tion of postmortem ACC specimens from BD patients revealed a deficit in both the
number and density of glia cells, i.e., the nonneuronal cells that play a supportive
function in the central nervous system facilitating neuronal growth and differenti-
ation (Wake et al. 2013). Notably, the structural changes observed in the sgACC
were present in patients with a family history of BD at the outset of their illness
(Hirayasu et al. 1999). Further, recent imaging analyses highlight the functional
connectivity between brain regions and note that the children of patients with BD
are more likely to exhibit atypical connection patterns between cortical neurons
(including the sgACC) and subcortical areas (Singh et al. 2014). Taken together,
these findings suggest that pathophysiologic changes in patients with this disorder
are not entirely due to the damaging effect of repeated mood episodes but can be
present at the outset of the illness. Here again, lithium treatment is associated with a
reversal in the sgACC gray matter volume deficits observed in patients with BD
(Moore et al. 2009). In addition, response to ketamine—whose novel therapeutic
use shows efficacy in treatment-resistant depression—is linked to sgACC activity
in patients with bipolar depression (Nugent et al. 2014) (Fig. 6.1).

The dIPFC is implicated in attention and executive functioning—patients with
BD have long been known to have decreased performance on tasks that require
these cognitive capacities (Rubinsztein et al. 2006; Taylor and Abrams 1987). The
dIPFC has also been identified as a central locus in the cortical emotional
processing network that plays a role in cognitive reappraisals of emotionally salient
events (Morawetz et al. 2016). Thus, it is expected that the dIPFC is a region
fundamental to the pathophysiology of BD where maladaptive affect regulation and
extreme appraisals of affective states are key deficits (Palmier-Claus et al. 2015).
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Fig. 6.1 Areas where regional metabolic rate of glucose (r'MRGlu) following placebo infusion

was significantly correlated with percent improvement in Montgomery—Asberg Depression Rating
Scale (MADRS) score following ketamine administration. Crosshair is centered on the finding in
the subgenual anterior cingulate cortex (sgACC), but the cluster with the peak voxel is in the dorsal
cingulate. Image threshold at p < 0.05 uncorrected. The extent threshold was set such that only the
clusters remaining significant after correction for multiple comparisons (Pcorrecteqd < 0.01) are
shown (Nugent et al. 2014). Reprinted with permission from Nugent et al. (2014), Fig. 2

Indeed, patients with BD display deficient connections between the dIPFC and
subcortical limbic regions, suggesting a possible mechanism for emotion
dysregulation in BD (Radaelli et al. 2015).

Examination of the cellular architecture of the dIPFC found decreased density of
glial cells in certain cortical layers of brain specimens of BD patients. Studies also
observed a significant reduction in the number of pyramidal neurons with a trend
towards decreased neuron size. Subsequent studies inspecting postmortem samples
corroborated these results. MRI quantifying volume of gray matter showed
decreased dIPFC volumes in children and adolescents with BD (Adleman
et al. 2012), suggesting that these structural changes may underlie the pathogenesis
of BD.
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These above-noted structural abnormalities are widely accepted as fundamental
to the pathology of BD, though the mechanisms that underlie these changes remain
unclear. In the next section, we describe some of the potential models that lead to
cell loss including work from our own laboratory.

6.3 Proposed Mechanisms Underlying Cortical and Limbic
Cell Loss

The proposed mechanisms thought to underlie these structural brain changes fall
loosely into two categories: (1) processes that increase destruction of neuronal cells
or (2) processes with dysfunctional neuroprotective mechanisms. We begin by
examining the role of mitochondrial dysfunction and the destructive impact of
oxidative stress and then explore the role of inflammation before concluding with
a discussion of neurotrophic factors.

6.3.1 The Role of Mitochondrial Dysfunction

The past 20 years have seen a growing literature supporting the concept of dys-
functional mitochondrial energy metabolism in the pathogenesis of
BD. Mitochondria are ubiquitous organelles providing cellular energy in the form
of adenosine triphosphate (ATP). Energy is created via the process of oxidative
phosphorylation, i.e., the transfer of electrons via mitochondrial membrane proteins
(the mitochondrial electron transport chain (mETC)) and creation of a proton
gradient. The mETC is a series of protein complexes (I-V) situated in the inner
mitochondrial membrane. Protons are shuttled across these complexes and the
resulting electrochemical gradient allows for the transfer of electrons to an oxygen
molecule (i.e., reduction of oxygen) and the creation of ATP.

Reactive oxygen species (ROS) are formed as a byproduct of oxidative phos-
phorylation. These compounds have both physiological and pathological functions.
In our normal physiological state, we utilize endogenous antioxidants to counteract
the pathological or harmful effects of a buildup of ROS. Human brain tissue is
specifically susceptible to ROS damage because of its high oxygen content and
ROS overproduction; alternately, ROS that overwhelm the endogenous antioxi-
dants can create neuronal damage specifically targeting lipids (key in neuronal
membranes), proteins, and DNA (Moniczewski et al. 2015). The pathological
effects of ROS, or oxidative stress, are reflected via a number of peripheral and
central indicators and are associated with the pathophysiology of BD. ROS levels
are elevated in BD, and it has been suggested that this likely reflects deficient
energy metabolism resulting from mitochondrial dysfunction (Wang 2007). Many
lines of evidence highlight a role for mitochondrial dysfunction in BD; for instance,
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the mitochondria of patients with BD exhibit morphological changes and distribu-
tional abnormalities within cells (Cataldo et al. 2010).

Patients differentially express genes related to energy metabolism with
decreased expression of genes encoding for certain mitochondrial subunits, and
downregulation of mitochondrial genes has been observed (Kato 2007; Naydenov
et al. 2007; Sun et al. 2006; Washizuka et al. 2005). In depressed patients with BD,
there is evidence for an increase in the expression of genes encoding for the
mitochondrial ETC that is hypothesized to reflect an increase in turnover of
mitochondria in this population (Beech et al. 2010).

Increased lactate levels have been found in brain tissue and cerebrospinal fluid
from patients (Kato et al. 1992; Regenold et al. 2009). Earlier research by Kato and
colleagues identified decreased intracellular pH in patients with BD, while a
significant increase in pH was observed in patients during a depressive state
(Kato et al. 1992). Low pH is associated with an increase in lactate—the byproduct
of anaerobic glycolysis, which is the alternative energy-generating process arising
when the function of mitochondria is reduced. The process of oxidative phosphor-
ylation in mitochondria is meant to be the main source of cerebral energy, but in
conditions of mitochondrial dysfunction, there can be a shift to anaerobic glycolysis
and, subsequently, an accumulation of lactate. There is some evidence to suggest
that it is the increase in lactate—following a state of mitochondrial dysfunction—
that accounts for the reduced pH in patients with BD. It has been suggested that the
increase in intracellular pH observed during the depressive state might reflect the
brain’s attempt to correct pH imbalance (Kato et al. 1992; Stork and Renshaw
2005).

Phosphocreatine (PCr) is created from creatinine and ATP and functions as an
energy store for use during acute neuronal activity (MacDonald et al. 2006). Chron-
ically decreased levels of PCr are indicative of mitochondrial dysfunction as
evidenced by low brain PCr levels in other known mitochondrial disorders
(Barbiroli et al. 1993; Chaturvedi and Flint Beal 2013; Eleff et al. 1990). Reduc-
tions in PCr have long been noted in BD, with research identifying low focal levels
of PCr in the left frontal lobe of patients in the depressed state (Kato et al. 1994,
1995; Moore et al. 1997).

In all, there is impressive evidence supporting a role for mitochondrial dysfunc-
tion in the pathophysiology of BD. Oxidative stress is implicated as a proposed
mechanism generating the brain atrophy and decreased cell density expressed in the
population. Though data describing associations of oxidative stress and BD are
abundant, the direction of the association remains unknown—does BD create
oxidative stress or does oxidative stress create a milieu in which BD can develop?

6.3.2 Mitochondrial Dysfunction Leads to Oxidative Stress

Lipid peroxidation refers to the specific oxidative stress damage to lipids. This
damage is key in CNS pathology because of the high content of lipids in white
matter in the brain. Thiobarbituric acid reactive substances (TBARS) are
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byproducts of lipid peroxidation that can be quantified from serum samples.
Elevated serum levels of TBARS were quantified from a population of BD patients
in various affective states (i.e., mania, depression, and euthymia (Andreazza
et al. 2007a; Kunz et al. 2008)). Marked elevations were noted in manic patients,
though levels in depressed patients were also increased (Kunz et al. 2008).
Bannerjee and colleagues investigated the effects of lithium on TBARS and
found that BD patients had elevated serum TBARS and that lithium treatment
significantly reduced markers of lipid peroxidation (Banerjee et al. 2012).

4-Hydroxy-2-nonenal (4-HNE), another marker of lipid peroxidation, is signif-
icantly increased in the postmortem brain specimens of patients with BD (Wang
et al. 2009). Notably, the 4-HNE was sampled from cells of the ACC—a region
with noted structural deficits and highlighted as key in the pathogenesis of BD
(discussed above in Sect. 6.1.1). This postmortem sample included patients who
had received pharmacological treatment for BD; however, subsequent analysis
suggest that the differences identified were indicative of the pathological process
in BD rather than changes induced by chronic medication (Wang et al. 2009).
Malondialdehyde (MDA) is created when ROS degrade cellular lipid components,
and peripheral serum levels of MDA are increased in patients with BD compared to
nonpsychiatric controls (Can et al. 2011). Interestingly, post hoc analyses that
stratified patients by medication subtype found that those on a combination of
antidepressant and antipsychotic medication (a popular combination in bipolar
depression) exhibited decreased serum MDA values. In addition, the impact of
antipsychotics and antidepressants suggest that they modulate antioxidant capacity
to combat oxidative stress (Tang and Wang 2013). Recent evidence links lipid
peroxidation measured peripherally to changes in white matter tracts, which may
underscore the importance of this process to the pathophysiology of BD (Versace
et al. 2014). These findings also identify a potential biomarker to be measured in
blood and might specifically reflect changes in brain in this disorder (Fig. 6.2).

Similarly, proteins are vulnerable to oxidative stress damage that can be mea-
sured by protein carbonylation, and when ROS attack amino acid side chains of
proteins, 3-nitrotyrosine (3-NT) is formed. Increased levels of protein carbonyla-
tion (i.e., oxidative stress damage of proteins) have been detected in BD patients in
anumber of studies. Kapczinski and colleagues quantified serum levels of 3-NT and
found a positive correlation with BD patients in a depressive state (Kapczinski
et al. 2011).

8-Hydroxy-2-deoxyguanosine (8-OHdG) is measured to detect ROS-induced
DNA damage. Levels of 8-OHdG are elevated in patients with BD and correlate
positively to number of previous manic episodes (Soeiro-de-Souza et al. 2013).
Longitudinal observation of 8-OHdG levels across the affective states in BD found
elevations in 8-OHdG at baseline, six months, and 12 months, independent of
symptomatology (Munkholm et al. 2015). Other studies corroborate the finding of
increased oxidative damage to nucleic acids of DNA and RNA (D’Addario
et al. 2012; Dell’Osso et al. 2014; Huzayyin et al. 2014).
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Fig. 6.2 (continued) orange; the arcuate bundle of the superior longitudinal fasciculus in aqua-
marine; the I1I bundle of the superior longitudinal fasciculus in gray; and the uncinate fasciculus in
blue. All fibers were thresholded at 20 % of their maximum. The background image depicts the
fractional anisotropy (FA) image in color-code convention in one of our participants: voxels with a
red color define left-to-right oriented fibers; voxels with a blue color define inferior-to-superior
oriented fibers; and voxels with a green color define anterior-to-posterior oriented fibers. The
isosurface superimposed on the sagittal view of the colored FA image shows the characteristic
anterior—posterior alignment of the cingulum (green voxels) and the origin of the forceps minor
and major (red voxels in the genu and splenium of the corpus callosum). Panel (b). Error bar graphs
depict the between-group differences in central measures (fop; FA in the left corner and radial
diffusivity (RD) in the right corner) across all WM tracts and in peripheral measures (bottom; lipid
hydroperoxides (LPH) in the left corner and 4-HNE in the right corner) in 24 currently euthymic
patients with bipolar disorder (BD) and 19 gender-matched healthy controls (CONT). Panel (c).
Scatter plot graphs represent the linear relationship between mean FA (left) and mean RD (right)
and LPH across all study participants in the forceps minor. Reprinted with permission from
Versace et al. (2014), Fig. 1

There is strong evidence to support the notion of increased oxidative damage in
BD. Many findings are generally applicable to the illness while others show
selective changes for the depressed state.

6.3.3 Decreased Antioxidant Capacity F acilitates Oxidative
Stress Damage

Oxidative stress damage can be magnified by deficient antioxidant capacity. Some of
our endogenous antioxidants include superoxide dismutase (SOD), catalase, and
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glutathione (Soczynska et al. 2008), and abnormalities in antioxidant activity have
been reported in patients with BD. Though it is reasonable to expect deficient
antioxidant activity if oxidative stress damage were to underlie the pathogenesis
of bipolar depression, some research demonstrates an increase in antioxidant activ-
ity. Andreazza and colleagues identified increases in SOD activity in BD patients
during affective states (both depressed and manic) though not during euthymia
(Andreazza et al. 2007a). Similar results have been replicated (Kuloglu
et al. 2002; Kunz et al. 2008). The authors conceptualize this increase in SOD
activity as an overall deficient state of antioxidant capacity responding to the
increased oxidative stress during an affective (e.g., depressive) episode. Other
studies have reported lower levels of SOD in bipolar depression. Selek and col-
leagues found that SOD levels were significantly lower in patients with bipolar
depression compared to controls, and though these levels improved over the course
of pharmacological treatment, they did not reach the baseline levels in the control
group (Selek et al. 2008). As the brain has limited levels of SOD and catalase,
glutathione plays a primary role as an antioxidant, and literature supports abnormal-
ities of this antioxidant in BD patients (Bengesser et al. 2015; Gawryluk et al. 2011).

It follows, then, that bolstering antioxidant capacity provides a potential treat-
ment option for bipolar depression. N-acetylcysteine (NAC) is a compound that
creates the precursor to glutathione, and administration of NAC can be used to
increase physiological stores of this antioxidant. In one study, patients with bipolar
depression had their maintenance medication augmented with NAC for eight weeks
(Berk et al. 2008) and displayed a significant reduction in depressive symptoms.
These patients were then followed in a randomized, placebo-controlled trial divided
into two groups: one receiving NAC daily for six months and the other placebo. The
NAC group had a prolonged reduction in depressive symptoms (Berk et al. 2011).
Another small study of BD patients supports these data; higher remission rates for
affective symptoms were observed in the NAC-treated patients vs. their control
group (Magalhaes et al. 2011).

6.3.4 Opveractive Inflammatory Pathways Are Implicated
in BD

We now turn our focus to the role of inflammation in BD. This theory is salient in
bipolar depression specifically because the link between markers of inflammation
and clinical states of depression has long been known. There has been extensive
research investigating the role of inflammation and cytokines in MDD (see
Zunszain et al. (2011) for a review), with more recent interest in BD. It is not yet
clear if inflammation has a causative role in the pathogenesis of BD or if manic and
depressive episodes chronically activate the immune system, which then gets
identified by alterations in central and peripheral inflammatory markers. Regard-
less, the role of inflammation is receiving considerable attention in the field, as it is
linked with affective episodes, oxidative stress, and the medical comorbidities
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common in patients with BD. Given the growing research indicating the importance
of the inflammatory process, we take the opportunity to explore the literature here.

C-reactive protein (CRP) is an acute phase reactant protein created in the liver
and released into the bloodstream after acute injury, infection, or other systemic
inflammation (Dargel et al. 2015). Clinically, serum CRP is measured to detect an
acute inflammatory response or to monitor the condition of someone with a chronic
inflammatory illness. Overall, the literature robustly supports elevations of CRP in
BD. Most data highlight a positive correlation between serum CRP and manic
episodes, and there are reports of a similar association in the depressive phase of the
illness (Cunha et al. 2008; Dargel et al. 2015; De Berardis et al. 2008; Dickerson
et al. 2007, 2013; Goldstein et al. 2011).

Cytokines are another class of proteins that are implicated in inflammatory
states. Every cell has the capacity to generate this heterogeneous group of proteins
though specific immune-related cells can enhance their production (e.g., lympho-
cytes) (Miiller and Schwarz 2007). Cytokines can have varied effects depending on
their physiological targets, and these potent molecules tend to be classified as
proinflammatory (i.e., inducing inflammatory responses) or anti-inflammatory.
Alterations in circulating cytokines have been recorded in both manic and
depressed patients with BD with literature supporting a positive association
between proinflammatory cytokines and mood episodes (Goldstein et al. 2011;
Modabbernia et al. 2013; Rao et al. 2010; Su et al. 2011). A comprehensive
meta-analysis of research quantifying peripheral levels of proinflammatory markers
found evidence for elevated levels of cytokines, including tumor necrosis factor
alpha (TNF-a) and interleukin-4 (IL-4) (Munkholm et al. 2013). The studies
appraised included manic, depressed, and euthymic patients. Other data support
differences between these markers based on affective valence, where CRP and
soluble IL-2 receptor (sIL-2R) are consistently elevated in manic episodes, and IL-6
and TNF-a tend to be higher in depressive states (Cunha et al. 2008; De Berardis
et al. 2008; Ortiz-Dominguez et al. 2007).

Pharmacological treatments have varied effects on these inflammatory markers.
Lithium treatment has been implicated as anti-inflammatory, given that a compar-
ison between treated and untreated patients revealed lower levels of cytokines in the
lithium group (Boufidou et al. 2004). Interestingly, in vitro models using cells from
a normal control sample revealed a proinflammatory effect of lithium treatment
(Knijff et al. 2007; Petersein et al. 2015) though other preclinical models identified
a reduction in cytokines with valproic acid (Himmerich et al. 2014).

The role of inflammation in BD is strengthened by acknowledgement of the high
prevalence of certain medical conditions in this population. BD is highly comorbid
with cardiovascular disease and type 2 diabetes mellitus, at rates exceeding those
found in MDD (Angst et al. 2002; Birkenaes et al. 2007). This morbidity, and
subsequent increased mortality, is not immediately related to the factors common in
severe and persistent mental illness (e.g., suicide, exposure to medications, low
income, physical inactivity, obesity, etc.). Inflammation is implicated in the path-
ogenesis of both cardiovascular disease and insulin resistance and, increasingly,
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research is linking these altered inflammatory networks to those that might underlie
BD (Goldstein and Young 2013).

In terms of mechanism, recent research links the overactivation of inflammatory
pathways to oxidative stress. Studies suggest that the overproduction of ROS by the
dysfunctional mitochondrial membrane protein, complex I, can stimulate inflam-
matory networks and increase levels of proinflammatory cytokines. The nod-like
receptor pyrin domain containing 3 (NLRP3) inflammasome is hypothesized as one
mechanism for this activation. The NLRP3 inflammasome is a protein complex that
can gauge oxidative species. In the presence of ROS, NLRP3 activates downstream
inflammatory processes via the enzyme, caspase-1 (LOopez-Armada et al. 2013).
When ROS production is blocked, there is no activation of the NLRP3
inflammasome (Zhou et al. 2011). New research from our lab identified increases
in NLRP3 components specific to mitochondrial samples from patients with BD but
not in other brain or cytoplasmic samples (Kim, HK et al., in preparation). These
findings implicate both oxidative stress and increased activation of the
inflammasome in the pathophysiology of BD.

6.3.5 Oxidative Stress and Inflammation Can Accelerate
Apoptosis

Growing literature highlights the process of apoptosis as central to the morphologic
changes in the brains of patients with BD and oxidative stress. Its subsequent
activation of inflammation has a significant impact on this critical cellular pathway.
Apoptosis is the programmed process of cell death involving an ordered process
with many steps, including cell shrinkage, dissociation of nuclear components,
labeling the cell for destruction, and removal by phagocytosis. Dysregulated apo-
ptotic pathways have been postulated as the mechanism leading to the cell loss and
brain atrophy seen in the brains of patients with BD (Gigante et al. 2011). Reduc-
tions in nuclear size and DNA fragmentation have been observed at higher rates in
patient samples than control populations (Buttner et al. 2007; Munkholm
et al. 2015; Uranova et al. 2001). Further, the amount of DNA damage observed
was positively correlated with depressive symptoms (Andreazza et al. 2007b).

A number of proteins regulate apoptosis. B-cell lymphoma 2 (Bcl-2) denotes one
family of these proteins, and Bcl-2 proteins are considered antiapoptotic—thus
protective of neuronal cells. Brain-derived neurotrophic factor (BDNF), a
neurotrophin, is also considered an antiapoptotic factor. Proapoptotic compounds
include caspase-3, caspase-9, Bcl-2-associated death promotor (BAD), and Bcl-2-
associated X protein (BAX). Analysis of prefrontal cortical samples from brains of
patients with BD revealed abnormal apoptotic pathways (Kim et al. 2010); specif-
ically, the authors identified a decrease in protective, antiapoptotic factors (i.e.,
Bcl-2 and BDNF) and an increase in the expression of proapoptotic factors (i.e.,
BAX, BAD, caspase-3, and 9).
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The link between BD and medical comorbidities was introduced in the section
above. Here, we highlight the association because of the role of apoptosis in cellular
aging. Telomere length is one indication of cellular aging as telomeres are regions
on genetic material that shorten with each cell division in the life cycle; abnormal
apoptotic pathways, as well as oxidative stress, are known to induce pathological
shortening of telomeres (Lindqvist et al. 2015). BD patients have notably shortened
telomeres (Lima et al. 2015), and one study provides evidence for a negative
correlation between telomere length and number of depressive episodes in BD-II
patients (Elvsashagen et al. 2011). The concept of apoptosis-induced cellular aging
synthesizes the morphological changes, mitochondrial dysfunction, inflammatory
associations, and clinical comorbidities seen in BD. Future research will have to
investigate and integrate knowledge about the impact of affective states within this
model.

6.3.6 Growth Factors Are Implicated in Both Oxidative
Stress and Inflammatory Models of BD

Dysfunctional neurotrophic factors are another potential mechanism by which
cellular atrophy may occur. In general, neurotrophic factors are proteins responsible
for the growth and maintenance of neurons and their support cells. They act by
binding to tyrosine kinase receptors and initiating a cascade of events that inhibits
apoptotic pathways. This suggests an alternative or potentially synergistic mecha-
nism underlying the cell loss and brain atrophy observed in the brains of patients
with BD. The neurotrophins of the nerve growth family are heterogenous and
include BDNF, neurotrophin-3 (NT-3), and NT-4/5. Glial cell line-derived
neurotrophic factor (GDNF) and vascular endothelial growth factor (VEGF) are
other growth factors connected to the progression of mood disorders. To date, the
bulk of the research has focused on BDNF in BD, though evidence does implicate a
role for other growth factors.

BDNF is the most widely studied neurotrophin, and is implicated in the neuro-
biology of BD via a number of proposed mechanisms. BDNF is a key protein in
regulating the survival of neurons in both the central and peripheral nervous system.
As a growth factor, BDNF plays a role in promoting the development and differ-
entiation of neurons and synapses. It is also negatively correlated with measures of
oxidative stress (Kapczinski et al. 2008). The concept of neuronal growth and
survival is fundamental and underlies the idea that low levels of BDNF create an
inability to protect the survival or promote the growth of neurons in the brain areas
implicated in BD (Hashimoto 2010). Patients with the BDNF polymorphism gene
(resulting in deficient BDNF activity) had the smallest hippocampal volumes
compared to patients homozygous for the gene and nonpsychiatric controls
(Chepenik et al. 2009). Other data demonstrate decreased volume of the ACC in
patients carrying the polymorphism gene vs. homozygotes (Matsuo et al. 2009). It
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has also been suggested that dysfunctional BDNF activity prevents neuroplasticity
and malformation of specific cortical and subcortical regions, given that the BDNF
polymorphism gene is associated with childhood, adolescent, and early onset BD
(Inal-Emiroglu et al. 2015). Decreased peripheral BDNF levels have been observed
during both episodes of depression and mania (de Oliveira et al. 2009; Fernandes
et al. 2009, 2011; Machado-Vieira et al. 2007). Finally, there exist data to support
the notion that BDNF levels improve with pharmacotherapy (Dwivedi and Zhang
2015; Yasuda et al. 2009). Of interest, ECT—one of the few known effective
options for treatment resistant depression in BD—increases BDNF in multiple
brain areas and, further, chronic convulsive stimuli can generate regrowth of
neurons.

Levels of NT-3 and NT-4/5 are increased in manic and depressive episodes
(Loch et al. 2015; Rybakowski et al. 2013; Walz et al. 2007). Loch and colleagues
specifically investigated depressed patients with BD who were medication free at
the time of study entry. Their baseline levels of NT-3 and NT-4/5 were elevated
compared to healthy controls, and these levels did not change significantly after
six weeks of lithium treatment (Loch et al. 2015).

GDNF has been investigated in BD with mixed results. Some studies reported a
decrease of this neurotrophin in BD patients during manic and depressive phases
(Takebayashi et al. 2006; Zhang et al. 2010), while others reported an increase or no
difference compared to euthymic patients or healthy controls (Otsuki et al. 2008;
Rosa et al. 2006; Rybakowski et al. 2013; Tunca et al. 2015).

VEGF is not a neurotrophic factor, but a growth factor involved in the develop-
ment and proliferation of blood vessels. It is believed that VEGF is implicated in
CNS diseases through its impact on cerebral vasculature (Scola and Andreazza
2015). In BD, there is evidence to support increased peripheral levels of VEGF (Lee
and Kim 2012; Shibata et al. 2013) and a role for VEGF in response to treatments
specific to bipolar depression. The association of VEGF and BD can be linked to
our earlier discussion of inflammation and cardiovascular comorbidity.
Vasculogenesis and endothelial dysfunction are implicated in the pathophysiology
of cardiovascular disease (with a role for both VEGF and BDNF), and the hope is
that future research will elucidate how these changes in growth factors are involved
in the pathogenesis of both these physical and mental illnesses (Goldstein and
Young 2013).

6.4 Neurobiology of BD: The Past, Present, and Future

Over 20 years ago, Post proposed the “kindling” hypothesis of BD (Post 1992). He
acknowledged that psychosocial stressors are important as triggers for mood epi-
sodes in early BD and theorized that subsequent neuropathological and genetic
changes could sensitize the brain, resulting in autonomously triggered mood epi-
sodes later in the illness. This work integrated biopsychosocial evidence available
at the time and presented a comprehensive theory for the neurobiology of BD.
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Table 1. Clinical staging in bipolar disorder.
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Latent At risk for developing BD, Polymorphisms that No impairment 4 Exposure to Good prognosis
positive family history, confer susceptibility pathogens when protected
mood or anxiety 1o BD from pathogens
symptoms without criteria
for threshold BD
I Well-defined periods of T TNF-a No impairment Mood stabilzer Good prognosis with
euthymia without overt T 3-nytrotyrosine monotherapy; careful prophylaxis
psychiatric symptoms psychoeducation
Il Symptoms in interepisodic T TNF-a Transient impairment  Combined treatment  Prognosis depends on
periods related to 1 BDNF (pharmacotherapy + how well comorbidities
comorbidities T 3-nytrotyrosine psychotherapy; focus  can be managed. Worse
on the treatment of than stage |
comorbidities)
m Marked impairment in Morphometric changes  Severe cognitive Complex regimens Reserved prognosis;
cognition and functioning in brain may be present  impairment associated usually required; rescue therapy required
TTNF-a with functioning consider innovative
1 BDNF impairment (unable to strategies
T 3-nytrotyrosine work or very impaired
performance)
L Unable to live Ventricular enlargement  Cognitive impairment  Palliative; Poor prognosis

autonomously owing to

and/or white matter

prevents patients

daycare center

cognitive and functional  hyperintensities from living
impairment T TNF-a independently
1 BDNF

T Glutathione reductase
and transferase
T 3-nytrotyrosine

BD: Bipolar disorder, BDNF: Brain-derived neurotrophic factor

Fig. 6.3 Reprinted with permission from Kapczinski et al. (2009), Table 1

In the intervening years, however, advances in research techniques both in
psychiatry and other fields have given rise to the staging model of BD (Kapczinski
et al. 2014). In a similar fashion, this model aims to integrate the many dimensions
of BD and outlines a series of progressive stages from a latent phase to the
significantly symptomatic Stage IV, where patients have substantial functional,
clinical, and cognitive impairments (Fig. 6.3). The model is presented as a means
to target and predict response to treatment. Indeed, one common criticism in the
field of psychiatry is that our diagnostic structure relies largely on patients’
accounts of their subjective experience and collateral interpretations of behavior
change, as well as our own clinical observations. This diagnostic process can lead to
misdiagnosis and inefficient or inappropriate treatment. Undertreating bipolar
depression has a significant impact on both patients and their support networks as
sustained depressive symptoms can be incredibly debilitating.

Peripheral biomarkers are fundamental to the staging model, as the hope is that
they can be used to identify the neuroprogression at different stages of BD. The
concept of biomarkers is at the forefront of research now with a global acknowl-
edgement of a need for biologically valid markers that can aid in early identifica-
tion, diagnosis, and treatment of those with mental illness. The neurobiological
pathways described in this chapter highlight some of the most promising areas for
future development. Markers of oxidative stress, lipid peroxidation, protein car-
bonylation, inflammation, apoptosis, and neurotrophin status are all potential areas
for investigation.
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6.5 Summary

Knowledge about the neurobiology of bipolar depression is gleaned largely from
what is known about the pathophysiology of BD in general. Cell loss and brain
atrophy in cortical and limbic areas are consistent findings and specific to
BD. Though the mechanisms underlying these morphological changes are not
fully understood, promising hypotheses include oxidative stress induced by mito-
chondrial dysfunction and dysregulated inflammatory processes. These potential
mechanisms are thought to lead to an increase in apoptosis. Neurotrophins are also
implicated in the pathophysiology of BD with links to both oxidative stress and
inflammation. The future of this field will depend on research with a specific focus
on the depressive phase of BD as well as the study of biomarkers to aid clinicians in
the diagnosis and targeted treatment of bipolar depression.

References

Adleman NE, Fromm SJ, Razdan V, Kayser R, Dickstein DP, Brotman MA, Pine DS, Leibenluft E
(2012) Cross-sectional and longitudinal abnormalities in brain structure in children with severe
mood dysregulation or bipolar disorder. J Child Psychol Psychiatry 53(11):1149-1156

Andreazza AC, Cassini C, Rosa AR, Leite MC, de Almeida LMV, Nardin P, Cunha ABN, Cereser
KM, Santin A, Gottfried C, Salvador M, Kapczinski F, Goncalves CA (2007a) Serum S100B
and antioxidant enzymes in bipolar patients. J Psychiatr Res 41(6):523-529

Andreazza AC, Noronha Frey B, Erdtmann B, Salvador M, Rombaldi F, Santin A, Goncalves CA,
Kapczinski F (2007b) DNA damage in bipolar disorder. Psychiatry Res 153(1):27-32

Angst F, Stassen HH, Clayton PJ, Angst J (2002) Mortality of patients with mood disorders:
follow-up over 34-38 years. J Affect Dis 68(2-3):167-181

Banerjee U, Dasgupta A, Rout JK, Singh OP (2012) Effects of lithium therapy on Na+-K+-
ATPase activity and lipid peroxidation in bipolar disorder. Prog Neuropsychopharmacol Biol
Psychiatry 37(1):56-61

Barbiroli B, Montagna P, Martinelli P, Lodi R, Iotti S, Cortelli P, Funicello R, Zaniol P (1993)
Defective brain energy metabolism shown by in vivo 31P MR spectroscopy in 28 patients with
mitochondrial cytopathies. J Cereb Blood Flow Metab 13(3):469—474

Beech RD, Lowthert L, Leffert JJ, Mason PN, Taylor MM, Umlauf S, Lin A, Lee JY, Maloney K,
Muralidharan A, Lorberg B, Zhao H, Newton SS, Mane S, Epperson CN, Sinha R,
Blumberg H, Bhagwagar Z (2010) Increased peripheral blood expression of electron transport
chain genes in bipolar depression. Bipolar Disord 12(8):813-824

Bengesser SA, Lackner N, Birner A, Fellendorf FT (2015) Peripheral markers of oxidative stress
and antioxidative defense in euthymia of bipolar disorder—Gender and obesity effects. J
Affect Disord 172:367-374

Berk M, Copolov DL, Dean O, Lu K, Jeavons S, Schapkaitz I, Anderson-Hunt M, Bush AI (2008)
N-acetyl cysteine for depressive symptoms in bipolar disorder—a double-blind randomized
placebo-controlled trial. Biol Psychiatry 64(6):468-475

Berk M, Dean O, Cotton SM, Gama CS, Kapczinski F, Fernandes BS, Kohlmann K, Jeavons S,
Hewitt K, Allwang C, Cobb H, Bush Al, Schapkaitz I, Dodd S, Malhi GS (2011) The efficacy
of N-acetylcysteine as an adjunctive treatment in bipolar depression: an open label trial. J
Affect Disord 135(1-3):389-394



6 Understanding the Neurobiology of Bipolar Depression 109

Bielau H, Triibner K, Krell D, Agelink MW, Bernstein HG, Stauch R, Mawrin C, Danos P,
Gerhard L, Bogerts B, Baumann B (2005) Volume deficits of subcortical nuclei in mood
disorders. Eur Arch Psychiatry Clin Neurosci 255(6):401-412

Birkenaes AB, Opjordsmoen S, Brunborg C, Engh JA, Jonsdottir H, Ringen PA, Simonsen C,
Vaskinn A, Birkeland K1, Friis S, Sundet K, Andreassen OA (2007) The level of cardiovascular
risk factors in bipolar disorder equals that of schizophrenia: a comparative study. J Clin
Psychiatry 68(6):917-923

Boufidou F, Nikolaou C, Alevizos B, Liappas IA, Christodoulou GN (2004) Cytokine production
in bipolar affective disorder patients under lithium treatment. J Affect Disord 82(2):309-313

Buttner N, Bhattacharyya S, Walsh J, Benes FM (2007) DNA fragmentation is increased in
non-GABAergic neurons in bipolar disorder but not in schizophrenia. Schizophr Res 93
(1-3):33-41

Byne W, Tatusov A, Yiannoulos G, Vong GS, Marcus S (2008) Effects of mental illness and aging
in two thalamic nuclei. Schizophr Res 106(2-3):172-181

Campbell S, Macqueen G (2004) The role of the hippocampus in the pathophysiology of major
depression. J Psychiatry Neurosci 29(6):417-426

Can M, Giiven B, Atik L, Konuk N (2011) Lipid peroxidation and serum antioxidant enzymes
activity in patients with bipolar and major depressive disorders. J Mood Disord 1(1):14

Cataldo AM, McPhie DL, Lange NT, Punzell S, Elmiligy S, Ye NZ, Froimowitz MP, Hassinger
LC, Menesale EB, Sargent LW, Logan DJ, Carpenter AE, Cohen BM (2010) Abnormalities in
mitochondrial structure in cells from patients with bipolar disorder. Am J Pathol 177
(2):575-585

Chaturvedi RK, Flint Beal M (2013) Mitochondrial diseases of the brain. Free Radic Biol Med
63:1-29

Chepenik LG, Fredericks C, Papademetris X, Spencer L, Lacadie C, Wang F, Pittman B, Duncan
JS, Staib LH, Duman RS, Gelernter J, Blumberg HP (2009) Effects of the brain-derived
neurotrophic growth factor val66met variation on hippocampus morphology in bipolar disor-
der. Neuropsychopharmacology 34(4):944-951

Cunha AB, Andreazza AC, Gomes FA, Frey BN, Silveira LE, Gong¢alves CA, Kapczinski F (2008)
Investigation of serum high-sensitive C-reactive protein levels across all mood states in bipolar
disorder. Eur Arch Psychiatry Clin Neurosci 258(5):300-304

D’Addario C, Dell’Osso B, Palazzo MC, Benatti B, Lietti L, Cattaneco E, Galimberti D,
Fenoglio C, Cortini F, Scarpini E, Arosio B, Di Francesco A, Di Benedetto M, Romualdi P,
Candeletti S, Mari D, Bergamaschini L, Bresolin N, Maccarrone M, Altamura AC (2012)
Selective DNA methylation of BDNF promoter in bipolar disorder: differences among patients
with BDI and BDII. Neuropsychopharmacology 37(7):1647—-1655

Dargel AA, Godin O, Kapczinski F, Kupfer DJ, Leboyer M (2015) C-reactive protein alterations in
bipolar disorder: a meta-analysis. J Clin Psychiatry 76(2):142-150

De Berardis D, Conti CM, Campanella D, Carano A, Scali M, Valchera A, Serroni N, Pizzorno
AM, D’Albenzio A, Fulcheri M, Gambi F, La Rovere R, Cotellessa C, Salerno RM, Ferro FM
(2008) Evaluation of C-reactive protein and total serum cholesterol in adult patients with
bipolar disorder. Int J Immunopathol Pharmacol 21(2):319-324

de Oliveira GS, Ceresér KM, Fernandes BS, Kauer-Sant’ Anna M, Fries GR, Stertz L, Aguiar B,
Pfaffenseller B, Kapczinski F (2009) Decreased brain-derived neurotrophic factor in medicated
and drug-free bipolar patients. J Psychiatr Res 43(14):1171-1174

Dell’Osso B, D’Addario C, Carlotta Palazzo M, Benatti B, Camuri G, Galimberti D, Fenoglio C,
Scarpini E, Di Francesco A, Maccarrone M, Altamura AC (2014) Epigenetic modulation of
BDNF gene: differences in DNA methylation between unipolar and bipolar patients. J Affect
Disord 166:330-333

Dickerson F, Stallings C, Origoni A, Boronow J, Yolken R (2007) Elevated serum levels of
C-reactive protein are associated with mania symptoms in outpatients with bipolar disorder.
Prog Neuropsychopharmacol Biol Psychiatry 31(4):952-955



110 A.F. Chintoh and L.T. Young

Dickerson F, Stallings C, Origoni A, Vaughan C, Khushalani S, Yolken R (2013) Elevated
C-reactive protein and cognitive deficits in individuals with bipolar disorder. J Affect Disord
150(2):456-459

Dwivedi T, Zhang H (2015) Lithium-induced neuroprotection is associated with epigenetic
modification of specific BDNF gene promoter and altered expression of apoptotic-regulatory
proteins. Front Neurosci 8:457

Eleff SM, Barker PB, Blackband SJ, Chatham JC, Lutz NW, Johns DR, Bryan RN, Hurko O
(1990) Phosphorus magnetic resonance spectroscopy of patients with mitochondrial
cytopathies demonstrates decreased levels of brain phosphocreatine. Ann Neurol 27
(6):626-630

Elvsashagen T, Vera E, Bgen E, Bratlie J, Andreassen OA, Josefsen D, Malt UF, Blasco MA, Boye
B (2011) The load of short telomeres is increased and associated with lifetime number of
depressive episodes in bipolar II disorder. J Affect Disord 135(1-3):43-50

Fernandes BS, Gama CS, Kauer-Sant’Anna M, Lobato MI, Belmonte-de-Abreu P, Kapczinski F
(2009) Serum brain-derived neurotrophic factor in bipolar and unipolar depression: a potential
adjunctive tool for differential diagnosis. J Psychiatr Res 43(15):1200-1204

Fernandes BS, Gama CS, Maria Ceresér K, Yatham LN, Fries GR, Colpo G, de Lucena D,
Kunz M, Gomes FA, Kapczinski F (2011) Brain-derived neurotrophic factor as a state-marker
of mood episodes in bipolar disorders: a systematic review and meta-regression analysis. J
Psychiatr Res 45(8):995-1004

Foland-Ross LC, Brooks JO, Mintz J, Bartzokis G, Townsend J, Thompson PM, Altshuler LL
(2012) Mood-state effects on amygdala volume in bipolar disorder. J Affect Disord 139
(3):298-301

Gawryluk JW, Wang J-F, Andreazza AC, Shao L, Young LT (2011) Decreased levels of gluta-
thione, the major brain antioxidant, in post-mortem prefrontal cortex from patients with
psychiatric disorders. Int J Neuropsychopharmacol 14(1):123-130

Ghaznavi S, Deckersbach T (2012) Rumination in bipolar disorder: evidence for an unquiet mind.
Biol Mood Anxiety Disord 2(1):2

Gigante AD, Young LT, Yatham LN, Andreazza AC, Nery FG, Grinberg LT, Heinsen H, Lafer B
(2011) Morphometric post-mortem studies in bipolar disorder: possible association with
oxidative stress and apoptosis. Int J Neuropsychopharmacol 14(8):1075-1089

Goldstein B, Young LT (2013) Toward clinically applicable biomarkers in bipolar disorder: focus
on BDNF, inflammatory markers, and endothelial function. Curr Psychiatry Rep 15(12):1-7

Goldstein BI, Collinger KA, Lotrich F, Marsland AL, Gill M-K, Axelson DA, Birmaher B (2011)
Preliminary findings regarding proinflammatory markers and brain-derived neurotrophic factor
among adolescents with bipolar spectrum disorders. J Child Adolesc Psychopharmacol 21
(5):479-484

Hartberg CB, Jgrgensen KN, Haukvik UK, Westlye LT, Melle I, Andreassen OA, Agartz I (2015)
Lithium treatment and hippocampal subfields and amygdala volumes in bipolar disorder.
Bipolar Disord 17(5):496-506

Hashimoto K (2010) Brain-derived neurotrophic factor as a biomarker for mood disorders: an
historical overview and future direction. Psychiatry Clin Neurosci 64(4):341-357

Himmerich H, Bartsch S, Hamer H, Mergl R, Schonherr J, Petersein C, Munzer A, Kirkby KC,
Bauer K, Sack U (2014) Modulation of cytokine production by drugs with antiepileptic or
mood stabilizer properties in anti-CD3- and anti-Cd40-stimulated blood in vitro. Oxid Med
Cell Longev 2014:806162

Hirayasu Y, Shenton ME, Salisbury DF, Kwon JS et al (1999) Subgenual cingulate cortex volume
in first-episode psychosis. Am J Psychiatry 156(7):1091-1093

Huzayyin AA, Andreazza AC, Turecki G, Cruceanu C, Rouleau GA, Alda M, Young LT (2014)
Decreased global methylation in patients with bipolar disorder who respond to lithium. Int J
Neuropsychopharmacol 17(4):561-569



6 Understanding the Neurobiology of Bipolar Depression 111

Inal-Emiroglu FN, Karabay N, Resmi H, Guleryuz H (2015) Correlations between amygdala
volumes and serum levels of BDNF and NGF as a neurobiological marker in adolescents
with bipolar disorder. J Affect Disord 182:50-56

Janak PH, Tye KM (2015) From circuits to behaviour in the amygdala. Nature 517(7534):284-292

Kapczinski F, Frey BN, Andreazza AC, Kauer-Sant’Anna M, Cunha AB, Post RM (2008)
Increased oxidative stress as a mechanism for decreased BDNF levels in acute manic episodes.
Rev Bras Psiquiatr 30(3):243-245

Kapczinski F, Dias VV, Kauer-Sant’Anna M, Frey BN, Grassi-Oliveira R, Colom F, Berk M
(2009) Clinical implications of a staging model for bipolar disorders. Expert Rev Neurother 9
(7):957-966

Kapczinski F, Dal-Pizzol F, Teixeira AL, Magalhaes PVS, Kauer-Sant’ Anna M, Klamt F, Moreira
JCF, Augusto de Bittencourt Pasquali M, Fries GR, Quevedo J, Gama CS, Post R (2011)
Peripheral biomarkers and illness activity in bipolar disorder. J Psychiatr Res 45(2):156-161

Kapczinski F, Magalhaes PVS, Balanza-Martinez V, Dias VV, Frangou S, Gama CS, Gonzalez-
Pinto A, Grande I, Ha K, Kauer-Sant’Anna M, Kunz M, Kupka R, Leboyer M, Lopez-
Jaramillo C, Post RM, Rybakowski JK, Scott J, Strejilevitch S, Tohen M, Vazquez G,
Yatham L, Vieta E, Berk M (2014) Staging systems in bipolar disorder: an International
Society for Bipolar Disorders Task Force Report. Acta Psychiatr Scand 130(5):354-363

Kato T (2007) Mitochondrial dysfunction as the molecular basis of bipolar disorder: therapeutic
implications. CNS Drugs 21(1):1-11

Kato T, Takahashi S, Shioiri T, Inubushi T (1992) Brain phosphorous metabolism in depressive
disorders detected by phosphorus-31 magnetic resonance spectroscopy. J Affect Disord 26
(4):223-230

Kato T, Takahashi S, Shioiri T, Murashita J, Hamakawa H, Inubushi T (1994) Reduction of brain
phosphocreatine in bipolar II disorder detected by phosphorus-31 magnetic resonance spec-
troscopy. J Affect Disord 31(2):125-133

Kato T, Shioiri T, Murashita J, Hamakawa H, Takahashi Y, Inubushi T, Takahashi S (1995)
Lateralized abnormality of high energy phosphate metabolism in the frontal lobes of patients
with bipolar disorder detected by phase-encoded 31P-MRS. Psychol Med 25(03):557-566

Kim H-W, Rapoport SI, Rao JS (2010) Altered expression of apoptotic factors and synaptic
markers in postmortem brain from bipolar disorder patients. Neurobiol Dis 37(3):596-603

Kittel-Schneider S, Wobrock T, Scherk H, Schneider-Axmann T, Trost S, Zilles D, Wolf C,
Schmitt A, Malchow B, Hasan A, Backens M, Reith W, Falkai P, Gruber O, Reif A (2015)
Influence of DGKH variants on amygdala volume in patients with bipolar affective disorder
and schizophrenia. Eur Arch Psychiatry Clin Neurosci 265(2):127-136

Knijff EM, Nadine Breunis M, Kupka RW, de Wit HJ, Ruwhof C, Akkerhuis GW, Nolen WA,
Drexhage HA (2007) An imbalance in the production of IL-18 and IL-6 by monocytes of
bipolar patients: restoration by lithium treatment. Bipolar Disord 9(7):743-753

Kuloglu M, Ustundag B, Atmaca M, Canatan H, Tezcan AE, Cinkilinc N (2002) Lipid peroxida-
tion and antioxidant enzyme levels in patients with schizophrenia and bipolar disorder. Cell
Biochem Funct 20(2):171-175

Kunz M, Gama CS, Andreazza AC, Salvador M, Ceresér KM, Gomes FA, Belmonte-de-Abreu PS,
Berk M, Kapczinski F (2008) Elevated serum superoxide dismutase and thiobarbituric acid
reactive substances in different phases of bipolar disorder and in schizophrenia. Prog
Neuropsychopharmacol Biol Psychiatry 32(7):1677-1681

Lee B-H, Kim Y-K (2012) Increased plasma VEGF levels in major depressive or manic episodes
in patients with mood disorders. J Affect Disord 136(1-2):181-184

Lima IMM, Barros A, Rosa DV, Albuquerque M (2015) Analysis of telomere attrition in bipolar
disorder. J Affect Disord 172:43-47

Lindgvist D, Epel ES, Mellon SH, Penninx BW, Révész D, Verhoeven JE, Reus VI, Lin J,
Mahan L, Hough CM, Rosser R, Saverio Bersani F, Blackburn EH, Wolkowitz OM (2015)
Psychiatric disorders and leukocyte telomere length: underlying mechanisms linking mental
illness with cellular aging. Neurosci Biobehav Rev 55:333-364



112 A.F. Chintoh and L.T. Young

Liu L, Schulz SC, Lee S, Reutiman TJ, Fatemi SH (2007) Hippocampal CA1 pyramidal cell size is
reduced in bipolar disorder. Cell Mol Neurobiol 27(3):351-358

Loch AA, Zanetti MV, de Sousa RT, Chaim TM, Serpa MH, Gattaz WF, Teixeira AL, Machado-
Vieira R (2015) Elevated neurotrophin-3 and neurotrophin 4/5 levels in unmedicated bipolar
depression and the effects of lithium. Prog Neuropsychopharmacol Biol Psychiatry
56:243-246

Lopez-Armada MJ, Riveiro-Naveira RR, Vaamonde-Garcia C, Valcarcel-Ares MN (2013) Mito-
chondrial dysfunction and the inflammatory response. Mitochondrion 13:106—-118

MacDonald ML, Naydenov A, Chu M, Matzilevich D, Konradi C (2006) Decrease in creatine
kinase messenger RNA expression in the hippocampus and dorsolateral prefrontal cortex in
bipolar disorder. Bipolar Disord 8(3):255-264

Machado-Vieira R, Dietrich MO, Leke R, Cereser VH, Zanatto V, Kapczinski F, Souza DO,
Portela LV, Gentil V (2007) Decreased plasma brain derived neurotrophic factor levels in
unmedicated bipolar patients during manic episode. Biol Psychiatry 61(2):142-144

Magalhaes PV, Dean OM, Bush Al, Copolov DL, Malhi GS, Kohlmann K, Jeavons S,
Schapkaitz I, Anderson-Hunt M, Berk M (2011) N-acetyl cysteine add-on treatment for bipolar
II disorder: a subgroup analysis of a randomized placebo-controlled trial. J Affect Disord 129
(1-3):317-320

Matsuo K, Walss-bass C, Nery FG, Nicoletti MA, Hatch JP, Frey BN, Monkul ES, Zunta-soares
GB, Bowden CL, Escamilla MA, Soares JC (2009) Neuronal correlates of brain-derived
neurotrophic factor Val66Met polymorphism and morphometric abnormalities in bipolar
disorder. Neuropsychopharmacology 34(8):1904-1913

Modabbernia A, Taslimi S, Brietzke E, Ashrafi M (2013) Cytokine alterations in bipolar disorder:
a meta-analysis of 30 studies. Biol Psychiatry 74(1):15-25

Moniczewski A, Gawlik M, Smaga I, Niedzielska E, Krzek J, Przegalinski E, Pera J, Filip M
(2015) Oxidative stress as an etiological factor and a potential treatment target of psychiatric
disorders. Part 1. Chemical aspects and biological sources of oxidative stress in the brain.
Pharmacol Rep 67(3):560-568

Moore CM, Christensen JD, Lafer B, Fava M et al (1997) Lower levels of nucleoside triphosphate
in the basal ganglia of depressed subjects: a phosphorous-31 magnetic resonance spectroscopy
study. Am J Psychiatry 154(1):116-118

Moore GJ, Cortese BM, Glitz DA, Zajac-Benitez C, Quiroz JA, Uhde TW, Drevets WC, Manji HK
(2009) A longitudinal study of the effects of lithium treatment on prefrontal and subgenual
prefrontal gray matter volume in treatment-responsive bipolar disorder patients. J Clin Psy-
chiatry 70(5):699-705

Morawetz C, Bode S, Baudewig J, Kirilina E, Heekeren HR (2016) Changes in effective connec-
tivity between dorsal and ventral prefrontal regions moderate emotion regulation. Cereb Cortex
26(5):1923-1937

Miiller N, Schwarz MJ (2007) The immune-mediated alteration of serotonin and glutamate:
towards an integrated view of depression. Mol Psychiatry 12(11):988—1000

Munkholm K, Bratiner JV, Kessing LV, Vinberg M (2013) Cytokines in bipolar disorder
vs. healthy control subjects: a systematic review and meta-analysis. J Psychiatr Res 47
(9):1119-1133

Munkholm K, Poulsen HE, Kessing LV, Vinberg M (2015) Elevated levels of urinary markers of
oxidatively generated DNA and RNA damage in bipolar disorder. Bipolar Disord 17
(3):257-268

Naydenov AV, MacDonald ML, Ongur D, Konradi C (2007) Differences in lymphocyte electron
transport gene expression levels between subjects with bipolar disorder and normal controls in
response to glucose deprivation stress. Arch Gen Psychiatry 64(5):555-564

Nugent AC, Diazgranados N, Carlson PJ, Ibrahim L, Luckenbaugh DA, Brutsche N,
Herscovitch P, Drevets WC, Zarate CA (2014) Neural correlates of rapid antidepressant
response to ketamine in bipolar disorder. Bipolar Disord 16(2):119-128



6 Understanding the Neurobiology of Bipolar Depression 113

Ortiz-Dominguez A, Hernandez ME, Berlanga C, Gutiérrez-Mora D, Moreno J, Heinze G, Pavon
L (2007) Immune variations in bipolar disorder: phasic differences. Bipolar Disord 9
(6):596-602

Otsuki K, Uchida S, Watanuki T, Wakabayashi Y, Fujimoto M, Matsubara T, Funato H, Watanabe
Y (2008) Altered expression of neurotrophic factors in patients with major depression. J
Psychiatr Res 42(14):1145-1153

Palmier-Claus JE, Dodd A, Tai S, Emsley R, Mansell W (2015) Appraisals to affect: testing the
integrative cognitive model of bipolar disorder. Br J Clin Psychol 2015

Petersein C, Sack U, Mergl R, Schonherr J, Schmidt F, Lichtblau N, Kirkby K, Bauer K,
Himmerich H (2015) Impact of lithium alone and in combination with antidepressants on
cytokine production in vitro. J Neural Transm 122(1):109-122

Post RM (1992) Transduction of psychosocial stress into the neurobiology of recurrent affective
disorder. Am J Psychiatry 149(8):999-1010

Radaelli D, Sferrazza Papa G, Vai B, Poletti S, Smeraldi E, Colombo C, Benedetti F (2015)
Fronto-limbic disconnection in bipolar disorder. Eur Psychiatry 30(1):82-88

Rao JS, Harry GJ, Rapoport SI, Kim HW (2010) Increased excitotoxicity and neuroinflammatory
markers in postmortem frontal cortex from bipolar disorder patients. Mol Psychiatry 15
(4):384-392

Regenold WT, Phatak P, Marano CM, Sassan A, Conley RR, Kling MA (2009) Elevated
cerebrospinal fluid lactate concentrations in patients with bipolar disorder and schizophrenia:
implications for the mitochondrial dysfunction hypothesis. Biol Psychiatry 65(6):489-494

Rosa AR, Frey BN, Andreazza AC, Cereser KM, Cunha ABM, Quevedo J, Santin A, Gottfried C,
Goncalves CA, Vieta E, Kapczinski F (2006) Increased serum glial cell line-derived
neurotrophic factor immunocontent during manic and depressive episodes in individuals
with bipolar disorder. Neurosci Lett 407(2):146—-150

Rubinsztein JS, Michael A, Underwood BR, Tempest M, Sahakian BJ (2006) Impaired cognition
and decision-making in bipolar depression but no ‘affective bias’ evident. Psychol Med 36
(5):629-639

Rybakowski JK, Permoda-Osip A, Skibinska M, Adamski R, Bartkowska-Sniatkowska A (2013)
Single ketamine infusion in bipolar depression resistant to antidepressants: are neurotrophins
involved? Hum Psychopharmacol 28(1):87-90

Salzman CD, Fusi S (2010) Emotion, cognition, and mental state representation in amygdala and
prefrontal cortex. Ann Rev Neurosci 33:173-202

Scola G, Andreazza AC (2015) The role of neurotrophins in bipolar disorder. Prog
Neuropsychopharmacol Biol Psychiatry 56:122-128

Selek S, Savas HA, Gergerlioglu HS, Bulbul F, Uz E, Yumru M (2008) The course of nitric oxide
and superoxide dismutase during treatment of bipolar depressive episode. J Affect Disord 107
(1-3):89-94

Shibata T, Yamagata H, Uchida S, Otsuki K, Hobara T, Higuchi F, Abe N, Watanabe Y (2013) The
alteration of hypoxia inducible factor-1 (HIF-1) and its target genes in mood disorder patients.
Prog Neuropsychopharmacol Biol Psychiatry 43:222-229

Singh MK, Chang KD, Kelley RG, Saggar M, Reiss AL, Gotlib IH (2014) Early signs of
anomalous neural functional connectivity in healthy offspring of parents with bipolar disorder.
Bipolar Disord 16(7):678-689

Soczynska JK, Kennedy SH, Chow CSM, Woldeyohannes HO, Konarski JZ, McIntyre RS (2008)
Acetyl-L-carnitine and a-lipoic acid: possible neurotherapeutic agents for mood disorders?
Expert Opin Investig Drugs 17(6):827-843

Soeiro-de-Souza MG, Andreazza AC, Carvalho AF, Machado-Vieira R, Young LT, Moreno RA
(2013) Number of manic episodes is associated with elevated DNA oxidation in bipolar I
disorder. Int J Neuropsychopharmacol 16(7):1505-1512

Stork C, Renshaw PF (2005) Mitochondrial dysfunction in bipolar disorder: evidence from
magnetic resonance spectroscopy research. Mol Psychiatry 10(10):900-919



114 A.F. Chintoh and L.T. Young

Su SC, Sun MT, Wen MJ, Lin CJ, Chen YC, Hung YJ (2011) Brain-derived neurotrophic factor,
adiponectin, and proinflammatory markers in various subtypes of depression in young men. Int
J Psychiatry Med 42(3):211-226

Sun X, Jun-Feng W, Tseng M, Young LT (2006) Downregulation in components of the mito-
chondrial electron transport chain in the postmortem frontal cortex of subjects with bipolar
disorder. J Psychiatr Neurosci 31(3):189-196

Takebayashi M, Hisaoka K, Nishida A, Tsuchioka M, Miyoshi I, Kozuru T, Hikasa S, Okamoto Y,
Shinno H, Morinobu S, Yamawaki S (2006) Decreased levels of whole blood glial cell line-
derived neurotrophic factor (GDNF) in remitted patients with mood disorders. Int J
Neuropsychopharmacol 9(5):607-612

Tang V, Wang J-F (2013) Oxidative stress in bipolar disorder. Biochem Anal Biochem 2(2):1-8

Taylor MA, Abrams R (1987) Cognitive impairment patterns in schizophrenia and affective
disorder. J Neurol Neurosurg Psychiatry 50(7):895-899

Tunca Z, Kivircik Akdede B, Ozerdem A, Alkin T, Polat S, Ceylan D, Bayin M, Cengizcetin
Kocuk N, Simsek S, Resmi H, Akan P (2015) Diverse glial cell line-derived neurotrophic
factor (GDNF) support between mania and schizophrenia: a comparative study in four major
psychiatric disorders. Eur Psychiatry 30(2):198-204

Uranova N, Orlovskaya D, Vikhreva O, Zimina I, Kolomeets N, Vostrikov V, Rachmanova V
(2001) Electron microscopy of oligodendroglia in severe mental illness. Brain Res Bull 55
(5):597-610

Versace A, Andreazza AC, Young LT, Fournier JC, Almeida JR, Stiffler RS, Lockovich JC, Aslam
HA, Pollock MH, Park H, Nimgaonkar VL, Kupfer DJ, Phillips ML (2014) Elevated serum
measures of lipid peroxidation and abnormal prefrontal white matter in euthymic bipolar
adults: toward peripheral biomarkers of bipolar disorder. Mol Psychiatry 19(2):200-208

Wake H, Moorhouse AJ, Miyamoto A, Nabekura J (2013) Microglia: actively surveying and
shaping neuronal circuit structure and function. Trends Neurosci 36(4):209-217

Walz JC, Andreazza AC, Frey BN, Cacilhas AA, Cereser KMM, Cunha ABM, Weyne F, Stertz L,
Santin A, Goncalves CA, Kapczinski F (2007) Serum neurotrophin-3 is increased during manic
and depressive episodes in bipolar disorder. Neurosci Lett 415(1):87-89

Wang JF (2007) Defects of mitochondrial electron transport chain in bipolar disorder: implications
for mood-stabilizing treatment. Can J Psychiatry 52(12):753-762

Wang JF, Young LT (2009) Understanding the neurobiology of bipolar depression. In: Zarate CA,
Manji HK (eds) Bipolar depression: molecular neurobiology, clinical diagnosis and pharma-
cotherapy. Milestones in drug therapy. Birkhduser Verlag, Basel, pp 77-94

Wang JF, Shao L, Sun X, Young LT (2009) Increased oxidative stress in the anterior cingulate
cortex of subjects with bipolar disorder and schizophrenia. Bipolar Disord 11(5):523-529

Washizuka S, Kakiuchi C, Mori K, Tajima O, Akiyama T, Kato T (2005) Expression of
mitochondria-related genes in lymphoblastoid cells from patients with bipolar disorder. Bipo-
lar Disord 7(2):146-152

Yasuda S, Liang MH, Marinova Z, Yahyavi A, Chuang DM (2009) The mood stabilizers lithium
and valproate selectively activate the promoter IV of brain-derived neurotrophic factor in
neurons. Mol Psychiatry 14(1):51-59

Zhang X, Zhang Z, Sha W, Xie C, Xi G, Zhou H, Zhang Y (2010) Effect of treatment on serum
glial cell line-derived neurotrophic factor in bipolar patients. J Affect Disord 126
(1-2):326-329

Zhou R, Yazdi AS, Menu P, Tschopp J (2011) A role for mitochondria in NLRP3 inflammasome
activation. Nature 469(7329):221-225

Zunszain PA, Anacker C, Cattaneo A, Carvalho LA, Pariante CM (2011) Glucocorticoids,
cytokines and brain abnormalities in depression. Prog Neuropsychopharmacol Biol Psychiatry
35(3):722-729



Chapter 7

Chronotherapeutics in Bipolar and Major
Depressive Disorders: Implications for Novel
Therapeutics

Wallace C. Duncan Jr.

Abstract Chronotherapeutic interventions (CTs) produce rapid antidepressant
effects and, when applied sequentially, maintain an enduring antidepressant
response following the initial CT intervention or in association with traditional
drug therapies. Rapid antidepressant effects associated with CTs (sleep deprivation
(SD), partial sleep deprivation (PSD), sleep phase advance (SPA)) and with the
novel therapeutic ketamine are present in both major depressive disorder (MDD)
and bipolar disorder (BD). The effects of the N-methyl-p-aspartate (NMDA)
antagonist ketamine and CTs on sleep slow waves (SWS), brain-derived
neurotrophic factor (BDNF), cortical excitability, and neuronal plasticity are pre-
sent in MDD. Whether slow wave effects are also present in drug-free BD or
healthy controls requires further investigation. The existing literature suggests
that there are important differences in MDD versus BD patients in the regulation
of SWS that may underlie diagnostic differences in slow wave response to keta-
mine. These differences further suggest that mood stabilizers may affect the
expression of slow waves and moderation of mood cycles in BD.

Keywords Bipolar disorder ¢ Sleep deprivation « Chronotherapeutics « Ketamine ¢
BDNF

7.1 Introduction

Chronotherapeutic (CT) interventions rapidly activate antidepressant mechanisms
that potentially converge with pathways implicated in novel treatments for major
depressive (MDD) and bipolar (BD) disorders. Identifying biological mechanisms
common to both CT and other novel, rapid-acting treatments is critical for devel-
oping more effective antidepressant treatments. Desired benefits of both treatment
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approaches are rapid and enduring relief of depressive symptoms. Since different
circadian clock (Partonen 2012) and sleep profiles (de Maertelaer et al. 1987,
Duncan et al. 1979; Fossion et al. 1998; Giles et al. 1986) characterize MDD and
BD patient groups, one might predict that rapid antidepressant responses to CTs and
other novel treatments, and associated biological markers, might similarly distin-
guish the two groups. Consistent with clinical differences between MDD and BD,
the N-methyl-p-aspartate (NMDA) antagonist ketamine has different sleep slow
wave (SWS) effects in MDD and BD, although rapidly acting antidepressant effects
are present in both patient groups. The possible biological and pharmacological
basis of this observation is explored in this chapter.

The fact that CTs alter sleep levels and circadian timing, as well as rapidly
elevate mood, suggests links between rapid-acting antidepressant treatments, the
sleep homeostat, and the circadian clock. Gene linkage studies indicate that asso-
ciations between clock genes, gene products, and MDD/BD are complex. Numer-
ous clinical and preclinical studies indicate associations between circadian genes
and these disorders (Etain et al. 2014; Novakova et al. 2015; McClung et al. 2005;
McClung 2011; Hampp et al. 2008). A recent survey of controlled mood disorder
genome-wide association studies (GWAS) (Partonen 2012) identified four clock
genes associated with MDD (RORA, CRY1) or BD (RORB, NRIDI) and two with
seasonal affective disorder (NPAS2, CRY2). A survey of clock gene networks
common to bipolar spectrum illnesses and lithium-responsive genes found enriched
association of core clock and clock-controlled genes (McCarthy et al. 2012). In
addition, an examination of reward circuitry showed that the NMDA antagonist
ketamine—which has been shown to have rapid and robust antidepressant effects in
both MDD and BD—activated clock-related genes in the nucleus accumbens (Zhao
et al. 2014). Identifying clock and sleep-related pathways related to CT benefits
may provide important clues that spur the development of novel treatments. Nota-
bly, lithium’s effects on the molecular signaling pathways of the circadian system
appear to be associated with its mood stabilizing properties, inspiring efforts to
identify novel interventions. The continuing discovery of key genetic and molec-
ular elements of the circadian clock and their interaction with the sleep homeostat
will clarify mechanisms of established nonpharmacological and drug-based thera-
pies as well as the development of new treatment regimens.

This chapter will highlight the role of sleep homeostatic and circadian factors
that form the basis of CT interventions to treat MDD and BD. The key CT
interventions—including sleep deprivation (SD), partial sleep deprivation (PSD),
sleep phase advance (SPA), bright-light therapy (BLT), and dark therapy (DT)
are briefly summarized. Importantly, the extension of rapid antidepressant effects
with repeated (sequenced) chronotherapy is discussed as it applies to prolonging the
initial clinical benefits of CTs, traditional antidepressants, or novel agents. This
chapter will then summarize the results of studies using the novel therapeutic agent
ketamine to examine the interaction between neuroplasticity-associated SWS pro-
duction and mood in MDD. These MDD studies are compared with results from BD
patients receiving mood stabilizers and discussed in the context of EEG sleep




7 Chronotherapeutics in Bipolar and Major Depressive Disorders: Implications. . . 117

findings in unmedicated BD patients. Finally, the role of sleep homeostasis and
clock gene effects on ketamine’s rapid antidepressant properties is discussed.

7.2 Homeostatic and Circadian Contributions to Rapid
Antidepressant Interventions

The S-deficiency hypothesis of depression (Borbely and Wirz-Justice 1982;
Borbely 1987) proposes that sleep disturbances and depressive symptoms are
both related to disrupted mechanisms of sleep homeostasis. The key components
of the two process model (Borbely 1982) of human sleep—wake regulation are
Process S, a homeostatic hourglass-like mechanism that tracks the duration of prior
sleep and wakefulness, and Process C, a self-sustaining circadian timekeeper that
provides internal synchrony to multiple secondary oscillators that comprise the
circadian system, as well as synchronizing the internal milieu with the external
environment. This two process system regulates the timing, duration, and structure
of human sleep. In healthy persons, extended prior wakefulness is associated with a
homeostatic regulated increase in SWS/slow wave activity (SWA) during recovery
sleep, an important consequence of SD therapy associated with mood response.

In mood disorders, both homeostatic and circadian processes are dysregulated,
with major impact on sleep—wake cycles, circadian rhythms of body temperature,
hormones, behavior, and mood. As discussed later, patients with typical depression
exhibit disturbed sleep characterized by decreased sleep and sleep continuity, low
levels of SWS or SWA, short REM latency, and increased and early morning
waking. Many of these disturbances are consistent with abnormal function of the
sleep homeostat (SWS deficiency), as well as the central clock (temperature and
hormone rhythms).

Normalization of deficient levels of S (indirectly measured in EEG sleep studies
by SWS or SWA in depressed persons) by extended wakefulness is thought to be
linked with next-day rapid antidepressant effects (Borbely and Wirz-Justice 1982).
The S-deficiency hypothesis has served as a theoretical framework for manipulating
sleep and circadian timing and consequent effects on mood. Relapse after recovery
sleep has also been attributed to reset the sleep homeostat, thus reestablishing a
depressogenic state. Shortened or phase-shifted sleep interventions, such as PSD or
SPA, have been evaluated for their capacity to alter homeostatic mechanisms, as
described above, as well as their ability to affect interactions between sleep
(Process S) and the circadian system (Process C). The framework of this hypothesis
has recently provided structure for investigating potential molecular mechanisms of
SD and its rapid antidepressant effects, as well as synaptic homeostasis (Tononi and
Cirelli 2006).
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7.3 Chronotherapeutics Affect Rapid and Durable Mood
Response

As summarized below, CTs have rapid antidepressant effects when applied as a
single intervention. When applied sequentially or in combination with conventional
antidepressants or subsequent CT interventions, they can extend mood benefits.

7.3.1 Basic CTs

Rapid relief of depressive symptoms is a common feature of CT interventions. Few
side effects are associated with CTs with the exception of fatigue and the urge to
sleep during extended wakefulness. CT response latencies range from hours (SD,
PSD) to several days (SPA, BLT). In addition, DT, related “extended-night”
interventions (Wehr et al. 1998; Wirz-Justice et al. 1999; Barbini et al. 2005), or
blue-wavelength blocking glasses (van der Lely et al. 2015; Phelps 2008) have all
been found to control symptoms of mania, hypomania, and rapid cycling in BD
(Wehr et al. 1998; Wirz-Justice et al. 1999; Barbini et al. 2005; van der Lely
et al. 2015; Phelps 2008). DT has also been used to treat the symptoms of
schizoaffective disorder (Gomez-Bernal 2009).

Numerous experimental interventions have explored the antidepressant mecha-
nism(s) of EEG sleep stage-specific or phase-dependent CT interventions (e.g.,
selective SWS or REM SD, early versus late PSD, SPA); a detailed discussion of
these interventions is beyond the scope of this chapter. Some of these experimental
interventions, in addition to clarifying underlying mechanisms, have become useful
clinical tools (e.g., PSD, SPA). Also, additional clinician-mediated interventions
with chronobiological components have been used to treat depression in MDD and
BD; these include Cognitive Behavioral Therapy-Insomnia (CBT-I) (Kaplan and
Harvey 2013; Soehner et al. 2013; Morin et al. 2007; Spielman et al. 1987) and
Interpersonal Social Rhythm Therapy (IPSRT) (Frank et al. 2000).

7.3.2 Sequential Chronotherapies (Nonpharmacological)

Sequential CT interventions have been used to extend treatment benefits (Benedetti
et al. 2001; Berger et al. 1997). Importantly, combined CTs (e.g., total SD followed
by SPA and BLT interventions (Sahlem et al. 2014)) rapidly improve mood and
reduce suicidality, thus providing rapid relief to this vulnerable patient population.

Sequentially applied CTs capture and extend the initial rapid antidepressant
effects of SD, thereby activating or extending the mechanisms that provide rapid
and enduring relief. These sequential interventions may activate response pathways
that are unique to the durable response, target different symptom clusters (thus
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amplifying clinical benefits), or may maintain activation of the initial target path-
way. Identifying the biological substrates of the durable response is critical to
extending the benefits of CTs and novel therapeutics.

The fact that relapses are prevented by repeated SPA (Benedetti et al. 2001;
Berger et al. 1997) indicates that sleep is not sufficient for relapse, but is, never-
theless, a major mediator. The specific factors are not clear but may be sleep stage
or circadian phase dependent. At the molecular level, the glycogen synthase kinase
(GSK) promotor variant (rs334558*C) interacts with the long/short form of the
serotonin transporter (5-HTTLPR) SHT allele to extend a post-SD antidepressant
response after recovery sleep (Benedetti et al. 2012), suggesting a molecular target
for therapies designed to prolong response. As discussed later, both flumazenil-
associated sleep—wake homeostatic effect (Hemmeter et al. 2007) and ketamine-
induced brain derived neurotrophic factor (BDNF) release (Haile et al. 2014) are
also associated with prolonged response.

7.3.3 Chronotherapeutic Augmentation of Conventional
Antidepressant Treatments

CTs augment the effects of antidepressant medications. When a conventional
antidepressant and a mood stabilizer (sertraline and lithium) were combined with
three CT interventions (SD+BL +SPA), BD patients showed fewer depressive
symptoms within 48 hours, with effects persisting for seven weeks
(Wu et al. 2009). In a study of 39 mixed BD patients (13 were treatment-resistant
and 23 were medicated (14 were receiving lithium and nine were receiving an
SSRI)), three SD interventions augmented with morning BLT were associated with
a 50% reduction in Hamilton Depression Rating Scale (HAM-D) scores in
26 patients (Benedetti et al. 2007). In a third study, the use of a mood stabilizer
(lithium) combined with SD and BLT alleviated suicidal ideation and mood
symptoms (Benedetti et al. 2014). The interactions between CTs with electrocon-
vulsive therapy (ECT) and repetitive transcranial magnetic stimulation (rTMS)
have also been explored. One study found that rTMS prolonged the effects of SD
(Eichhammer et al. 2002), but a second study found that active rTMS was not
superior to sham rTMS in stabilizing the antidepressant effects of SD (Kreuzer
et al. 2012).
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7.4 Ketamine as a Prototype for Investigating
the Chronobiological Mechanisms of Novel
Therapeutics

The patterns of disrupted sleep and circadian rhythms in depression, the effects of
the mood stabilizer lithium on the circadian clock, and the rapid effects of SD on
both sleep homeostasis and mood combine to form a network for exploring the
mechanistic links between CTs and the development of novel rapid antidepressant
treatments. The exploration of lithium’s effects on circadian function, extensively
reviewed elsewhere (Gould and Manji 2002; Lenox et al. 2002), illustrates the
potential benefits. Lithium’s inhibition of GSK3f (Gould and Manji 2005) and
subsequent delay of the circadian clock via reduced period (PER) phosphorylation
and delayed nuclear entry of PER and cryptochrome (CRY) proteins following
lithium treatment are associated with delayed timing of the central clock. The
stability of interacting clock gene feedback loops may then contribute to lithium’s
mood stabilizing properties. The enriched presence of lithium-responsive clock
genes within downstream and clock-controlled gene pathways (McCarthy
et al. 2012) is consistent with lithium’s functional role in stabilizing feedback
loops. To further understand the homeostatic process and how it relates to the
development of novel therapeutics, recent investigations have focused on molecular
and SWS associations with the rapid antidepressant effects of the NMDA antago-
nist ketamine.

7.4.1 Ketamine and the Molecular Elements
of Neuroplasticity and Sleep

The rapid antidepressant properties of ketamine are mediated via NMDA receptor
blockade and by altered glutamatergic signaling downstream of the NMDA block-
ade, thus resulting in increased synaptic strength and plasticity (Duman and
Aghajanian 2012). The sequence of events that leads from ketamine-induced
NMDA receptor blockade to rapid improvement in mood, cognition, and behavior
includes: (a) blockade of NMDA receptor-induced firing of gamma aminobutyric
acid (GABA )ergic interneurons, (b) disinhibition of glutamatergic pyramidal cells
(Moghaddam et al. 1997), (c) increased glutamate release and activation of
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors, and
(d) activity-dependent release of BDNF (Li et al. 2010; Maeng and Zarate 2007).
Changes in glutamatergic transmission activate the mammalian target of rapamycin
(mTOR) signaling pathway and affect downstream changes in dendritic spines and
local synaptic protein synthesis, including BDNF (Duman and Aghajanian 2012).
BDNEF secretion, activation of the tropomyosin-receptor-kinase B (TrkB) receptor,
and downstream trafficking lead to further dendritic structural complexity, spine
and BDNF synthesis, and synaptic plasticity. Polymorphisms such as BDNF
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Val66Met (Chen et al. 2004; Egan et al. 2003) alter the functional effects of BDNF
trafficking. Ultimately, changes in critical local neuronal circuits converge via
enhanced synaptic plasticity and neuronal synchronization, especially in areas
involved in mood and behavior, to produce rapid antidepressant effects (Maeng
and Zarate 2007; Zarate et al. 2006). Many steps in this signaling cascade reverse
the effects of ketamine in various rodent models of depression. For instance,
synaptic spine production associated with ketamine use is blocked by rapamycin,
which prevents activation of the mTOR pathway (Li et al. 2010; Maeng and Zarate
2007), and biological and behavioral markers of chronic unpredictable stress
(decreased spine density, depressive-like behavior) are known to be reversed with
ketamine (Li et al. 2011). Anisomycin-induced inhibition of rapid (30 minutes)
BDNF synthesis after ketamine treatment prevented the long-term behavioral
effects of ketamine measured with the forced swim test (Autry et al. 2011). It is
also possible that blockade of spontaneous (rather than evoked) glutamatergic
activation of the NMDA receptor blockade—which is critical to ketamine’s mech-
anism of action (Autry et al. 2011)—inactivates eukaryotic elongation factor
2 (eEF2) kinase, and consequently blunts eFF2 phosphorylation and
de-suppresses BDNF (Kavalali and Monteggia 2012), but additional studies are
required to clarify these pathways.

Sleep EEG and evoked potentials are interpreted as markers of altered synaptic
plasticity in humans (Huber et al. 2004, 2006), consistent with synaptic homeostasis
(Tononi and Cirelli 2006). High-density EEG studies have shown that interventions
such as rotation learning and high-frequency TMS associated with synaptic poten-
tiation in local cortical circuits lead to local increases in SWA during subsequent
sleep (Huber et al. 2004). Interventions such as arm immobilization, which is
associated with synaptic depression, lead to a local reduction in SWA (Huber
et al. 2006). Computer simulations indicate that sleep SWA directly reflects syn-
aptic strength due to changes in neural synchronization and recruitment (Esser
et al. 2007; Vyazovskiy et al. 2007). Several studies that directly examined the
effect of BDNF on EEG SWS also noted a close relationship between SWA and
BDNF (Faraguna et al. 2008; Huber et al. 2007). These studies found that SWA was
increased by intrahemispheric infusion of BDNF and by behavioral interventions
that increase central levels of BDNF (Huber et al. 2007), as well as the plasticity-
related genes Arc, Homer, and NGFI-A (Huber et al. 2007), but was diminished by
BDNF antagonism (Faraguna et al. 2008). Acoustic suppression of SWA activity
and its capacity to diminish perceptual learning (Aeschbach et al. 2008) suggest that
decreased SWS levels may contribute to cognitive and memory deficits in some
depressed patients. Finally, reduced production of SWS is present in human carriers
of the BDNF Met allele of the Val66Met polymorphism (Bachmann et al. 2012),
thus establishing another link between BDNF, SWA, and mood.
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7.5 Clinical Effects of Ketamine on Sleep Slow Waves
and Mood

Based on the above-described associations between SWS, cognition, and memory,
and ketamine’s capacity to increase slow waves (Campbell and Feinberg 1996;
Feinberg and Campbell 1993), it would not be unexpected that ketamine’s sleep
effects could provide a link between mood and cognition. Below, I review
ketamine’s effects on mood and sleep in MDD and BD.

7.5.1 Major Depressive Disorder

Rapid antidepressant response to ketamine is related to decreased waking, as well
as increased total sleep, SWS, SWA, and REM sleep (Fig. 7.1, left panels) (Duncan
et al. 2013b). Interestingly, clinical response to ketamine was predicted by a low
baseline delta sleep ratio, a measure of deficient early night production of SWS
(Duncan et al. 2013a). Normalizing the deficient early night production of SWS by
increasing early production of SWS (Fig. 7.1, top left panel) appears to be associ-
ated with ketamine’s rapid antidepressant effects.

The effects of other novel therapeutics also extend to SWS effects. Similar to
ketamine’s effects, the effects of rTMS on plasticity (Cohen et al. 2010) are also
associated with both sleep—wake and/or circadian-dependent processes. Applying
rTMS to the left dorsolateral prefrontal cortex (DLPFC) increases SWA at F3,
possibly reflecting locally enhanced synaptic plasticity, similar to the early night
effects of ketamine on SWS. Increased production of SWA was more evident
during the first half of the sleep period, similar to ketamine’s effects (see Fig. 7.1,
top left panel), suggesting homeostatic regulation of SWA (Saeki et al. 2013).

Interestingly, studies using ketamine show links between neuroplasticity, SWS,
and mood on the one hand and the neurotrophin BDNF on the other hand.
Responders to ketamine infusion showed a correlation between ketamine-induced
SWS production and BDNF levels (Duncan et al. 2013b), a finding consistent with
preclinical studies of BDNF on SWS production (Huber et al. 2007). Increased
BDNF levels are also associated with fast-acting antidepressant interventions
(Duncan et al. 2013b; Giese et al. 2014; Haile et al. 2014; Gorgulu and Caliyurt
2009).

The relationship between BDNF, mood, and sleep has a genetic basis. A BDNF
polymorphism is associated with mood response to ketamine (Laje et al. 2012), as
well as with SWS production (Bachmann et al. 2012). Markers of BDNF activity
also predict subsequent response to ketamine. BDNF levels at 240 minutes post-
ketamine infusion predicted Montgomery—Asberg Depression Rating Scale
(MADRS) scores up to 72 hours post-ketamine infusion (Haile et al. 2014). Further,
a diurnal rhythm for BDNF is present in SD responders but not in nonresponders
(Giese et al. 2014).
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Fig. 7.1 Slow wave activity (SWA, rop) during non-REM cycles 1-3 (NR1, 2, 3) and selected
sleep measures (bottom) from patients with major depressive disorder (MDD) (left panels, n =30)
and bipolar disorder (BD) (right panels, n = 15) were compared during baseline (BL, gray bars)
and the first night (D1) after ketamine infusion (Kp;, black bars) (* denotes p < .05 versus the
baseline mean). All patients were treatment resistant with severe depression at the time of
ketamine treatment. BD patients were receiving maintenance mood stabilizers (Lithium, n=11;
valproate, n=4). The lower left panel shows that in MDD patients, ketamine significantly
improved sleep quality (increased Total Sleep (TS), sleep slow waves (SWS), REM%, and
decreased Waking% (W%) on D1 (left)). The lower right panel shows that with the exception of
SWS, which slightly decreased after ketamine, BD patients also showed improved sleep quality as
measured by TS, W, and REM%. In MDD (top left panel), ketamine increased early SWA during
NRI1, thus enhancing the nighttime decline in SWA across successive non-REM cycles. Similar
effects were not apparent in BD (fop right panel) due to diagnostic differences in homeostatic
regulation or to the effects of mood stabilizers on sleep homeostasis and SWS

7.5.2 Bipolar Disorder

In contrast to MDD, increased production of SWS by ketamine was not observed in
a cohort of BD patients maintained on mood stabilizers (Fig. 7.1, top right panel).
Although rapid antidepressant effects were observed (Duncan and Zarate 2013),
SWA levels in BD declined post-ketamine specifically during non-REM cycles
1 and 3 (Fig. 7.1, top right panel). There are several possible explanations for this
finding. First, although some studies suggest that baseline SWS levels are similar
between depressed BD and MDD patients (Table 7.1), SWS expression may be
differently altered by state-dependent waking history (Linkowski et al. 1986), REM
sleep pressure (Kupfer and Ehlers 1989), or genetic factors. Second, mood stabi-
lizers such as lithium affect SWS and may, therefore, alter ketamine-induced slow
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wave production, a possibility discussed in greater detail in the next section. This
suggests that the capacity of mood stabilizers to affect homeostatic production of
SWS is linked to their clinical benefits as mood stabilizers.

If a blunting of the ketamine-induced SWS is associated with mood stabilizer
treatment (as suggested by ketamine’s effects in BD), this finding may be in accord
with the report that SWS levels correlate with the intensity of subsequent mania
(Eidelman et al. 2010) such that low SWS levels are associated with reduced future
mania. Thus, a property of mood stabilizers might be their ability to minimize night
to night fluctuations in SWS. This property would likely be an effect shared by dark
or bed-rest interventions, i.e., CT interventions that impose fixed, extended bed-rest
schedules, thus controlling the duration of prior wakefulness and minimizing night-
to-night fluctuations in SWS. In the following section, drug-free EEG sleep studies
in BD depression and mania are compared with MDD and healthy control groups
while focusing on differences in sleep continuity, REM sleep, and SWS differences.

7.6 Disrupted Circadian and Sleep Wake Patterns
in Bipolar Disorder

BD is characterized by episodic mood cycles as well as disrupted circadian patterns
in mood, sleep, energy, and appetite that present both research and treatment
challenges. While mood cycles vary in duration, the presence of abnormal circadian
patterns of body temperature, sleep—wake, and hormones provides evidence of
abnormal regulation of core and associated circadian clock mechanisms. Treatment
of BD is complicated by emerging mood cycles, by the limited success of tradi-
tional antidepressant medications in treating the disorder, and by treatment resis-
tance, relapse, or emerging mania that result in dynamic changes in sleep during
treatment. The observations that episodes of mania are associated with reduced
need for sleep and amount of sleep, and that episodes of depression exhibit complex
patterns of sleep disruption, complicate research efforts to accurately measure SWS
and functional aspects of the homeostat in BD. Further, pathological function of the
sleep homeostat itself might directly contribute to the pathology of the illness.

SWS, REM sleep, and sleep continuity exhibit increased variability in both
MDD and BD (Harvey 2008; Soreca 2014). Unraveling the sources of this vari-
ability in BD is challenging. Relatively few drug-free EEG sleep studies are
available to inform the dynamic relationships that exist between sleep homeostasis
and change of affective state in BD (Table 7.1). SWS markers of sleep homeostasis
are confounded by daytime sleep. Findings in a large sample of manic BD patients
indicated that 10 % of waking clinical EEG samples exhibited micro-sleep episodes
(Small et al. 1999). Gender differences as well as differences in underlying oppo-
nent circadian processes may also contribute to the pattern of SWS expression (Frey
et al. 2012a, b; Goldschmied et al. 2014).
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Table 7.1—which lists several potential markers of sleep homeostasis—sum-
marizes the drug-free, controlled EEG sleep studies conducted in depressed, manic,
and remitted BD patients in order to explore possible relationships between selected
sleep measures, mood, and diagnostic groups. Control populations within each
study (either healthy control, mood state control, or MDD control) are indicated.

7.6.1 Bipolar Depression Versus Controls

Four of 10 EEG sleep studies of bipolar depression reported decreased sleep
continuity (either low sleep efficiency and total sleep or increased time awake)
relative to control populations (two versus MDD controls and three versus healthy
controls); five reported no difference and one found increased total sleep versus an
MDD group (Table 7.1). Five of 10 studies reported abnormal REM measures
(decreased REM latency, time spent in REM sleep, or REM density) relative to
controls (four versus MDD controls and one versus healthy controls); the remaining
five studies found no difference. Finally, two out of 10 studies identified decreased
SWS in BD depression compared with healthy and MDD control groups. Taken
together, the results suggest that relative to healthy control or MDD controls,
disturbances of sleep continuity and REM sleep are more common in BD depres-
sion and remission than abnormal SWS levels.

7.6.2 Bipolar Mania Versus Controls

Five studies compared EEG sleep during mania relative to either MDD, bipolar
depression, or a healthy control group. Decreased sleep continuity was present in
three of five studies, consistent with clinical observations. REM sleep measures
often distinguished mania from depression in BD. Three studies found decreased
REM latency (two versus an MDD control group), and three studies found
increased REM density (similar to a case study (Gillin et al. 1977)) in manic
patients versus an MDD control group.

SWS differences between BD depression and mania are variable and remarkable
in that they are rather minor. One report of six subjects studied in both depressed
and manic phases found no difference in SWS levels between states (Linkowski
etal. 1986). A second report found few SWS differences relative to healthy controls
(Hudson et al. 1988). A third age-controlled study found similar SWS in young
manic patients relative to MDD. In contrast, Stage 3 sleep was elevated in individ-
uals with MDD versus healthy controls (Hudson et al. 1992). In remitted patients
relative to healthy controls, there was evidence for persisting REM sleep differ-
ences (elevated REM density and REM %) as well as increased waking.

In contrast to the studies listed in Table 7.1 in which EEG sleep was measured
during brief, mood state-specific samples, two studies that examined dynamic state
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changes in BD implicated SWS in the progression of mania. In a study of latent BD,
low SWS was present in adolescent MDD patients who later converted to BD (Rao
etal. 2002), suggesting that low SWS is a trait-like feature of the illness. In a second
study conducted in medicated patients, SWS and REM density measures correlated
with the severity of future manic and depressive symptoms, respectively (Eidelman
et al. 2010). SWS levels correlated with the future severity of manic symptoms,
such that low SWS levels were followed by less severe symptoms, thus associating
with the clinical course of BD to later affect state-like features. Whether a restor-
ative function of SWS contributes to the level of mania in BD is unknown. Mood
modulation is clearer in the case of MDD, when increased slow wave production
after SD is associated with improved mood. As discussed previously in the context
of ketamine’s effects on slow wave production, drugs or CT interventions (such as
dark therapy) that buffer day-to-day variations in SWS also contribute toward
stabilizing mood. Such mechanisms may be related to the capacity of mood
stabilizers to buffer ketamine-induced generation of SWS in BD.

7.7 Association of Clock Gene and Sleep Homeostat
Function with Rapid and Durable Antidepressant
Response

Identification of biomarkers of a rapid and durable response to CTs, as well as
existing novel therapeutics, is important for developing new and more effective
treatments. The CTs associated with rapid antidepressant mechanisms implicate
molecular elements associated with the two process model, such as SWS-associated
neuroplasticity, as well as circadian clock genes that govern the regulation of the
circadian system. The fact that sleep homeostasis and clock genes interact at the
molecular level (Franken 2013; Franken and Dijk 2009) allows for the possibility
that this interaction might affect clinical response.

Clock genes and their associated molecules (Bunney and Bunney 2012, 2013),
as well as SWS-associated neural plasticity (Duncan et al. 2013b), have been linked
to ketamine’s rapid antidepressant effects. The temporal relationship between
specific clock genes versus sleep homeostatic mechanisms can inform our under-
standing of how these processes contribute to rapid antidepressant response. How-
ever, linking chronobiological mechanisms of effective rapid treatments requires
examination of the day-to-day relationship between mood change on the one hand
and changes in clock genes and sleep homeostasis on the other. If sleep homeostasis
and the circadian clock are associated with the (rapid) antidepressant effects of CTs
and novel antidepressants, markers associated with these processes would be
closely linked in time with rapid response. In the case of sleep homeostasis,
SWS-related changes in neural plasticity and rapid antidepressant response occur
within 12 hours post-ketamine infusion (Duncan et al. 2013b; Duncan and Zarate
2013).
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While conventional antidepressant drug treatments (e.g., SSRIs) require weeks
for clinical benefit, preclinical studies of these drugs nevertheless indicate that they
rapidly alter clock genes as well as markers of clock input, suggesting that such
clock effects are not sufficient for rapid mood effects. In contrast to conventional
antidepressant treatments, CT interventions and ketamine rapidly increase SWS
production, indicating that this rapid increase in SWS is an essential part of the
rapid mood response. This suggests a key role of SWS-associated processes, such as
neurotrophin release and neuronal plasticity, with the rapid-acting effects of SD and
novel therapeutics such as ketamine. Subsequent to the initial events that trigger the
response, it is possible that the interaction between homeostatic processes and clock
gene-associated events is important for sustaining antidepressant response.

Consistent with BDNF’s association with effective rapid antidepressant inter-
ventions, ketamine’s effects on BDNF are associated with rapid mood response
(Duncan et al. 2013b; Duncan and Zarate 2013), and the magnitude of BDNF and
SWS effects is correlated in ketamine responders (Duncan et al. 2013b). Further,
BDNF levels four hours post-ketamine infusion predicted mood response three days
post-infusion (Haile et al. 2014). The presence of a diurnal rhythm of BDNF in PSD
responders links the circadian system to other rapidly acting treatment interventions
(Giese et al. 2014). Similar to SD and the effects of sleep homeostasis on clock gene
expression (for a review, see Franken and Dijk (2009)), other novel therapeutics
(such as rTMS) are also linked to clock and circadian function. Plasticity associated
with rTMS was found to correlate with cortisol awakening response, a circadian
biomarker possibly regulated by peripheral circadian CLOCK genes (Clow
et al. 2014). Like other conventional antidepressants, rTMS increased REM
latency, a circadian phase marker suggesting a link between rTMS antidepressant
effects and circadian rhythms (Cohrs et al. 1998).

While their role in mediating rapid response and relapse are not fully understood,
naps and recovery sleep appear to both diminish rapid antidepressant effects and
promote relapse; in contrast, extending prior wakefulness is a necessary factor for
inducing and maintaining rapid-acting effects. Despite the capacity for naps to
blunt rapid antidepressant response (Dallaspezia and Benedetti 2011), pharmaco-
logical treatments that reduce microsleeps/naps (i.e., modafinil, caffeine,
flumazenil) do not substantially enhance the rapid antidepressant response associ-
ated with SD (Beck et al. 2010; Hemmeter et al. 2007). Still, a modafinil case report
found clinical benefit by preventing daytime naps (Even et al. 2005), and the
benzodiazepine receptor antagonist flumazenil prolonged rapid antidepressant
response to SD on the day after recovery sleep (Hemmeter et al. 2007). In addition,
while few responders (5—10 %) remain euthymic after recovery sleep (Benedetti
et al. 1999; Benedetti and Colombo 2011), the fact that a rapid SD response can be
extended by sequential CT interventions that allow sleep (PSD, SPA, BLT) (Berger
et al. 1997) indicates that recovery sleep per se is not sufficient for relapse. Rather,
the use of altered sleep schedules and BLT to affect circadian timekeeping and to
prolong prior waking facilitates both the rapid and durable features of the antide-
pressant response. Because PSD, SPA, and BLT alter sleep timing and the duration
of prior wakefulness, a durable response may be related to an interaction between
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sleep—wake and circadian system networks. A potential mechanism of rapid and
durable response is the association of prolonged wakefulness with altered
glutamatergic function. Glutamatergic changes are similar after treatments that
have rapid antidepressant properties such as total SD and ECT (Murck
et al. 2009). SD also increases the availability of metabotropic glutamate receptors
(Hefti et al. 2013) and alters glutamatergic function (Benedetti et al. 2009).
Increased prior wake time is associated with increased cortical excitability
(Huber et al. 2013), as with ketamine (Cornwell et al. 2012). It is not known
whether the antidepressant effects of sequentially applied CTs (such as PSD or
SPA) also maintain cortical excitability or whether ketamine-associated cortical
excitability might also be maintained by CTs.

7.8 Summary

CTs produce rapid antidepressant effects and, when applied sequentially, maintain
an enduring antidepressant response following the initial CT intervention or in
association with traditional drug therapies. Rapid antidepressant effects of CTs
(SD, PSD, SPA), and the novel therapeutic ketamine, are present in both MDD and
BD. The effects of ketamine and CTs on SWS, BDNF, cortical excitability, and
neuronal plasticity are present in MDD. Whether slow wave effects are also present
in drug-free BD or healthy controls requires further investigation. The existing
literature suggests that there are important differences in MDD versus BD patients
in the regulation of SWS that may underlie diagnostic differences in slow wave
response to ketamine. These differences further suggest that mood stabilizers may
affect the expression of slow waves and moderation of mood cycles in BD. As
research in this promising area moves forward, continued efforts are required to
determine the contribution of clock genes, neurotrophins, and cortical excitability
to the rapid-acting and durable antidepressant benefits of novel therapeutics.
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Chapter 8
Neuroimaging Studies of Bipolar Depression:
Therapeutic Implications

Jonathan Savitz, Harvey M. Morris, and Wayne C. Drevets

Abstract Bipolar disorder (BD) is characterized by pathophysiological changes to
the visceromotor network, disrupting the regulation of endocrine and autonomic
responses to stress and, hence, emotion and behavior. Specifically, reductions in
gray matter volume and/or cortical thickness and a concomitant increase in
glutamatergic neurotransmission are observed in the pregenual (pgACC) and
subgenual anterior cingulate cortex (sgACC); the orbitofrontal, frontal polar, and
ventrolateral prefrontal cortex (PFC); and the posterior cingulate, ventral striatum,
and hippocampus. Neuroreceptor imaging data provide preliminary evidence for
serotonin, serotonin transporter (5-HTT), dopamine receptor, and cholinergic sys-
tem dysfunction in BD. Recent PET imaging data also suggest microglial cell
activation in mood disorders. Oft-reported abnormalities of the deep frontal and
basal ganglia white matter, and enlargement of the third and lateral ventricles are
likely associated with cerebrovascular disease. Mood stabilizers and antidepressant
drugs may attenuate pathological limbic activity, increase neurotrophic processes,
and decrease inflammation, restoring balance to the system.
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8.1 Introduction

Since this chapter’s first edition in 2010, the field of neuroimaging studies in bipolar
disorder (BD) has rapidly evolved. Some of the major changes include: a reduced
emphasis on structural magnetic resonance imaging (MRI) studies, as advances in
technology have led to greater interest in techniques such as magnetic resonance
spectroscopy (MRS), diffusion tensor imaging (DTI), and functional MRI (fMRI)
assessment of the blood oxygen level dependence (BOLD) signal during the resting
state to investigate the functional connectivity across brain regions. One exception
to this trend, however, has been the development of automated techniques that
allow for the measurement of cortical thickness and gyrification. The past five years
have also seen a general increase in the number of fMRI studies, a greater interest in
correlating molecular-level phenotypes with imaging data, and a quest to identify
transdiagnostic biomarkers of psychiatric illness. The evolution of the research
trajectory has been influenced in part by the development of new classes of
antidepressant medication underlined by the promising results of ketamine, an N-
methyl-p-aspartate (NMDA) receptor antagonist, for the treatment of bipolar
depression (Ionescu et al. 2015; Zarate et al. 2012). Here, we incorporate some of
the results from these new areas into our review of the neuroimaging and neuro-
pathological abnormalities in BD.

The World Health Organization ranks BD as one of the leading causes of
disability (The World Health Organization (WHO) 2001); yet, our knowledge
about this condition’s pathogenesis remains modest. Because BD is not associated
with gross brain pathology or with clear animal models for spontaneous, recurrent
mood episodes, the availability of tools allowing noninvasive assessment of the
human brain is critical to elucidating its neurobiology. The development of neuro-
imaging technologies that permit in vivo characterization of the anatomical, phys-
iological, and neurochemical correlates of BD has thus enabled advances toward
illuminating the pathophysiology of this condition. Notably, the results of neuro-
imaging studies and the postmortem studies that have been guided by neuroimaging
results have given rise to neurocircuitry-based models in which both functional and
structural brain pathologies play roles in the development of BD.

The symptomatology of the clinical syndromes that manifest in BD, namely, the
major depressive and manic episodes, implicates brain systems involved in the
regulation of mood and emotional expression, reward processing, attention, moti-
vation, stress response, social cognition, and neurovegetative function (e.g., sleep,
appetite, energy, libido). The symptomatology of mania thus implicates the same
domains of brain function as those underlying depressive episodes but generally
with opposite valence. Anxiety symptoms are also prominent during the depressed
phase of BD, and this disorder commonly occurs comorbidly with anxiety disorders
such as panic disorder, social phobia, posttraumatic stress disorder (PTSD), and
obsessive—compulsive disorder (OCD) (Kessler et al. 2005). Consistent with the
clinical phenomenology of BD, a variety of neurophysiological, neuropathological,
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and neurochemical abnormalities have been discovered in BD within the neural
systems that modulate emotional behavior.

To date, none of these abnormalities have shown sufficient sensitivity and
specificity to prove useful as a diagnostic test, and neuroimaging is not
recommended within either the USA or the European practice guidelines for
positively defining diagnosis of any primary psychiatric disorder (Savitz
et al. 2013). The variable presence and magnitude of such abnormalities in mood
disorders likely reflects the heterogeneity encompassed within the BD syndrome
with respect to pathophysiology and etiology. As long as psychiatric nosology
depends on syndrome-based classifications, diagnosing BD may continue to
encompass patients with a range of conditions that appear clinically related but
are neurobiologically distinct. This lack of precise and biologically verifiable
definition of illness presumably contributes to the extant inconsistencies within
the literature pertaining to neurobiological abnormalities associated with BD and to
the variable responses of BD patients to psychopharmacological treatment options.
Ultimately, the discovery of illness subtypes that are associated with specific
genotypes is expected to improve the sensitivity and specificity of research findings,
as well as of therapeutic approaches.

8.2 Neural Circuits Implicated in Bipolar Disorder

Evidence from neuroimaging, neuropathological, and lesion analysis studies impli-
cates brain networks that normally regulate the evaluative, expressive, and experi-
ential aspects of emotional behavior in the pathophysiology of BD (Phillips
et al. 2003). These circuits include the limbic—cortical—striatal-pallidal-thalamic
(LCSPT) circuits formed by the orbital and medial prefrontal cortex (OMPFC),
amygdala, hippocampal subiculum, ventromedial striatum, mediodorsal thalamic
nucleus, and ventral pallidum (Ongur et al. 2003). The LCSPT circuits initially
were related to emotional behavior on the basis of their anatomical connectivity
with limbic structures that mediate emotional expression, such as the hypothalamus
and periaqueductal gray (PAG) (Nauta and Domesick 1984). They were also
initially implicated in the pathophysiology of depression by the observation that
degenerative basal ganglia diseases and lesions of the striatum and orbitofrontal
cortex (OFC) increased the risk of developing major depressive or manic syn-
dromes (Folstein et al. 1985).

In addition to involving LCSPT circuitry, the functional and structural brain
abnormalities associated with mood disorders also affect an extended anatomical
network formed by neural projections linking the LCSPT components to areas of
the mid and posterior cingulate cortex, superior and medial temporal gyrus,
parahippocampal cortex, medial thalamic nuclei, and habenula (Ongur
et al. 2003). This extended ‘“visceromotor” network functions to regulate auto-
nomic, endocrine, neurotransmitter, and behavioral responses to aversive and
rewarding stimuli and contexts by modulating neuronal activity within the limbic
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and brainstem structures that mediate and organize emotional expression (e.g.,
amygdala, bed nucleus of the stria terminalis (BNST), PAG, hypothalamus)
(Ongur et al. 2003). Thus, impaired function within this network could disinhibit
or alter emotional expression and experience, conceivably giving rise to the clinical
manifestations of depression or mania. Compatible with this hypothesis, pharma-
cological, neurosurgical, and electrical stimulation treatments for mood disorders
appear to inhibit pathological activity within visceromotor network structures such
as the amygdala and subgenual anterior cingulate cortex (sgACC) (Price and
Drevets 2012).

8.3 Structural Neuroimaging in Bipolar Disorder

Patients with BD show abnormalities of morphology or morphometry in multiple
structures that form the extended visceromotor network (Drevets and Price 2005)
(Tables 8.1 and 8.2). The extent or prevalence of these abnormalities depends partly
on clinical characteristics such as age at onset of illness, risk for developing
psychosis as well as mania, and evidence for familial aggregation of illness. For
example, elderly BD or major depressive disorder (MDD) subjects with late-onset
mood disorders show an increased prevalence of neuroimaging correlates of cere-
brovascular disease relative to both age-matched healthy controls and to elderly
individuals with MDD with an early age of onset (Drevets et al. 2004). Similarly,
individuals with MDD or BD who manifest either psychosis (delusions and/or
hallucinations) or a late-life onset of illness show nonspecific signs of atrophy,
such as lateral ventricle enlargement, which are absent in early onset, nonpsychotic
MDD cases.

8.3.1 Volumetric MRI Abnormalities Identified in Bipolar
Disorder

Early onset, nonpsychotic BD cases also show volumetric abnormalities that are
localized to some PFC, cingulate, temporal lobe, and striatal structures (Tables 8.1
and 8.2). The most prominent volumetric abnormality reported to date has been a
reduction in gray matter (GM) in the left anterior cingulate cortex (ACC) ventral to
the corpus callosum genu (i.e., “subgenual”), which is evident in MDD and BD with
evidence of familial clustering or with psychotic features (Botteron et al. 2002;
Coryell et al. 2005; Drevets et al. 1997; Hirayasu et al. 1999). This volumetric
reduction exists early in the course of the illness and in young adults at high familial
risk for BD or MDD (Botteron et al. 2002; Hirayasu et al. 1999). This abnormality
is also evident for both BD-I and BD-II samples (Haznedar et al. 2005; Lyoo
et al. 2004a). Reductions in cortical thickness of the sgACC and the rostral ACC
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Table 8.1 Neuroimaging and histopathological abnormalities evident in the visceromotor net-
work in early onset, recurrent MDD, and/or BD

Gray matter Cell counts, cell | Glucose metabolism,
volume markers CBF
Dep Dep

Brain region Dep vs. Con | Dep vs. Con vs. Con vs. Rem
Dorsal medial/anterolateral PFC | Decreased Decreased Decreased | Increased
(BA9)
Frontal polar cortex (BA 10) Decreased Increased Increased
Subgenual anterior cingulate Decreased Decreased Mixed Increased
cortex (sgACC) findings®
Pregenual anterior cingulate Decreased Decreased Increased | Increased
cortex (pgACC)
Orbital C/Ventrolateral PFC Decreased Decreased Increased | Increased
Posterior cingulate Decreased Increased | Increased
Parahippocampal cortex Decreased Decreased in BD | Increased | Increased
Amygdala Mixed Decreased in Increased Increased

findings® MDD
Ventromedial striatum Decreased Increased | Increased
Hippocampus Decreased Decreased in BD |n.s. n.s.
Superior temporal gyrus/ Decreased Increased
Temporopolar cortex
Medial thalamus Increased | Increased

“In the sgACC, the apparent reduction in cerebral blood flow and metabolism in PET images of
subjects with MDD is thought to be accounted for by the reduction in tissue volume in the
corresponding cortex. After partial volume correction for the reduction in gray matter, the
metabolism appears increased relative to controls

®The literature disagrees with respect to amygdala volume in mood disorders (see text)
Abbreviations: BD: bipolar disorder; Dep vs. Con: unmedicated individuals with MDD versus
healthy controls; Dep vs. Rem: unmedicated individuals with MDD versus themselves in either the
medicated or unmedicated remitted phases; n.s.: differences generally not significant; PFC:
prefrontal cortex

Empty cells indicate insufficient data. Modified from Drevets (2007)

more generally have also been reported using automated analysis software such as
FreeSurfer, which is able to distinguish cortical area and cortical thickness
(Elvsashagen et al. 2013; Foland-Ross et al. 2011) (Table 8.2).

Conventional antidepressant drug treatment and symptom remission do not
appear to alter the reductions in GM volume in the sgACC (Drevets et al. 1997).
Interestingly, chronic lithium treatment, which exerts robust neurotrophic effects in
animal models (Moore et al. 2000), largely normalizes sgACC volume in treatment
responders (Moore et al. 2009). These data are supported by MRS studies, which
find that higher levels of N-acetylaspartate (NAA) in the sgACC, a marker of
neuronal integrity, are associated with lithium treatment (Moore and Galloway
2002; Forester et al. 2008) (Fig. 8.1).

Also consistent with the structural MRI literature are the results of postmortem
studies. Notably, a reduction in the number of Nissl-stained glia identified
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Table 8.2 Summary of cortical thickness measurements in adult BD

Sample Mean
Study Regions of decreased thickness size Mood state age
Giakoumatos | LOC (B), lingual (R) in BD-no Li versus 186 Psychotic 37, 36
et al. (2015) HC BD,
342 HC
QOertel- MOG (L), IFG (B), precuneus (B), STG 32 BD, |Remitted 44,42
Knochel (L), rACC (R) 35 HC
et al. (2015)
Janssen Frontal cortex 20 BD, | Psychotic 16, 15
et al. (2014) 52 HC
Lan IPC (B), caudal middle-frontal (R), SPC 18 BD, | Depressed 38, 32
et al. (2014) (L), PCC (R), supramarginal (R) 54 HC
Maller Parietal cortex (L), supramarginal gyrus 31 BD, |Depressed 43, 40
et al. (2014) (R), SFG (R), precuneus (R) 31 HC
Elvsashagen sgACC (L), dorsomedial PFC (B), DLPFC |36 BD Depressed, 33,31
et al. (2013) (B), temporal gyrus (L) 11, remitted,
42 HC | hypomanic
Hatton Calcarine sulcus (L), angular gyrus (L), 73 BD, | Psychotic 22,24
et al. (2013) supramarginal gyrus (R), SPC (R), 49 HC
precuneus (R), precentral gyrus (R), fusi-
form gyrus (R)
Foland-Ross ACC (L), pregenual ACC (L), OFC (B), 34 BD, |Euthymic 31, 38
etal. (2011) frontopolar (L), dorsomedial PFC (L), 31 HC
temporal pole (L)
Rimol Frontal lobe, posterior temporal, and 139 NS 35, 36
et al. (2010) temporoparietal regions BD,
207 HC
Fornito Male patients had increased thickness in 26 BD, | Manic (1st 22,22
et al. (2009) sgACC (R) 26 HC episode)
Lyoo Postcentral cortex (B), dorsal ACC (L), 25 BD, | Depressed 34,32
et al. (2006) pregenual ACC (L), PCC (L), occipital 21 HC
cortex (L), OFC (R), fusiform gyrus (R)

(L)=left, (B)=bilateral, (R)=right, NS=not stated, LOC =Ilateral occipital cortex,
MOG = medial orbital gyrus, STG = superior temporal gyrus, rACC =rostral anterior cingulate
cortex, SFG = superior frontal gyrus, IFG = inferior frontal gyrus, IPC = inferior parietal cortex,
SPC = superior parietal cortex, PCC = posterior cingulate cortex, sgACC = subgenual anterior
cingulate cortex, DLPFC =dorsolateral prefrontal cortex, ICV =intracranial volume,
Li =lithium, OFC =orbital frontal cortex, PFC = prefrontal cortex, BD =bipolar disorder,
HC = healthy control

morphometrically together with an increase in neuronal density in the sgACC was
found in two independent samples of patients with familial BD as well as familial
MDD (Ongur et al. 1998). The reported reduction in glial cells most clearly
implicated the perineuronal and myelinating oligodendroglia and may, thus, com-
promise the structural integrity of white matter (WM) fibers. Certainly, DTT studies
have produced evidence of structural abnormalities of WM tracts connecting the
sgACC with limbic nuclei (Wang et al. 2008, 2009).
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Fig. 8.1 Upper panel: Coronal (31 mm anterior to the anterior commissure; y=31) and sagittal
(3 mm left of midline; x = —3) sections showing negative voxel r-values where glucose metabo-
lism is decreased in individuals with depression relative to controls. The reduction in activity in
this prefrontal cortex (PFC) region located in the anterior cingulate gyrus ventral to the genu of the
corpus callosum (i.e., subgenual) appeared to be accounted for by a corresponding reduction in
cortex volume (Table 8.1; reproduced from Drevets et al. (1997)). Anterior or left is to left. Lower
Panel: Although the PET data shown in the upper panel were obtained exclusively in unmedicated
subjects, the volumetric MRI data from this study were obtained in a larger sample that included
six cases who had been chronically receiving lithium or valproate prior to scanning. The bar
histogram shows the mean subgenual anterior cingulate cortex (sgACC) volumes in mm? for the
healthy controls, individuals with major depressive disorder (MDD), unmedicated individuals with
bipolar depression, and subjects with bipolar disorder (BD) chronically medicated with lithium or
valproate

GM volume and cortical thickness is also reduced in the OFC (BA 11, 47) and
ventrolateral PFC (VLPFC; BA 45, 47) in MDD (Drevets and Todd 2005) and BD
(Lyoo et al. 2004a; Foland-Ross et al. 2011; Oertel-Knochel et al. 2015), in the
frontal polar/dorsal anterolateral PFC (BA 9, 10) in MDD (Drevets et al. 2004), and
in the posterior cingulate cortex and superior temporal gyrus in BD (Nugent
et al. 2006; Oertel-Knochel et al. 2015). In BD, the peak difference in GM loss in
the lateral OFC was found in the sulcal BA47 cortex (Nugent et al. 2006), a region
that appears to function as part of both the visceromotor and “sensory” networks
within the OMPFC (Ongur et al. 2003). Compatible with these data, the MRS study
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by Cecil and colleagues found reduced NAA and choline concentrations in the
orbitofrontal GM in BD, suggesting decreased neuronal integrity (Cecil et al. 2002).

Decreases in the volume of the dorsal PFC have also been reported in BD and
MDD (Savitz and Drevets 2009a). For example, Frangou and colleagues (2005) and
Haznedar and colleagues (2005) described GM volume reductions of the dorsolat-
eral PFC (DLPFC) (BA 8, 9, 45, 46) in medicated and remitted BD-I patients and
partially medicated, “stable” bipolar-spectrum individuals, respectively. More
circumscribed volume reductions of BA 9 were also reported in a medicated,
euthymic pediatric BD sample (Dickstein et al. 2005). In a mixed BD-I and
BD-II sample, Lochhead and colleagues reported reduced GM volume of the
ACC immediately dorsal to the corpus callosum (CC) (Lochhead et al. 2004).
Reductions in cortical thickness of the dorsomedial PFC and DLPFC were also
reported in a lithium-free sample of BD subjects (Foland-Ross et al. 2011).

In the hippocampus, at least half of the studies reported reductions in the volume
of the whole hippocampus in MDD. In BD, however, the volumetric reductions
appear more specific to the anterior subiculum/ventral CAl region (Drevets
et al. 2004). In contrast, the whole hippocampal volume was reported to be smaller
in BD subjects than controls in some studies, but not different from controls in most
studies (Savitz and Drevets 2009a). The reasons for these apparent differences
between neuromorphometric studies of MDD versus BD remain unclear. In
MDD, the reduction in hippocampal volume was limited to depressed women
who suffered early life trauma in some studies (Vythilingam et al. 2002) and was
correlated inversely with time spent depressed in other studies (e.g., Sheline
et al. (2003)), but it remains unclear whether these relationships also extend to
BD. Regarding the postmortem literature, Fatemi and colleagues reported a 39 %
decrease in CA4 volume together with a decreased density of reelin-expressing
gamma aminobutyric acid (GABA)ergic neurons (Fatemi et al. 2000). Similarly,
Pantazopoulos and colleagues detected a decrease in both the total number and the
density of inhibitory, GABAergic neurons in the superficial layers of the entorhinal
cortex in a BD sample (Pantazopoulos et al. 2007).

One potential reason for the apparent discrepant imaging findings between MDD
and BD may be the neurotrophic/neuroprotective effects associated with mood
stabilizing treatments. Animal studies demonstrate that lithium promotes hippo-
campal neurogenesis (Kim et al. 2004) and long-term potentiation (LTP) (Son
et al. 2003). A sample of BD patients treated for four weeks with lithium showed
a 3% (24 cm?) increase in whole brain GM volumes from baseline (Moore
et al. 2000), an effect that appeared to result from the neurotrophic effect of the
drug (Manji et al. 2000). Four more recent studies (Bearden et al. 2007; Beyer
et al. 2004; Sassi et al. 2004; Yucel et al. 2008) comparing lithium-treated and
non-lithium treated groups demonstrated similar effects in large cortical areas
including the hippocampus. The phenomenon may not be restricted to lithium;
comparable effects have been noted with other classes of mood stabilizers, espe-
cially valproate (Hao et al. 2004; Mark et al. 1995). In contrast, with the exception
of the as yet rarely prescribed tianeptine (McEwen et al. 2002; McEwen and Olie
2005; Watanabe et al. 1992), the neurotrophic properties of antidepressants are less
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persuasive (although see Stewart and Reid (2000)) and Duman and Monteggia
(2006)). The potential effects of lithium on hippocampal volume are supported by a
recent meta-analysis that found that in aggregate, hippocampal volume is reduced
in BD after controlling for the effects of lithium (Hajek et al. 2012).

Amygdala volume has been reported to be increased in some studies but
decreased in others in individuals with MDD relative to controls (Drevets
et al. 2004). In general, these data suggest that the amygdala volume in patients
with BD shows an age-related dichotomy of findings. In adults, the predominant
pattern is one of increased amygdala volume while in children and adolescents the
reverse is true (Savitz and Drevets 2009a). The findings in adults seem to hold even
in samples with a long history of illness (Altshuler et al. 2000; Brambilla
et al. 2003; Frangou et al. 2005). As in the case of the hippocampus, reports of
increased GM volume in BD subjects versus healthy controls may be an artifact of
treatment with medications. Relative to healthy controls, we found larger
amygdalar volumes in lithium or valproate-treated BD patients but smaller
amygdalar volumes in unmedicated subjects with BD (Savitz et al. 2010). These
data are supported by the postmortem literature: a 19 % reduction in oligodendro-
cyte density in the amygdala that reached trend level significance was found in one
study (Hamidi et al. 2004), and in another study, the density of glial cells in the
amygdala was significantly reduced in MDD but not in BD (Bowley et al. 2002).
However, samples from two unmedicated patients with BD were indicative of
reduced oligodendrocyte density (Bowley et al. 2002).

In the basal ganglia (i.e., caudate, putamen, or globus pallidus), subjects with BD
generally have not shown morphometric differences relative to controls (Savitz and
Drevets 2009a). These data appear consistent with the reported absence of NAA
abnormalities in the basal ganglia of BD samples (Kato et al. 1996; Hamakawa
et al. 1998; Ohara et al. 1998). Nevertheless, a postmortem study of a combined
MDD and BD sample reported volumetric reductions of the left accumbens,
bilateral pallidum, and right putamen (Baumann et al. 1999).

There has, however, been some suggestion of striatal enlargement in adult and
pediatric samples with BD (Savitz and Drevets 2009a). As in the case of the
hippocampus, treatment effects may conceivably confound these analyses. Enlarge-
ment of basal ganglia structures is a well-known effect of antipsychotic drugs
(Jernigan et al. 1991; Swayze et al. 1992; Chakos et al. 1995; Frazier et al. 1996)
and, notably, three of the studies reporting basal ganglia enlargement used samples
that included subjects who were manic and treated with antipsychotic medications
(Strakowski et al. 2002; DelBello et al. 2004; Wilke et al. 2004).

Enlargement of the third and lateral ventricles has commonly been observed in
BD (Savitz and Drevets 2009a). Many studies reporting ventriculomegaly included
subjects with early age of onset. Nevertheless, the extent to which chronic alcohol
abuse (Anstey et al. 2006), incipient neurological disorders with prodromal depres-
sion, or cerebrovascular disease (Salerno et al. 1992; Goldstein et al. 2002;
Knopman et al. 2005) (see ensuing section on WM abnormalities) contributes to
ventricular enlargement has not been established. Notably, Strakowski and col-
leagues found that the lateral ventricles were significantly larger in patients with
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multiple-episode BD than in first-episode BD patients or healthy controls, and
larger lateral ventricles were associated with a higher number of prior manic
episodes (Strakowski et al. 2002). The multiple-episode patients in this study also
had a smaller total cerebral volume than the healthy subjects, but not the first-
episode patients. These cross-sectional data imply that a progressive loss of cerebral
tissue volume occurs during repeated manic episodes, although this observation
requires confirmation in longitudinal studies.

8.3.1.1 Lithium’s Effects on T1 Signal Intensity of Gray Matter in MRI
Image Analysis

In considering the design and interpretation of studies reporting lithium’s effects on
regional GM volume, the nonspecific effect of lithium on T1 signal intensity merits
comment. Cousins and colleagues showed that lithium reduced T1 relaxation in
cerebral GM (but not in WM), and that this effect could distort measures of GM
volume obtained using analysis techniques that depend heavily or exclusively on
MRI signal intensity, such as voxel-based morphometry (VBM) (Cousins
et al. 2013). In this study, MRI scans were obtained in healthy controls before
and after receiving lithium for 11 days. Analysis of cerebral volumes performed
using VBM showed an increase in total GM volume by a mean of 1.1 % versus
placebo (along with a corresponding reduction in CSF volume and no significant
change in WM volume). In contrast, no significant difference between lithium and
placebo was noted when the same images were analyzed using Structural Image
Evaluation using Normalization of Atrophy (SIENA), a technique that additionally
employed paired edge finding methods (analogous to the boundary finding capa-
bilities of the human eye). This effect of lithium on the T1 signal must, therefore, be
considered in the design and interpretation of volumetric studies of lithium’s effects
on GM volume.

One study that used a semi-automated segmentation approach (analogous to
VBM) addressed this limitation by including a relevant control group that enabled
controlling for lithium’s nonspecific effects on T1 signal intensity. Moore and
colleagues imaged 28 BD patients before and following a four-week course of
lithium. Although in the entire sample the total brain GM volume increased
significantly in the post- versus pre-treatment condition, the separate comparisons
of lithium responders (n = 11) and nonresponders (n = 17) proved most instructive
(Moore et al. 2009). These subgroups did not differ significantly in lithium level,
age, sex, or baseline total brain volume. In the nonresponders, the treatment-
associated changes in GM volume were not statistically significant but were
nominally in the 0.5-1 % range in the entire PFC and subgenual PFC regions,
respectively, compatible with the findings of Cousins and colleagues (2013). In the
lithium responders, however, GM volume increased significantly in the PFC;
moreover, the magnitude of the GM changes was greater in the treatment responder
group, being >4 % in the PFC more broadly and 8 % in the sgPFC specifically.
Thus, the nonresponder group controlled for the nonspecific effects of lithium on
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MR signal intensity and enabled a compelling demonstration that, in treatment
responders, lithium increased GM volume in regions where GM had been reported
in previous studies to be abnormally decreased in BD.

Another useful approach was exemplified by Savitz and colleagues, who applied
two useful approaches for dealing with the nonspecific effect of lithium on T1
signal in a study employing a cross-sectional design (Savitz et al. 2010). First, in
addition to examining the effects of lithium on amygdala volume, this study also
investigated the effects of another mood stabilizing medication, divalproex, which
showed neuroprotective effects similar to those of lithium in preclinical models, but
has not been associated with confounding effects on MRI signal intensity. Second,
this study used a manual segmentation technique in images that were high in both
spatial and tissue contrast resolution. The manual segmentation technique relies on
the capabilities of the human eye to implement information about both signal
intensity and boundary shape, analogous to the SIENA approach. In unmedicated
BD subjects, the mean right amygdala volume was significantly smaller than in
matched healthy controls. In contrast, the mean right amygdala volume was signif-
icantly greater (with a similar trend on the left) in BD patients treated with either
lithium or divalproex, relative to the BD subjects who were unmedicated. In a post
hoc analysis, the effect was at least as robust for divalproex as for lithium (the
volumes were nominally larger in the divalproex-treated subsample). Since pre-
clinical data showed that lithium and divalproex exert similar neuroplasticity
effects under a variety of physiological and psychological stress models in rodents,
these data appear compatible with the hypothesis that these neuroplasticity effects
extend to humans with BD. Notably, the medicated BD subjects did not show any
difference relative to matched healthy controls in whole brain volume, suggesting
that mood stabilizer treatment may correct an abnormal reduction in amygdala
volume in BD without nonspecifically changing GM volume all over the brain.

8.3.2 Neuromorphological MRI Abnormalities in BD:
White Matter Pathology

Abnormalities of WM tracts in BD as indexed by reduced fractional anisotropy
(FA) and increased radial diffusivity (RD) have been reported in regions such as the
cingulum, genu, and splenium of the corpus callosum and inferior and superior
longitudinal fasciculi (Emsell et al. 2014; Torgerson et al. 2013; Barysheva
et al. 2013; Versace et al. 2014). FA is a measure of the degree to which the
diffusion process is constrained by the WM fibers, such that a low FA may indicate
decreases in fiber density and/or myelination in WM. Interestingly, a recent study
reported that psychotic BD patients showed similar WM connectivity abnormalities
to schizophrenics with decreases in FA of the callosal, posterior thalamic/optic,
paralimbic, and fronto-occipital tracts (Kumar et al. 2015). These findings were
partially consistent with a previous study reporting reduced FA in the anterior limb



148 J. Savitz et al.

of the internal capsule, anterior thalamic radiation, and in the region of the uncinate
fasciculus in patients with BD and those with schizophrenia compared with controls
(Sussmann et al. 2009), thus suggesting that the presence of WM abnormalities may
cut across traditional diagnostic boundaries.

In morphological MRI studies, an elevation in the incidence of WM
hyperintensities (WMH), especially in the deep frontal cortex and basal ganglia,
has commonly been reported in BD and in late-onset MDD samples (Krishnan
et al. 1991; Figiel et al. 1991; Hickie et al. 1995; Steffens et al. 1999; Hannestad
et al. 2006). Seen as high-intensity signals on T2-weighted MRI scans, WMH are
caused by circumscribed increases in water content that putatively indicate a
decrease in WM density due to demyelination, atrophy of the neuropil, ischemia-
associated microangiopathy, or other causes (Ovbiagele and Saver 2006). This
phenomenon normally is prevalent in elderly, nondepressed populations (Kertesz
et al. 1988) but shows an abnormally high prevalence in MDD cases with a late age
of onset and in BD samples of all ages.

The incidence of WMH may relate in part to cerebrovascular disease. BD is
associated with a significantly increased prevalence of cardiovascular disease risk
factors such as smoking, obesity, diabetes mellitus (DM), hypertension, and
dyslipidemia (reviewed in Kilbourne et al. (2004) and Newcomer (2006)). Hyper-
tension (Dufouil et al. 2001; Gunstad et al. 2005), obesity (Gustafson et al. 2004),
smoking (Dager and Friedman 2000), and diabetes mellitus (Novak et al. 2006)
have in turn been directly associated with the development of WMH. Although
most published studies of BD attempt to exclude patients with such potentially
confounding conditions, the whole gamut of risk conditions is rarely controlled for,
raising the possibility that WMH in BD are an artifact of medical comorbidity or
some obscure ischemic risk factor. Moreover, drug abuse is prevalent in BD
populations and stimulant drug-induced vasoconstriction may lead to WMH
(Dupont et al. 1990; Lyoo et al. 2004b). Notably, marijuana use also may interact
in an additive fashion with WMH to predispose to depressive symptomatology
(Medina et al. 2007). In addition, Lenze and colleagues (1999) and Nemeroff and
colleagues (2000) speculated that excess depression-associated secretion of sero-
tonin by blood platelets (Biegon et al. 1990; Musselman et al. 1996) facilitates
platelet aggregation and thereby predisposes to thrombotic events and vasocon-
striction. Finally, cerebrovascular reactivity, which describes the compensatory
dilatory capacity of arterioles to dilatory stimuli, is reportedly reduced in acutely
depressed patients without any neurological, cardiac, or vascular risk factors
(de Castro et al. 2008), raising the possibility that impaired regulation of vascular
tone also plays a role in the pathogenesis of WMH in BD.

Nevertheless, studies that attempted to match patients and controls for the
presence of cardiovascular risk factors still find elevated rates of WMH in their
depressed samples (reviewed in Savitz and Drevets (2009a)). Moreover, the
hypothesis that WMH reflect cerebrovascular disease fails to account for the WM
pathology noted in pediatric BD samples (Botteron et al. 1995; Lyoo et al. 2002;
Pillai et al. 2002) as well as the high concentration of WMH in both BD subjects
and their unaffected relatives (Ahearn et al. 1998). A significant minority of young



8 Neuroimaging Studies of Bipolar Depression: Therapeutic Implications 149

BD patients with a relatively typical age of onset show WM abnormalities on MRI
scans (Savitz and Drevets 2009b). Thus, while a proportion of adults with BD with
significant WM pathology will present with risk factors for cerebrovascular disease,
WMH may also less commonly arise in pediatric or young adult BD samples due to
developmental insults or via some as yet unknown pathophysiological mechanism.

Obstetric complications are well known to be associated with schizophrenia
(Cannon et al. 2002), but with a few exceptions (Kinney et al. 1993, 1998), appear
less salient in BD. Nevertheless, it is possible that perinatal hypoxic events precip-
itate BD in a vulnerable minority (Pavuluri et al. 2006).

Another possible explanation for demyelination as evidenced by WMH in BD
may be changes in oligodendrocyte function. Postmortem studies have reported a
downregulation of oligodendrocyte-related expression of genes impacting myelin
or oligodendrocyte function and decreased oligodendrocyte density in both BD and
MDD (Tkachev et al. 2003; Aston et al. 2005; Cotter et al. 2002; Hamidi et al. 2004;
Uranova et al. 2004; Vostrikov et al. 2007). Conversely, oligodendrocyte density
and 2',3'-cyclic-nucleotide 3’-phosphodiesterase (CNPase), a putative marker of
oligodendrocytes, were increased in the WM underlying the DLPFC of individuals
with BD prescribed mood stabilizers, suggesting a treatment effect (Hercher
et al. 2014). Variants of some of these genes such as oligodendrocyte lineage
transcription factor 2 (OLIG2) [NCBI accession number 10215], Neuregulin
1 (NRGI) [3084], and v-erb-a erythroblastic leukemia viral oncogene homolog
4 (ERBB4) [2066] have been directly associated with mood disorders and may
determine how resilient these cells are to environmental stressors (see Carter
(2007a, b) and Sokolov (2007) for a review). WM is decreased in the genu of the
corpus callosum in both adults with BD or MDD, their high-risk children, and their
adolescent offspring (particularly in females), and is also decreased in the splenium
of the corpus callosum in adults with BD or MDD. Finally, the high incidence of
familial WMH seen in the Ahearn and colleagues sample supports a role for genetic
factors and suggests that genetic variance in genes related to oligodendrocyte
function may contribute to the development of WMH in BD (Ahearn et al. 1998).

An unresolved issue is whether the relationship between WM pathology and
mood disorders is one of cause or effect. Certainly, new cases of BD may be
precipitated by subcortical infarcts (Starkstein and Robinson 1989). Moreover,
depressive and bipolar syndromes are relatively common sequelae of the genetic
disorder, cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) (Chabriat et al. 1995; Desmond et al. 1999). The
deep frontal WM pathology commonly seen in mood disorders may conceivably
disrupt the pathways linking subcortical regions such as the striatum to functionally
homologous regions of the PFC, giving rise to dysregulation of emotional behavior
in BD (Adler et al. 2004; Geschwind 1965a, b).



150 J. Savitz et al.
8.4 Neurophysiological Imaging in Bipolar Depression

Many regions where structural abnormalities are apparent in mood disorders also
contain abnormalities of cerebral blood flow (CBF) and glucose metabolism
(Table 8.1; Fig. 8.1). In most of these structures, and particularly those that form
the extended visceromotor network, the basal activity appears abnormally increased
during the depressed phase of BD. In MDD, this pattern of differences has also been
demonstrated in cross-sectional studies of depressed MDD subjects relative to
controls, longitudinal studies of patients imaged before versus after treatment
(Drevets et al. 2002a), and challenge studies of remitted patients scanned before
versus during depressive relapse (Neumeister et al. 2004; Hasler et al. 2008).

Nevertheless, the reduction in GM volume in some structures is sufficiently
prominent to produce partial volume effects in functional brain images due to their
relatively low spatial resolution, yielding complex relationships between physio-
logical measures and depression severity. For example, relative to controls,
depressed BD and MDD subjects show metabolic activity that appears reduced in
the sgACC (Drevets et al. 1997; Kegeles et al. 2003). However, this abnormal
reduction in flow and metabolism may be partly attributable to the partial volume
averaging effect associated with the reduction in the corresponding GM (Drevets
and Price 2005). This effect may contribute to the complex relationship observed
between metabolic activity and clinical state, as activity is decreased further in the
remitted versus the depressed phase of mood disorders in the sgACC, as assessed
following effective treatment (Drevets et al. 2002a; Holthoff et al. 2004; Nobler
et al. 2001; Mayberg et al. 2005). Conversely, metabolic activity is increased in the
sgACC in remitted MDD cases during depressive relapse induced by tryptophan
depletion or catecholamine depletion (Neumeister et al. 2004; Hasler et al. 2008).
The volumetric reductions in the OFC and VLPFC may also contribute to the
complexity of relationships observed between metabolism and illness severity, as
metabolism appears elevated in depressed samples of mild-to-moderate severity,
but reduced in more severe, treatment-refractory cases (Ketter and Drevets 2002).

Although the pattern of activity in the extended visceromotor network generally
is one in which metabolism is elevated during the depressed versus the remitted
phases, the relationship between activity and symptom severity differs in valence
across some structures, compatible with preclinical evidence that distinct structures
are involved in opponent processes with respect to emotion modulation (Vidal-
Gonzalez et al. 2006). Regions where metabolism correlates positively with depres-
sion severity include the amygdala, sgACC, and ventromedial frontal polar cortex
(Hasler et al. 2008; Drevets et al. 2002a). Metabolism and flow decrease in these
regions during effective treatment (Mayberg et al. 2005; Drevets et al. 2002a).
Conversely, in recovered MDD cases who experience depressive relapse under
serotonin or catecholamine depletion, metabolic activity generally increases in
these regions as depressive symptoms return (Neumeister et al. 2004, 2006; Hasler
et al. 2008).
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In the amygdala, abnormal elevations of resting metabolism can be seen in
depressed samples categorized as having BD, familial pure depressive disease
(FPDD), MDD-melancholic type, or MDD that responds to a night of total sleep
deprivation (Drevets 2001). In such cases, amygdala metabolism decreases toward
normative levels during effective antidepressant treatment (Drevets et al. 2002a). In
BD, these findings of increased baseline amygdalar activity have largely been
limited to adults (Ketter et al. 2001; Sheline et al. 2001; Drevets et al. 2002b;
Bauer et al. 2005; Mah et al. 2007), in whom resting activity has correlated
positively with severity of depression (Ketter et al. 2001). Furthermore, increased
hemodynamic responses of the amygdala to negatively valenced faces have been
reported in BD subjects relative to healthy controls (Yurgelun-Todd et al. 2000;
Lawrence et al. 2004; Rich et al. 2006; Pavuluri et al. 2007). Notably, both
adolescents with BD and unaffected adolescents with a family history of BD
showed an elevated hemodynamic response in the amygdala when presented with
faces expressing negatively valenced emotion, implying that this abnormality either
arises very early in the illness or reflects a heritable trait-like biomarker (Olsavsky
et al. 2012; Manelis et al. 2015). This finding extended to the offspring of parents
with non-bipolar mood disorder as well; however, in the functional connectivity
analysis from the same study, an increased amygdala—VLPFC and reduced
amygdala—ACC functional connectivity pattern previously shown in individuals
with BD also differentiated the offspring of BD parents from those of non-bipolar
mood disorders (Manelis et al. 2015). If these findings prove reproducible, they
would imply that these abnormalities may constitute risk markers for the develop-
ment of BD.

In the accumbens, medial thalamus, and posterior cingulate cortex, resting
metabolism and perfusion appear abnormally elevated in the depressed phase of
MDD and BD (Drevets et al. 2002b, 2004; Mah et al. 2007). In the OFC, Blumberg
and colleagues showed that manic patients have reduced rCBF (Blumberg
et al. 1999), while induction of a sad mood through psychological means resulted
in decreased rCBF to the medial OFC in euthymic but not depressed BD subjects
versus controls (Kruger et al. 2003). Finally, reductions in metabolism have been
reported in the dorsolateral PFC, and abnormalities in the hemodynamic responses
to various cognitive—behavioral tasks have been reported in BD in both the OMPFC
and the DLPFC (Phillips et al. 2003).

The patterns of hemodynamic response to a variety of positively or negatively
valenced stimuli have consistently differed between mood disordered and healthy
control samples and, in some cases, between depressed subjects with MDD versus
BD; these consistently highlight altered function within the limbic—cortical circuits
that involve the OMPFC (Phillips and Swartz 2014). For example, in an fMRI study
that compared patterns of hemodynamic change during a reward anticipation task
between BD-I, MDD, and healthy control groups, the reward expectancy-related
activation in the ACC observed in healthy individuals was significantly reduced in
depressed patients with either BD-I or MDD, despite showing no significant
difference in the ventral striatum across the three groups (Chase et al. 2013).
Notably, the anticipation-related increase in hemodynamic activity in the left
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VLPFC was significantly exaggerated in the BD-I depressed group compared to the
other two groups. While medication effects have been a confounding factor in most
fMRI studies of BD, some have begun to take such factors into account in the study
design. For example, Hafeman and colleagues studied the impact of medication in
youth with BD and reported an area in the right VLPFC in which unmedicated BD
youth showed decreased activation relative to both healthy and psychiatric controls
during the processing of negative face stimuli; a separate sample of medicated BD
subjects also showed decreased activation in this cluster relative to healthy controls
and non-BD youth, but the magnitude of this differences was diminished in the
medicated BD group compared to the unmedicated group with respect to the control
groups (Hafeman et al. 2014).

8.4.1 Patterning Hemodynamic Responses to Classify
Individual Subjects with BD or Those at High Risk
Jor BD

The pattern of hemodynamic abnormalities within and outside the medial prefrontal
network detected in BD using fMRI has been explored for its potential as a
biomarker signature capable of classifying individual subjects. For example, in
one study, the hemodynamic response of the default mode and temporal lobe
networks during an auditory oddball paradigm was applied a priori to a sample of
14 medicated patients with BD-I, 21 medicated patients with schizophrenia, and
26 healthy controls (Calhoun et al. 2008). The authors were able to distinguish BD
patients from patients with schizophrenia and healthy controls with 83 % sensitivity
and 100 % specificity. The accuracy of the BD versus healthy control classification
was not provided, however. Similarly, Hahn and colleagues used three independent
fMRI paradigms in an attempt to maximize classification accuracy: the passive
viewing of emotionally valenced faces and two different versions of the monetary
incentive delay task emphasizing potential winnings and potential losses, respec-
tively (Hahn et al. 2011). A decision tree algorithm derived from the combination of
the imaging task classifiers produced a diagnostic sensitivity of 80 % and a spec-
ificity of 87 % in a sample of 30 patients with depression (both MDD and BD) and
30 healthy controls. The algorithm’s ability to distinguish subjects with MDD from
BD was not reported.

Another study applied a Gaussian Process Classifiers (GPCs) machine-based
learning approach to distinguish healthy adolescents with and without a parent with
BD from each other with 75 % sensitivity and 75 % specificity (Mourao-Miranda
et al. 2012). A discriminating pattern of BOLD activation was found in the superior
temporal sulcus and ventromedial PFC when subjects were presented with neutral
faces in the context of happy faces. Six out of 13 of the high-risk adolescents who
were followed clinically subsequently met DSM-IV criteria for MDD or an anxiety
disorder. These six individuals had higher GPC risk scores than the seven high-risk
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subjects who did not become ill. Conversely, three out of the four high-risk subjects
that the GPC algorithm incorrectly classified as low-risk remained healthy at
follow-up. While these sample sizes are small, the study highlights the potential
utility of such approaches for developing predictive biomarkers in samples at high
familial risk for BD.

8.4.2 Neuropathological Correlations in Mood Disorders

Most regions where MRI studies demonstrated volumetric abnormalities in BD
have also been shown to contain histopathological changes or GM volumetric
reductions in postmortem studies of MDD and BD. For example, reductions of
GM volume, thickness, or wet weight have been reported in the sgACC, postero-
lateral orbital cortex, and ventral striatum in MDD and/or BD subjects relative to
controls (Baumann et al. 1999; Bowen et al. 1989; Ongur et al. 1998; Rajkowska
et al. 1999). The histopathological correlates of these abnormalities included
reductions in synapses or synaptic proteins, reductions in glial cells, elevations in
neuronal density in some regions, and reductions in neuronal size in MDD and/or
BD samples (Ongur et al. 1998; Eastwood and Harrison 2000; Uranova et al. 2004;
Rajkowska and Miguel-Hidalgo 2007). Reductions in glial cell counts and density
and/or glia-to-neuron ratios were also found in MDD subjects versus controls in the
pgACC [BA24] (Cotter et al. 2001a), the dorsal anterolateral PFC (BA9) (Cotter
et al. 2002; Uranova et al. 2004), and the amygdala (Bowley et al. 2002; Hamidi
et al. 2004). Finally, the density of non-pyramidal neurons was decreased in the
ACC and hippocampus in BD (Benes et al. 2001; Todtenkopf et al. 2005), and in the
dorsal anterolateral PFC (BA9) of individuals with MDD (Rajkowska and Miguel-
Hidalgo 2007). Reductions in synapses and synaptic proteins were evident in BD
subjects in the hippocampal subiculum/ventral CA1 region (Eastwood and Harrison
2000; Czeh and Lucassen 2007).

The glial type that specifically differed between mood disordered and control
samples in many of these studies was the oligodendrocyte (Uranova et al. 2004;
Hamidi et al. 2004). Oligodendroglia are best characterized for their role in
myelination, and the reduction in oligodendrocytes may conceivably arise second-
ary to an effect on myelin, either through demyelination, abnormal development, or
atrophy in the number of myelinated axons. Notably, myelin basic protein concen-
tration was found to be decreased in the frontal polar cortex (BA 10) (Honer
et al. 1999), and the expression of genes related to oligodendrocyte function (i.e.,
genes that encoded structural components of myelin, enzymes involved in the
synthesis of myelin constituents or in the regulation of myelin formation, transcrip-
tion factors regulating other myelination-related genes, or factors involved in
oligodendrocyte differentiation) was decreased in the middle temporal gyrus in
MDD subjects relative to controls (Aston et al. 2005). Similarly, a quantitative PCR
analysis of BA 9 demonstrated a significant reduction in mRNA expression of
protein markers of myelination and oligodendrocyte function (Tkachev et al. 2003).
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Expression of proteolipid protein 1 (PLP1), myelin associated glycoprotein (MAG),
oligodendrocyte specific protein (CLDN11), myelin oligodendrocyte glycoprotein
(MOG), and transferrin (TF) were reduced by approximately two- to four-fold in BD
patients relative to psychiatrically healthy controls (Tkachev et al. 2003). Further,
expression of the OLIG2 and SOX10 genes, which code for transcription factors
involved in oligodendrocyte differentiation and maturation, was downregulated by
two- to three-fold in BD. Similarly, MacDonald and colleagues reported that mRNA
transcripts of oligodendrocyte-specific proteins such as gelsolin, MAG, and ERBB3
were downregulated in BD (MacDonald et al. 2006).

Compatible with these data, myelin staining was decreased in the deep WM of
the DLPFC in MDD and BD subjects (Regenold et al. 2007), and the WM volume
of the genual and splenial portions of the corpus callosum was abnormally reduced
in MDD and BD (Brambilla et al. 2004). These regions of the corpus callosum were
also smaller in child and adolescent offspring of women with MDD who had not yet
developed a mood disorder relative to age-matched controls, suggesting that the
reduction in WM in MDD reflects a developmental defect that exists prior to illness
onset (Martinez et al. 2002).

Finally, satellite oligodendrocytes were also implicated in the pathophysiology
of mood disorders by an electron microscopic study of the PFC in BD, which
revealed decreased nuclear size, clumping of chromatin, and other types of damage
to satellite oligodendrocytes, including indications of both apoptotic and necrotic
degeneration (Uranova et al. 2001; Vostrikov et al. 2007). Satellite oligodendro-
cytes are immunohistochemically reactive for glutamine synthetase, suggesting that
they function like astrocytes to take up synaptically released glutamate for conver-
sion to glutamine and cycling back into neurons (Janus et al. 2000).

In other brain regions, reductions in astroglia have been reported by postmortem
studies of mood disorders. In the frontal cortex, one study found that four forms of
the astrocytic product glial fibrillary acidic protein (GFAP) were decreased in
subjects with mood disorders relative to controls, although it was not determined
whether this decrement reflected a reduction in astrocyte density or GFAP expres-
sion (Johnston-Wilson et al. 2000). However, another study that used immunohis-
tochemical staining for GFAP found no significant differences in cortical astrocytes
between controls and MDD or BD cases (Webster et al. 2001). Other studies also
found no differences in GFAP between mood disorder cases and controls (Cotter
et al. 2001b).

Factors that may conceivably contribute to a loss of oligodendroglia in mood
disorders include elevated glucocorticoid secretion, microglial activation, and
glutamatergic transmission evident during depression and mania. Glucocorticoids
affect both glia and neurons (Cheng and de Vellis 2000), and elevated glucocorti-
coid concentrations and repeated stress decrease the proliferation of oligodendro-
cyte precursors (Alonso 2000; Banasr et al. 2004). Recent PET studies have found
evidence for microglial activation in the PFC and ACC of patients with MDD and
the hippocampus in patients with BD as indexed by an increase in the distribution of
volume of the ligand for the translocator protein ligand, TPSO (Setiawan
et al. 2015; Haarman et al. 2014). Activated microglia, in turn, releases the
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neurotoxin and NMDA receptor agonist quinolinic acid (QA) (Dantzer et al. 2008).
In line with these data, a postmortem immunohistochemistry study showed that
relative to controls, a mixed sample of MDD and BD subjects had increased
QA-positive cell densities in the anterior mid-cingulate cortex and sgACC,
suggesting microglial cell activation (Steiner et al. 2011). Activation of the
kynurenine pathway may affect the structure of regions such as the hippocampus
and medial PFC. We previously reported that the ratio of QA to kynurenic acid
(KynA) in the serum is inversely correlated with hippocampal and amygdalar
volume in both unmedicated and medicated patients with BD and have as yet
unpublished data showing an inverse correlation between QA and thickness of
the BA32 (Savitz et al. 2014a). Moreover, oligodendrocytes express o-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and kainate type glutamate
receptors and are sensitive to excitotoxic damage from excess glutamate (Hamidi
et al. 2004). The targeted nature of the reductions in GM volume and glial cells to
specific areas of the limbic—cortical circuits that show increased glucose metabo-
lism during depressive episodes is noteworthy given the evidence reviewed below
that the glucose metabolic signal is dominated by glutamatergic transmission.

8.4.3 Correlations with Rodent Models of Chronic
and Repeated Stress

In regions that appear homologous to the areas where GM reductions are evident in
humans with BD (i.e., medial PFC, hippocampus), repeated stress results in den-
dritic atrophy and reductions in glial cell counts or proliferation in rodents (Banasr
et al. 2004; Czeh et al. 2005; McEwen and Magarinos 2001; Wellman 2001; Radley
et al. 2008). In contrast, in the basolateral amygdala (BLA), chronic, unpredictable
stress also produced dendritic atrophy, but chronic immobilization stress instead
increased dendritic branching (Vyas et al. 2002, 2003).

Dendritic atrophy would be reflected by a decrease in the volume of the neuropil,
which occupies most of the GM volume. The similarities between the histopatho-
logical changes that accompany stress-induced dendritic atrophy in rats and those
found in humans suffering from depression thus led to the hypotheses that homol-
ogous processes underlie the reductions in GM volume in hippocampal and PFC
structures in MDD and BD (McEwen and Magarinos 2001). In rats, the stress-
induced dendritic atrophy in the medial PFC was associated with impaired modu-
lation (i.e., extinction) of behavioral responses to fear-conditioned stimuli
(Izquierdo et al. 2006; Miracle et al. 2006). Notably, healthy humans with thinner
ventromedial PFC tissue also showed a greater galvanic skin response to condi-
tioned stimuli during extinction learning (Milad et al. 2005). Finally, when rats
were subjected to repeated stress beyond four weeks, the dendritic atrophy could be
reversed by lithium (McEwen and Magarinos 2001), resembling the effects on
sgACC volume in depressed humans.



156 J. Savitz et al.

In rodent stress models, these dendritic reshaping processes depend on interac-
tions between increased NMDA receptor stimulation and glucocorticoid secretion
associated with repeated stress (Wellman 2001; McEwen and Magarinos 2001).
Elevations of glutamate transmission and cortisol secretion in mood disorders also
may contribute to reductions in GM volume and synaptic markers by inducing
dendritic atrophy in some brain structures, given that the depressive subtypes (e.g.,
BD, FPDD) who show regional reductions in GM volume also show evidence of
cortisol hypersecretion under stressed conditions (reviewed in Drevets
et al. (2002a)) and increased glutamate transmission. Subjects with familial BD
also show elevations of glucose metabolism, which largely reflect glutamate trans-
mission (see above) in the medial and orbital PFC, amygdala, and cingulate cortex
regions that show reductions in GM volume and cellular elements. The findings that
GM reductions appear to occur specifically in regions that show hypermetabolism
during BD thus raise the possibility that excitatory amino acid transmission plays a
role in the neuropathology of BD.

8.4.4 Implications for Treatment Mechanisms that Target
Plasticity Around the Glutamatergic Synapse

Reverberatory glutamatergic transmission is thought to underlie the pathophysio-
logical activation of limbic-thalamo-cortical circuits of the medial prefrontal
(visceromotor) network in BD and MDD (Savitz et al. 2014a, b). The anatomical
projections between the OMPFC, striatum, and amygdala implicated in mood
disorders are formed by predominantly excitatory projections (Ongur et al. 2003).
Because cerebral glucose metabolism largely reflects the energy requirements
associated with glutamatergic transmission (Shulman et al. 2004), elevated metab-
olism in limbic-thalamo-cortical circuits in depression would imply that
glutamatergic transmission is increased in these circuits (Drevets et al. 1992).
Compatible with this hypothesis, postmortem studies of the NMDA receptor
complex and other elements of the glutamatergic synapse in suicide victims show
changes in synaptic gene expression and sensitivity that putatively reflect compen-
satory responses to abnormally elevated excitatory signaling in depression; these
data implicate disturbances in glutamate metabolism, NMDA, and mGluR1,5
receptors in depression and suicide and suggest that glutamatergic transmission is
increased in the PFC antemortem (Paul and Skolnick 2003; Duric et al. 2013).
Furthermore, increased levels of glutamate have been found in postmortem tissue of
the frontal cortex of individuals with MDD or BD (Hashimoto et al. 2007).
Additional postmortem data suggest that the impairment in glutamate transport
results in excessive or dysregulated glutamate receptor signaling. Glutamate reup-
take is critical for regulating glutamate concentrations in the synaptic cleft and
maintaining normal synaptic activity. Evidence for impaired glutamate reuptake in
mood disorders has been obtained in postmortem studies of mood disorders by
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direct measures of reduced glutamate transport by astroglia (Chandley et al. 2013;
Rajkowska and Stockmeier 2013), reduced expression of glial excitatory amino
acid transporters 1 and 2 (EAAT1 and EAAT?2), and reductions in cell counts,
density, and gene expression of the astrocyte and perineuronal oligodendroglia that
express EAATs and glutamine synthetase (Miguel-Hidalgo et al. 2010; Kim and
Webster 2010; Pitt et al. 2003). Microarray analysis of anterior cingulate and
dorsolateral PFC (BA9, 46) tissue obtained from MDD patients postmortem dem-
onstrated concomitant downregulation of EAATI1 (SLC1A3) and EAAT2
(SLC1A2) along with decreased expression of glutamine synthetase (L-glutamate—
ammonia ligase), the enzyme that converts glutamate to glutamine (Choudary
et al. 2005). The mechanisms that may potentially impair EAAT function in
patients with mood disorders include glial cell dysfunction and loss, which some
evidence suggests may arise secondary to the elevated release of glucocorticoid
hormones and proinflammatory cytokines extant in subgroups of patients with
mood disorders (Pitt et al. 2003; Boehmer et al. 2006; Boycott et al. 2008).

Notably, the astrocyte-based glutamate transporter GLT-1 (aka. EAAT-2) is
thought to be responsible for nearly 90 % of glutamate uptake in the brain, and
the importance of this and other glial-based glutamate transporters in the develop-
ment of depressive behaviors is supported by preclinical models. In rodents, the
local infusion of the astrocyte-specific toxin L-alpha-aminoadipic acid into the
medial PFC induced depression-like behaviors (in contrast, infusion of ibotenic
acid, a neuronal toxin, had no effect in this model) and pharmacological blockade of
astrocytic glutamate uptake by dihydrokainic acid, an EAAT2 (GLT-1) inhibitor,
induced anhedonia-like behavior (Banasr and Duman 2008). Moreover, Banasr and
colleagues showed that chronic stress impairs cortical glial function in rodents in
association with depression-like behaviors and impaired glutamate metabolism and
that the cellular, metabolic, and behavioral alterations induced by chronic
unpredictable stress were reversed and/or prevented by chronic administration of
riluzole, which increases the expression of the astrocyte-based glutamate trans-
porter GLT-1 (aka. EAAT-2) (Banasr et al. 2010). Riluzole also reversed
depressive-like symptoms induced by chronic stress and in the olfactory
bulbectomy model (reviewed in Pilc et al. (2013)).

Reverberatory glutamatergic transmission may also be a downstream effect of
circuits being released from inhibition. For example, mRNA expression of
parvalbumin (PV), a putative marker for a subset of GABA neurons that powerfully
inhibits pyramidal cells via innervation at the cell soma and axon initial segment
(Markram et al. 2004; Lewis et al. 2012), was reduced in postmortem samples of
DLPFC from individuals with BD (Sibille et al. 2011). This study suggests that
GABA neurotransmission in at least a subset of local circuit neurons is attenuated;
however, the functional implications are not well understood. In addition to disin-
hibition of pyramidal neurons, other studies found that PV-containing interneurons
are critical for generating gamma oscillations (Gonzalez-Burgos et al. 2015;
Gonzalez-Burgos and Lewis 2008), which are implicated in normal cortical func-
tion (e.g., working memory (Yamamoto et al. 2014)). Interestingly, expression of
mRNA for neuronal activity-regulated pentraxin (NARP), a protein that is secreted
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at presynaptic glutamate synapses that terminate on PV-containing interneurons, is
reduced in the DLPFC of subjects with BD (Kimoto et al. 2015), suggesting that
excitatory drive onto this interneuron subclass is disrupted; this, in turn, could lead
to a disruption of gamma oscillations and associated cortical function.

Such a pathophysiological process may contribute to reverberatory excitatory
transmission, which in the presence of the diminished excitatory amino acid
transporter function and expression found in MDD and BD postmortem, may
conceivably result in glutamate-induced excitotoxicity. Such a mechanism could
account for the GM loss and accompanying histopathological changes in mood
disorders, such as losses of neuropil (Stockmeier et al. 2004) and glial cells (Ongur
et al. 1998). Chronic activation of AMPA receptors is neurotoxic and could be
related to the reduced volume of the hippocampus and medial PFC that appears
early in the course of depression but then becomes more prominent over the course
of chronic or recurrent depressive episodes (Price and Drevets 2012; Stockmeier
et al. 2004). Clinical correlations with these MRI data indicate that GM reductions
are associated with disease recurrence and chronicity. The findings of reduced GM
volume in association with impaired glutamate transport, dendritic atrophy, syn-
apse loss, and cellular loss (especially of glia and interneurons) have led to
hypotheses that dysregulation of glutamatergic signaling results in reverberatory
activity in limbic-thalamo-cortical circuits implicated in mood disorders (Price and
Drevets 2012).

The in vivo MRS literature highlights intriguing differences between MDD and
BD within the glutamatergic system. The results of proton MRS studies have
largely shown a decrease in Glx (which is constituted predominantly by the
intracellular components of glutamate and glutamine), particularly within the
medial PFC and DLPFC in depressed patients with MDD, but an increase in the
Glx signal in BD (Yuksel and Ongur 2010; Taylor et al. 2009; Hasler et al. 2007). In
addition, the MRS data differentiate depression from mania based on the ratio of
glutamine to glutamate, which is abnormally reduced in studies of depression (both
MDD and BD) but elevated in mania. These patterns suggest that the glutamate-
related metabolite pool (only part of which is relevant to neurotransmission) is
constricted in MDD and expanded in BD, but that depressive and manic episodes
may be characterized by modulation of the glutamine/glutamate ratio in opposite
directions, possibly suggesting reduced versus elevated glutamate conversion to
glutamine by glial cells, respectively (Yuksel and Ongur 2010). Finally, studies
showing that MRS measures of GABA are abnormally decreased in MDD suggest a
decrease in GABAergic signaling (Sanacora et al. 1999; Hasler et al. 2007).

8.4.4.1 Antidepressant and Mood Stabilizing Drug Effects
on Glutamatergic Transmission

In mood disorders, several experimental and conventional treatments may exert
their clinical effects via mechanisms that depend on altering glutamatergic trans-
mission. As described above, riluzole, which increases the expression of the
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astrocyte-based glutamate transporter GLT-1 (EAAT-2), appeared effective as
adjunctive and monotherapy for treatment-resistant depression and as adjunctive
therapy for bipolar depression, mainly in open-label studies (Zarate et al. 2004;
Yuksel and Ongur 2010). In addition, lamotrigine is an anticonvulsant that reduces
glutamate release via sodium, calcium, and potassium channel modulation and has
shown efficacy as a mood stabilizer in BD, especially for prevention of depressive
episodes and as adjunctive therapy for both BD and MDD (Yuksel and Ongur
2010). Notably, a single, subanesthetic dose infusion of ketamine has been shown to
have rapid and potent antidepressant effects in treatment-resistant MDD and BD
patients (Lee et al. 2015; Ionescu et al. 2015; McGirr et al. 2015; Zarate et al. 2012).
Further, antidepressant and mood stabilizing drugs that have diverse primary
pharmacological actions are hypothesized to have a final common pathway of
reducing NMDA receptor sensitivity and/or transmission, and many of these agents
also increase GABA levels or transmission (Krystal et al. 2002; Paul and Skolnick
2003). For example, chronic treatment with some conventional antidepressant
drugs reduces both glutamate release in the rat brain and NMDA receptor subunit
expression in depressed humans (Bonanno et al. 2005; Golembiowska and
Dziubina 2000; Paul and Skolnick 2003), suggesting that a persistent effect that
modulates dysregulation of glutamate release can maintain antidepressant effects.
Compatible with these data, during effective antidepressant drug or electrocon-
vulsive therapy, glucose metabolic activity decreases in the regions of the extended
visceromotor network (Table 8.1; (Drevets et al. 2002b, 2004)), which would be
expected if treatment-induced NMDA receptor desensitization modulated
glutamatergic transmission (Paul and Skolnick 2003). As described in the ensuing
sections, elevated glutamatergic transmission within discrete anatomical circuits
may partly explain the targeted nature of GM changes within mood disorders (e.g.,
affecting left more than right sgACC) (McEwen and Magarinos 2001; Drevets and
Price 2005), so one important mechanism of effective treatment in bipolar depres-
sion may involve modulation of excessive excitatory transmission (McEwen and
Magarinos 2001).

In contrast, preclinical data suggest that the mechanism underlying the anti-
depressant effect of acute administration of ketamine and some other NMDA receptor
antagonists, which persist for at least several days beyond the clearance of the drug
from the plasma in some BD and MDD patients, instead may depend on a transient
disinhibition of glutamate release that stimulates a persistent effect on synaptic
plasticity. Duman and colleagues found that a single administration of ketamine can
reverse the loss of synapses and synaptic function induced by repeated stress by
inducing synaptogenesis in the medial PFC (Abdallah et al. 2015). Conceivably,
ketamine’s antidepressant effect in MDD and BD may reflect such an effect on
synaptic plasticity that addresses the histopathological changes in mood disorders,
but that may be initiated and potentially maintained by acute administration
followed by pulsed, as opposed to chronic, treatment.
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8.5 Neuroreceptor Imaging in Bipolar Depression

Of the neurochemical systems that modulate neural transmission within the
visceromotor network, mood disorders have been associated with abnormalities
of serotonergic, dopaminergic, noradrenergic, cholinergic, glutamatergic,
GABAergic, glucocorticoid, and peptidergic (e.g., corticotrophin releasing factor,
CRF) functions. Some receptors of the monoaminergic neurotransmitter systems
have been imaged in BD using PET or SPECT.

8.5.1 Serotonergic System

The central serotonin (5-HT) system has received particular interest in depression
research because selective serotonin reuptake inhibitors (SSRIs) exert antidepres-
sant effects and because some other antidepressant drug classes also increase
postsynaptic 5-HT ;5 receptor transmission (Drevets et al. 2007). This effect of
antidepressant drugs may augment endogenous serotonin release during the stress
of depression, analogous to the enhanced serotonergic transmission that occurs in
some brain regions during stress in rodents (Cannon et al. 2007; Barton et al. 2008).
Enhancement of serotonin transmission in MDD also may compensate for abnor-
malities in density and sensitivity of some serotonin receptor subtypes evidenced by
postmortem, neuroimaging, and pharmacological challenge studies of depression
(Stockmeier 2003; Drevets et al. 2007). For example, postsynaptic 5-HT 5 receptor
binding or mRNA expression is decreased in the insula, hippocampus, cingulate,
parieto-occipital, and orbital/ventrolateral prefrontal cortices in some neuroimag-
ing studies of MDD and BD (Drevets et al. 2007; Bhagwagar et al. 2004; Sargent
et al. 2000; Hirvonen et al. 2008). Of note is our group’s recent replication of our
previous findings using a slightly different methodology. Specifically, we found
that mean 5-HT 5 receptor binding potential (measured by BPp as well as BPyp)
was significantly lower in BD subjects compared to controls in cortical regions
where 5-HT receptors are expressed postsynaptically, most prominently in the
mesiotemporal cortex (Nugent et al. 2013). Further, BPp in the mesiotemporal
cortex was inversely correlated with trough plasma cortisol levels, consistent with
preclinical literature indicating that hippocampal 5-HT;s receptor expression is
inhibited by glucocorticoid receptor stimulation (Nugent et al. 2013).

These data receive support from a PET study of previously healthy subjects
exposed to a severe recent stressor. Compared with nonstressed subjects, stressed
subjects displayed reduced binding in the ACC, insula, and hippocampus, with a
trend toward significance in the amygdala, DLPFC, parietal cortex, temporal
cortex, and raphe (Jovanovic et al. 2011). In addition, a reduction in 5-HT;4
receptor distribution volume (V1) was found in the raphe nuclei, amygdala, hippo-
campus, and ACC in a PET study of subordinate cynomolgus monkeys who showed
behavioral signs of depression after exposure to social defeat (Shively et al. 2006).
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In postmortem studies, 5-HT;5 receptor binding was increased in the rostral,
ventrolateral, and dorsal subnuclei of the raphe but decreased in the caudal sub-
nucleus of the raphe (Boldrini et al. 2008; Stockmeier et al. 1998).

Although the interruption of 5-HT 5 receptor function during neurodevelopment
has been shown to persistently alter the function of emotion-modulating systems in
genetically engineered mice (Gross et al. 2002), the reduction in postsynaptic
5-HT; s receptor binding and mRNA expression in mood disorders may arise
secondary to cortisol hypersecretion (Lopez et al. 1998). 5-HT 5 receptor mRNA
expression and density are tonically inhibited by glucocorticoid receptor stimu-
lation. In experimental animals, elevated CORT secretion during chronic or
repeated stress resulted in reduced 5-HT o receptor density and mRNA expression
(Lopez et al. 1998; Flugge 1995). Thus, the mood disordered subgroups with
reduced postsynaptic 5-HT;, receptor binding may be limited to those with a
diathesis to hypersecrete cortisol (e.g., Lopez et al. (1998), Drevets et al. (1999,
2007)).

Altered serotonin transporter (5-HTT) function is also thought to play a role in
the pathophysiology of mood disorders (Cannon et al. 2006b; Stockmeier 2003).
For example, depressed BD subjects showed elevated S-HTT binding in the stri-
atum, thalamus, and insula, as well as reduced binding in the vicinity of the pontine
raphe (Cannon et al. 2006b, 2007) (Fig. 8.2). PET studies performed using 5-HTT
radioligands with high selectivity for 5-HTT sites, such as [''C]DASB, similarly
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Fig. 8.2 Serotonin transporter binding is reduced in bipolar depression. This section from a voxel-
wise analysis of [''C]JDASB parametric binding potential images shows regions where individuals
with bipolar disorder (BD) have reduced serotonin transporter (5-HTT) binding relative to controls
at p < 0.05 (right panel), together with a schematic illustration showing approximate locations of
the raphe nuclei within the brainstem (left panel; after Carpenter and Sutin (1983)). Reproduced
with permission from Cannon et al. (2006b)
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reported abnormally increased 5-HTT binding in the striatum, thalamus, insula, and
ACC of individuals with early onset MDD and/or those MDD patients with
negativistic attitudes; however, the reduction in 5-HTT binding in the pontine
raphe found in individuals with bipolar depression did not extend to MDD cases
(Cannon et al. 2007). Nevertheless, although another study found no difference in
5-HTT binding between MDD patients and healthy controls, scores on the Dys-
functional Attitude Scale were correlated positively with 5-HTT binding in the
PFC, ACC, putamen, and thalamus (Meyer et al. 2004). The possible increase in
5-HTT binding in BD is also consistent with increases in 5-HTT binding in the
DLPFC, amygdala, hypothalamus, raphe, and posterior cingulate cortex in clini-
cally depressed patients with Parkinson’s disease (PD) (Politis et al. 2010; Boileau
et al. 2008).

8.5.2 Dopamine Receptor Imaging

Neuroimaging studies have discovered abnormalities involving multiple aspects of
the central dopaminergic system in depression, which converge with other types of
evidence to implicate this system in the pathophysiology of mood disorders.
However, few of these studies specifically assessed bipolar depression. With
respect to dopamine D1 receptors, Suhara and colleagues reported that binding of
[”C]SCH-23990 was decreased in the frontal cortex of BD subjects studied in
various illness phases, a finding that awaits replication using more selective D,
receptor ligands (Suhara et al. 1992). [''C]SCH-23390 displays poor specificity,
which potentially compromises the reliability of the D; receptor measurement in
extrastriatal areas such as the frontal cortex, where the density of these receptors is
significantly lower than in the striatum. In a postmortem study, the percentage of
DI1-expressing neurons together with D1 mRNA expression was reported to be
increased by 25% in the CA3 region of the hippocampus (Pantazopoulos
et al. 2004) in BD subjects versus controls, but did not differ from controls in the
amygdala of MDD subjects (Xiang et al. 2008).

Pearlson and colleagues showed that psychotic individuals with BD had
increased striatal uptake of the dopamine D2/D3 receptor ligand, [''C]-N-
methylspiperone, relative to healthy controls and nonpsychotic individuals with
BD but that the nonpsychotic BD cases did not differ from healthy controls
(Pearlson et al. 1995). In contrast, no difference in the binding of the more selective
ligand, ["'C]raclopride, was found between manic patients with BD and healthy
controls (Yatham et al. 2002). Similarly, a SPECT-['**I]IBZM study found no
difference in striatal dopamine D2/D3 receptor binding at baseline, and no differ-
ence in change in ['*’I]IBZM binding under amphetamine challenge between
medicated, euthymic BD patients and healthy controls (Anand et al. 2000). It is
unclear if D2 receptor binding differs in subjects with MDD compared to
BD. Unmedicated MDD patients with motor retardation displayed increased bind-
ing in the caudate and striatum compared with healthy controls (Meyer et al. 2000).
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Regarding the dopamine transporter, DAT, decreased binding was reported in
the caudate, but not the putamen of BD patients relative to healthy controls (Anand
et al. 2011), raising the possibility that abnormalities of dopamine reuptake consti-
tute a risk factor for the development of BD.

8.5.3 Cholinergic System

The cholinergic system is also implicated in the pathophysiology of mood disor-
ders, with evidence indicating that the muscarinic cholinergic system is overactive
or hyperresponsive in depression. Janowsky and colleagues (1994) reported that
increasing cholinergic activity using the acetylcholinesterase inhibitor, physostig-
mine, resulted in the rapid induction of depressive symptoms in currently manic BD
subjects and in a worsening of symptoms in individuals with MDD. The adminis-
tration of the M,R antagonist, procaine, elicited emotional responses in humans
ranging from sadness, fear, and severe anxiety to euphoria and increased the
physiological activity of the cingulate cortex (Benson et al. 2004; Ketter
et al. 1996), a region densely innervated by cholinergic projections. In individuals
with bipolar depression, decreased MR binding has been reported in the cingulate
cortex (Cannon et al. 2006a) (Fig. 8.3). This finding appeared attributable to an
interaction involving genetic variation in the cholinergic-muscarinic type
2 (M2) receptor gene (CHRM2). A differential impact of the M2-receptor poly-
morphism at rs324650 on the V1 of the M2 receptor was evident in individuals with
BD versus healthy controls, such that the BD subjects homozygous for the T-allele
showed markedly lower Vi (by 27-37 % across regions) than healthy controls of the
same genotype (Cannon et al. 2011). Post hoc analyses suggested that within the
BD sample, T homozygosity was associated with a more severe illness course.
Multiple MR gene polymorphisms have been associated with increased risk for
developing major depressive episodes (Cannon et al. 2011), but thus far, these
single nucleotide polymorphisms (SNPs) have not been associated with
BD. Finally, the muscarinic cholinergic receptor antagonist, scopolamine, exerts
rapid and robust antidepressant effects in depressed MDD and BD patients,
although the ~24 hour delay in onset of these effects raises the possibility that a
secondary mechanism of action underlies the antidepressant response (Furey and
Drevets 2006). Preclinical evidence suggests that this antidepressant effect depends
on the induction of synaptic plasticity changes analogous to those induced by
ketamine administration (Duman 2014).
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Fig. 8.3 Reduced muscarinic type 2 (M2) receptor binding in the cingulate cortex in individuals
with bipolar depression relative to healthy controls. The statistical parametric map shows voxel ¢-
values corresponding to areas where the uptake of ['*F]FP-TZTP, a PET radioligand that selec-
tively binds M2 receptors, was significantly reduced (at p < 0.005) in individuals with bipolar
depression relative to healthy controls. The areas of maximal difference between groups were
located in the anterior cingulate cortex. Reproduced from Cannon et al. (2006a)

8.6 Implications for Neurocircuitry Models of Depression

Taken together, the neuropathological, neurochemical, and neurophysiological
abnormalities extant within the extended visceromotor network may impair this
network’s modulation of autonomic, endocrine, immune, neurotransmitter, emo-
tional, and cognitive responses to aversive and reward-related stimuli or contexts
(Ongur et al. 2003), potentially accounting for the disturbances within these
domains seen in BD (Fig. 8.4). The neuroimaging abnormalities in the VLPFC,
OFC, sgACC, pgACC, amygdala, ventral striatum, and medial thalamus evident in
BD implicate a limbic-thalamo-cortical circuit involving the amygdala, the
mediodorsal nucleus of the thalamus (MD), and the OMPFC, and a limbic—striatal—
pallidal—thalamic circuit involving related parts of the striatum and ventral
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Fig. 8.4 Anatomical circuits involving the orbitomedial PFC (OMPFC) and amygdala reviewed
within the context of a model in which OMPFC dysfunction results in disinhibition of limbic
transmission through the amygdala, yielding the emotional, cognitive, endocrine, autonomic, and
neurochemical manifestations of depression. The basolateral amygdala sends efferent projections
to the central nucleus of the amygdala (ACe) and the bed nucleus of the stria terminalis (BNST).
The efferent projections from these structures to the hypothalamus, periaqueductal gray (PAG),
nucleus basalis, locus coeruleus, raphe, and other diencephalic and brainstem nuclei then organize
the neuroendocrine, neurotransmitter, autonomic, and behavioral responses to stressors and emo-
tional stimuli (Davis and Shi 1999; LeDoux 2003). The OMPFC shares reciprocal projections with
all of these structures (although only the connections with the amygdala are illustrated), which
function to modulate each component of emotional expression (Ongur et al. 2003). Impaired
OMPEFC function may thus disinhibit or dysregulate limbic outflow through the ACe and BNST.
Solid white lines indicate some of the major anatomical connections between structures, with
closed arrowheads indicating the direction of projecting axons. Solid yellow lines show efferent
pathways of the ACe and BNST, which are generally monosynaptic, but in some cases are
bisynaptic connections (e.g., Herman and Cullinan (1997)). Other abbreviations: 5-HT—seroto-
nin; ACh—acetylcholine; DA—dopamine; DL—dorsolateral column of PAG; N—nucleus, NE—
norepinephrine; NTS—nucleus tractus solitarius; PVN—paraventricular N of the hypothalamus;
VL—ventrolateral column of PAG; VTA—ventral tegmental area. Reproduced with permission
from Drevets (2007)

pallidum along with the components of the other circuit (Drevets et al. 1992). The
first of these circuits can be conceptualized as an excitatory triangular circuit
(Fig. 8.4), whereby the BLA and the OMPFC are interconnected by excitatory
(especially glutamatergic) projections with each other and with the MD (Drevets
and Price 2005), so increased glucose metabolism in these structures would
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presumably reflect increased synaptic transmission through the limbic-thalamo-
cortical circuit.

The basolateral nuclei of the amygdala send anatomical projections to the central
nucleus of the amygdala (ACe) and the BNST, and projections from these structures
to the hypothalamus, PAG, locus coeruleus, raphe, nucleus basalis, and other
diencephalic and brainstem nuclei play major roles in organizing neuroendocrine,
neurotransmitter, autonomic, and behavioral responses to stressors and emotional
stimuli (Davis and Shi 1999; LeDoux 2003). The OMPFC sends overlapping pro-
jections to each of these structures and to the amygdala that function to modulate
each component of emotional expression (Price and Drevets 2010). The neuro-
pathological changes evident in the OMPFC in BD and mood disorders arising
secondary to neurological disorders may thus impair the modulatory role of the
OMPFC over emotional expression, disinhibiting or dysregulating limbic responses
to stressors and to social and emotional stimuli (Drevets and Price 2005; Price and
Drevets 2012). These data suggest that during depressive episodes, the increased
activity seen within some OMPFC areas reflects a compensatory response that
modulates depressive symptoms and that impaired function of these emotion
regulatory regions (possibly due to the neuropathological changes in BD) may
result in more severe and treatment-refractory illness (Phillips et al. 2008).

8.7 Summary

Convergent results from studies conducted using neuroimaging, lesion analysis,
and postmortem techniques support models in which the clinical phenomenology of
BD emanates from dysfunction affecting the extended medial prefrontal network
that interferes with this system’s modulation of visceromotor and emotional behav-
ior (Savitz et al. 2014b). At a molecular level, these abnormalities may be partly
driven by a dysregulation of glutamatergic neurotransmission that in turn may
ultimately be related to inflammatory processes. Mood stabilizing and antidepres-
sant therapies may compensate for this dysfunction by attenuating pathological
excitatory transmission in cortico-limbic circuits (Drevets et al. 2002a) and increas-
ing expression of neurotrophic/neuroprotective factors that preserve the structure
and function of the OMPFC (Manji et al. 2001).
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Chapter 9
Pharmacological Treatment of Acute Bipolar
Depression

Gary S. Sachs

Abstract Controversy regarding management of the acute phase of bipolar depres-
sion largely reflects the natural divergence of opinions arising from large gaps in
knowledge and the fact that no medication is particularly effective in this popula-
tion. While there remains a great need for more and better evidence from high-
quality studies to close the gaps, the past decade has seen the publication of a
substantial number of fully powered placebo-controlled trials for bipolar depres-
sion, including several new agents. This chapter addresses the challenges of treating
bipolar depression by describing a general schema consisting of principles for
iterative personalized care that can be applied to an evolving knowledge base.
This chapter also reviews the state of the evidence supporting various pharmaco-
logical treatments for bipolar depression, including quetiapine, lurasidone,
lamotrigine, olanzapine, olanzapine plus fluoxetine (OFC), modafinil, armodafinil,
lithium, valproate, carbamazepine, ketamine, N-acetyl cysteine (NAC), inositol,
pramipexole, riluzole, and standard antidepressants, among others. Currently, five
medications are supported by Category A criteria. In order of the strength of support
evidence, these are quetiapine, lurasidone, olanzapine, OFC, and lamotrigine.
Regardless of whether patients accept these treatments or begin with alternatives,
a measurement-based approach to treatment provides a systematic means of work-
ing toward an optimized individual treatment plan.
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9.1 Introduction

The preference for prescribing proven treatments over unproven treatments is a
core principle of evidence-based clinical practice. Practitioners recognize that
patients seeking treatment for any condition have the right to be informed with
regard to interventions with proven efficacy. This right, articulated by Klerman in
testimony and publications (Klerman 1990), was the product of professional debate
arising from litigation brought by a patient suffering from manic depression and
gave modern psychiatric care a firmer scientific foundation. Treatment recommen-
dations can no longer be based solely on the practitioner’s “school of thought,” but
instead grant primacy to the best available clinical trial data. In short, though we
acknowledge that an unproven treatment is not necessarily ineffective, maintaining
knowledge of proven treatments is a duty owed to our patients.

Bipolar depression remains a clinical challenge. Debate over its treatment
continues into the twenty-first century (Pacchiarotti et al. 2013). Although abnor-
mal mood elevation is the cardinal diagnostic feature of bipolar disorder (BD),
depression is more than three times as common as episodes of mood elevation and
represents the doorway through which BD patients most often enter treatment (Judd
et al. 2003).

Controversy regarding management of the acute phase of bipolar depression
largely reflects the natural divergence of opinions arising from large gaps in knowl-
edge. While there remains a great need for more and better evidence from high-
quality studies to close the gaps, the past decade has seen the publication of a
substantial number of fully powered placebo-controlled trials for bipolar depression,
including several new agents. While additional clinical trials are certainly welcome,
alone they are insufficient to meet clinical needs because applying results from
populations of clinical trial subjects to individual patients is fraught with problems.
This chapter addresses the challenges of treating bipolar depression by describing a
general schema consisting of principles for iterative personalized care that can be
applied to an evolving knowledge base. This chapter also reviews the state of the
evidence supporting various pharmacological treatments for bipolar depression.

9.2 Approach to Clinical Management

9.2.1 Recognition that Bipolar Depression Is Inherently
Difficult to Treat

By definition, patients with bipolar depression meet criteria for a current major
depressive episode and a lifetime history of BD. To diagnose bipolar depression, a
clinician must determine that the patient has experienced clinically significant
abnormal mood elevation and energy levels in the past. Confident diagnosis of
bipolar depression requires identifying at least one specific past episode meeting
criteria for mania or hypomania. Thus, the process leading to appropriate treatment
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requires recognition of a clinical state that can only be assessed retrospectively at
the time the patient presents for treatment.

Overreliance on retrospective assessment limits the reliability of lifetime mood
disorder diagnosis and likely accounts for much of the uncertainty inherent to
diagnosing BD. In a rigorous epidemiological study, Takayanagi and colleagues
found that diagnosis based on recall for past episodes of psychiatric illness was
associated with under-recognition by a factor of two to 12 times compared to rates
based on cross-sectional reporting (Takayanagi et al. 2014). In contrast, the reli-
ability of current mood states is encouraging. Data from field trials for DSM-IV and
DSM-5 showed high rates of agreement for acute mania (Keller et al. 1996), but
these studies did not assess the reliability of eliciting a past history of mania or
hypomania from a currently depressed patient.

Guidelines and quality standards are beginning to recognize the benefit of
repeated formal longitudinal assessment and the importance of inquiring about a
past personal or family history of mania when assessing every patient with acute
depression (Johnson and Brickman 2006). BD cannot be ruled out based on a single
self-report or in the absence of input from collateral sources, particularly in the face
of severe acute depression (Bowden 2001). Care of bipolar depression can be
greatly facilitated by clear documentation in the medical record of an index episode
of hypomania or mania.

9.2.2 Principles for Combining Evidence from Randomized
Controlled Trials and Clinical Empiricism in Treating
Bipolar Depression: An Alternative to Guidelines
and Algorithms

The sparse use of algorithms and guidelines is understandable. Clinicians recognize
that static official consensus guideline documents are often out of date by the time
of their publication, seldom acknowledge important gaps in knowledge, and mostly
offer general recommendations of questionable relevance to individual patients.
The alternative model presented here (see Fig. 9.1) is adapted from the general
treatment schema used in the Systematic Treatment-Enhancement Program for
Bipolar Disorder (STEP-BD) study (Sachs 2004b, 2007). This model is based on
principles of collaborative care and encourages clinicians to offer an initial set of
choices for their patients based on the clinician’s knowledge of “proven treatments”
and pertinent individual factors. Clinical empiricism then drives iterative changes
to the treatment plan based on actual prospective outcomes that reveal the patient’s
pattern of response, adverse effect tolerance, and personal preferences.

As seen in Fig. 9.1, the iterative process starts with the critical decision point at
the start of an acute episode of bipolar depression. The collaborative treatment
model assumes the patient meets formal diagnostic criteria for BD, meets criteria
for a current major depressive episode, and that one of the patient’s objectives is to
receive treatment for the depressive episode.
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Fig. 9.1 Schema for treatment of bipolar depression: combining evidence and clinical empiri-
cism. Permission granted—Sachs G. 2015

9.2.3 Formulate a Menu of Reasonable Choices

After making the diagnosis, the clinician’s next task is to formulate a personalized
menu of reasonable choices. The menu of reasonable choices consists of two to four
options selected by the clinician after considering both the best available evidence
pertaining to the treatment of bipolar depression and individual factors (i.e., the
clinician’s knowledge of the patient). Evidence-based practice recognizes an
implicit duty to at least offer proven treatments first (Klerman 1990). Clinicians
can meet this duty by maintaining a working knowledge of proven treatments
defined in Table 9.2 as “Category A” treatments and being aware of the key
individual characteristics of their patients relevant to treatment choice. At a min-
imum, this will include the patient’s history of prior treatment response, adverse
effect tolerance, pertinent general medical conditions, and personal preferences.
Essential to collaborative care is the concept of having a plan with shared
decision making, communication with other professionals, and communication
with any supports the patient designates as care partners. Including the patient as
an active agent in his or her own care requires an engaged, well-informed patient,
some time for education, and negotiation skills. Given the opportunity, patients and
their care providers are often motivated to make a well-informed selection from the
menu of reasonable choices and participate in a variety of self-management strat-
egies. Revicki and colleagues showed that BD patients are generally able to weigh
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the risk benefit tradeoffs presented by clinicians, which is requisite for collaborative
patient participation in formulating a treatment plan (Revicki et al. 2005). Thus,
patients who do not respond to a treatment can be offered each of the reasonable
options in a sequence based on the patient’s preference.

9.2.4 Integrate Routine Outcome Measurement into
the Management Plan: Guidance Based on Clinical
Empiricism

After patients have agreed to use a medication, it is useful to agree on metrics for
measuring progress (Rush et al. 2003, 2006). By integrating measurement into the
management plan, the clinician can accumulate prospective outcomes that provide
management guidance personalized for each patient. As definitive outcomes are
recorded and augment the individual factors known to the clinician, the menu of
reasonable choices is then revised with guidance from the process of clinical
empiricism.

While formal depression severity scales such as the Hamilton Depression Rating
Scale or self-report scales like the Inventory of Depressive Symptoms have the
virtue of generating numbers that may relate to published research findings, even
raw symptom counts help navigate the complex and changing clinical course. The
clinical monitoring form and waiting room self-report form used at the Massachu-
setts General Hospital Bipolar Clinic are available at www.manicdepressive.org
and www.ccihub.com. In addition, many mood tracking apps are now available for
smart phones. Assessing the benefit of an intervention may employ many other
formal scales or may consist of simply documenting serial judgments made in
reference to a patient’s personal goals.

9.2.5 Aim to Carry Out Each Intervention to a Definitive
Endpoint

The process of clinical empiricism moves forward when interventions are carried
out to one of three definitive endpoints: treatment is effective, ineffective, or
intolerable. Inconclusive outcomes, however, may result when tolerable interven-
tions are curtailed without adequate dose or duration or are simply rejected as
unacceptable. As the outcome of each intervention is evaluated, beneficial treat-
ments are retained and ineffective or intolerable treatments are withdrawn.
Several lines of evidence support the rationale for continuing well tolerated,
efficacious treatments and replacing treatments that are ineffective and/or poorly
tolerated (Altshuler et al. 2009; Amsterdam and Shults 2010; Tohen et al. 2006).
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9.2.6 Harness the Predictive Value of Early Outcomes

Importantly, several studies have indicated that a patient’s record of response to
treatment has impressive predictive value. For subjects (N =3369) enrolled in
10 placebo-controlled pivotal trials for bipolar depression, Calabrese and col-
leagues examined the value of “early response” (defined as improvement in the
Depression scale score of at least 20 % from baseline after two weeks of treatment)
for predicting the probability of response and remission at the end of each study
(seven to 10 weeks of treatment) (Calabrese et al. 2010a). The most compelling
finding in this analysis was the high negative predictive value associated with not
meeting criteria for early improvement. Across all 10 active treatment groups as
well as the placebo groups, subjects with less than 20 % improvement after two
weeks of treatment had only a 10-20 % chance of meeting remission criteria at the
end of the study (Calabrese et al. 2010a; Kemp et al. 2011b). As Fig. 9.2 makes
clear, this finding has been highly replicated (Calabrese et al. 2010a; Kemp
et al. 2011a; Szegedi et al. 2009; Nierenberg et al. 2000). The consistency of this
pattern observed across large placebo-controlled studies for bipolar depression
suggests that a determination of the need for dose adjustment or declaring treatment
as ineffective could be made with acceptable confidence as rapidly as every
two weeks. No other currently available biomarker or group of biomarkers offers
a better means of guiding treatment decisions.

® PPV Remission m NPV Remssion 90%
86%
83% 81% 80%
76% 9%
62%
54%
50% 50%
44% 44%
38%

Lamotrigine Lamotrigine OFC (1 study) Quetiapine Aripiprazole Placebo Placebo
(1 Pos study) (4 Negative (2 studies) (2 Neg/failed (4 Posstudies) (6 MNeg/failed

studies) studies) studies)

Fig. 9.2 Using prospective outcomes: “Measure-based” guidance for clinical empiricism. The
absence of early improvement (>20 %) by day 14 during the acute treatment of bipolar depression
predicts no remission at weeks 6 through 8. Adapted from Calabrese and colleagues (2010a). PPV
positive predictive value, NPV negative predictive value, OFC olanzapine and fluoxetine
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Table 9.1 Categories of clinical evidence

A: | Double-blind, placebo-controlled trials with adequate sample size

B: | Double-blind, controlled trials without placebo or without adequate samples; controlled
studies without randomization.

C: | Naturalistic or open-label trials/nonexperimental descriptive studies or case—control
studies.

D: | Uncontrolled observations, case series, and single case reports.

E: | Absence of positive published studies. However, Category A evidence supports a class
effect.

F: | Absence of positive published studies and Category A evidence does not support a class
effect.

The pitfalls of repetitious indecisive trials can be avoided by carrying out each
intervention with sufficient dose and duration to declare a definitive outcome
(effective, ineffective, or intolerable).

9.3 State of the Evidence

Clinicians seeking guidance from the published literature encounter many forms of
evidence that should be weighed in accordance with their scientific quality.
Table 9.1 offers a simple grading system intended to help the reader distinguish
between levels of evidence. The best guidance for clinical decision-making comes
from double-blind, randomized, placebo-controlled trials with adequate samples.
Studies meeting these criteria are referred to here as Category A studies, and drugs
with positive data can be considered proven.

It is natural to ask which of the proven medications is best. Clinicians looking for
guidance in choosing medications for their patients should remain mindful of
important caveats bearing on evidence-based practice. Placing the results in a
table (such as Table 9.2) invites casual comparison; however, comparisons across
studies are not scientifically valid. As the available clinical trial knowledge base for
a drug grows, the range of outcomes for that drug tends to broaden. Hence, it
becomes increasingly clear that determining which drug works best is not a simple
matter of comparing outcomes across studies by calculating effect sizes.

Confident head-to-head comparison of medications requires clinical trials in
which subjects are randomly assigned to the agents being compared and also
requires sophisticated interpretation. The clinical trial results for any active agent,
as well as the results for placebo, are influenced by many aspects of study design
and execution, including dosing schedule, choice of comparators, subject selection,
demographics, rater expectation, and the availability of alternative treatments for
the indication under study. The importance of these factors is evident as the range of
results for the best-studied agents can be wider than the difference between
medications. As a general rule of thumb, more confidence can be given to findings
from studies with larger sample sizes and findings that have been replicated in
multiple studies are more reliable than results from a single study. Following this
principle, Table 9.2 presents the drugs in order of the number of positive clinical



192

G.S. Sachs

Table 9.2 Proven treatments: at least one positive Category A study

Positive Range of
outcomes/ effect
total arms sizes
compared to (Cohen’s Comment positive results/
Medication placebo d) NNT | total arms
Quetiapine 9/10
300 mg (Thase 5/5 0.61—xx 5 Monotherapy for
et al. 2006; Young eight weeks
et al. 2010; McElroy
et al. 2010; Suppes
et al. 2010)
600 mg (Thase 4/4 0.54-1.06 |5 Monotherapy for
et al. 2006; Young eight weeks
et al. 2010; McElroy
et al. 2010)
150-300 mg (Gao 0/1 0.19 100 Monotherapy or adjunct for
et al. 2014) BD-I and BD-II with
comorbid GAD. No signifi-
cant benefit for depression
or anxiety
Lurasidone 4/4
20-60 mg (Loebel 2/2 0.51-0.80 Monotherapy for six weeks,
et al. 2014a, 2015) BD-I depression;
monotherapy for six weeks,
MDD/BD NEC depression
with mixed features
80-120 mg (Loebel 1/1 0.51 Monotherapy therapy for
et al. 2014a) six weeks, BD-I depression
20-120 mg (Loebel 1/1 0.34 Adjunctive therapy for
et al. 2014b) six weeks, BD-I depression
Olanzapine 2/2
5-20 mg (Tohen 0.22-0.32 |12 Monotherapy therapy for
et al. 2003, 2012) eight weeks, BD-1
depression
11 Monotherapy therapy for
six weeks, BD-I depression
Olanzapine + Fluoxetine 1/1
6+25mg—12+50mg | 1/1 0.68 5 Combination therapy for

(Tohen et al. 2003)

eight weeks, BD-1
depression

Lamotrigine (Geddes
et al. 2009)

Meta-analysis

Of five company-sponsored
studies taken individually,
one was positive on
MADRS (secondary mea-
sure) and four were failed
studies. These five studies
yielded a positive result in
meta-analysis.

50 mg

0/1

(continued)
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Table 9.2 (continued)
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Positive Range of
outcomes/ effect
total arms sizes
compared to (Cohen’s Comment positive results/
Medication placebo d) NNT | total arms
200 mg (Geddes 1/4
et al. 2009)
200 mg (van der Loos 1/1 5 Adjunctive therapy
et al. 2009)
100400 mg (Geddes
et al. 2009)
Modafinil
100-200 mg (Frye 1/1 0.47 5 Adjunctive therapy for
et al. 2007) six weeks.
Small sample with robust
separation at four time
points. Larger effect on
energy fatigue subscale.
Armodafinil 2/4 All studies compared
armodafanil to placebo as
adjunctive therapy. Two
unpublished negative/failed
studies
150 mg (Calabrese 2/4 —100 | Adjunctive therapy for
et al. 2010b, 2014) eight weeks. Modest effect
with statistically significant
result only at two time
points. No significant bene-
fit on any secondary out-
come measure (MADRS,
CGI-BP, QIDS-SR,
HAM-A, Q-LES-Q)
0.28 9 Adjunctive therapy x

eight weeks

Small effect. Separation
from placebo only occurred
after seven weeks of
treatment.

Effect size: Cohen’s d calculated in each study based on the difference between active and placebo
groups on change from baseline score divided by the pooled standard deviation for the primary

outcome variable

NNT: Number Needed to Treat is calculated as the inverse of the difference between response rate
for the active group minus the response rate for placebo group
Abbreviations: GAD: generalized anxiety disorder; BD: bipolar disorder; MADRS: Montgomery—
Asberg Depression Rating Scale; NEC: not elsewhere classified; HAM-A: Hamilton Rating Scale
for Anxiety; CGI-BP: Clinical Global Impression for Bipolar Disorder; QIDS-SR: Quick Inven-
tory of Depressive Symptomatology (Self-Report); Q-LES-Q: Quality of Life Enjoyment and

Satisfaction Questionnaire
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trial results in the supporting database. Taking this approach, an adequately
powered study with two active arms and a placebo arm could yield no positive
results, one positive result, or two positive results compared to placebo.

9.4 Proven Treatment Options

Here, I discuss pharmacological treatments associated with at least one positive
Category A study (i.e., an adequately powered, double-blind, placebo-controlled
clinical trial).

94.1 Quetiapine

Five adequately powered, double-blind, placebo-controlled trials have demon-
strated the robust efficacy of quetiapine for bipolar depression (Calabrese
et al. 2005; McElroy et al. 2010; Suppes et al. 2010; Thase et al. 2006; Young
et al. 2013), and one marginally powered study found no evidence of efficacy (Gao
etal. 2014). The latter was a study of patients with bipolar depression and comorbid
Generalized Anxiety Disorder. The five positive studies included nine active
quetiapine arms, two active comparator arms, and five placebo arms. In these
studies, all nine quetiapine versus placebo comparisons found that quetiapine had
significant advantages over placebo.

The initial study, BOLDER I (Calabrese et al. 2005), was a double-blind trial
that randomized 542 patients with bipolar depression to placebo, quetiapine
300 mg, or quetiapine 600 mg. Both dosages of quetiapine resulted in significantly
higher response rates (58 %) compared to placebo (36 %) at eight weeks, as well as
a significant advantage over placebo on mean change from baseline in
Montgomery—Asberg Depression Rating Scale (MADRS) score and significant
improvement in Hamilton Anxiety Rating Scale (HAM-A) total score. No differ-
ences between the groups were found in treatment emergent affective switch
(TEAS) rates, but the group receiving 600 mg experienced more adverse effects,
and only 54 % completed the eight-week study compared to 67 % of subjects in the
300 mg group.

Two subsequent studies used variations on the same design with the addition of
an active control; one study used lithium (Young et al. 2010) and the other used
paroxetine (McElroy et al. 2010). Results for the quetiapine and placebo groups
were similar to the prior study outcomes, but neither of the active control groups
differed from placebo. Since the positive results for quetiapine demonstrate assay
sensitivity, these results must be counted as negative studies for lithium and
paroxetine rather than failed studies.

Importantly, the overall study results included outcomes for patients with bipolar
I (BD-I) and bipolar II (BD-II) disorder. Since most other studies excluded patients
with BD-II, it is worth noting that quetiapine is the only agent that has shown a
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statistically significant benefit for depression in BD-II patients and had the largest
effect size (0.91 and 1.09 for 300 and 600 mg/day of quetiapine in the BOLDER I
study, respectively) observed in any trial for BD-I depression. Smaller effect sizes
were observed in subsequent studies, likely reflecting the impact of expectancy
following the BOLDER I study and the tendency of trials with more arms to have a
higher placebo response.

As noted above, Gao and colleagues conducted an investigator-initiated study of
treatment for BD-I and BD-II depressed patients with co-occurring generalized
anxiety disorder (GAD) (Gao et al. 2014). This study randomized 100 subjects to
add flexibly dosed quetiapine XR or placebo to ongoing treatment and found that
quetiapine had no benefit in treating either depression or anxiety.

9.4.2 Lurasidone

Three adequately powered, double-blind, placebo-controlled trials demonstrated
the robust efficacy of lurasidone for bipolar depression, including four active arms
and three placebo arms. In 2014, Loebel and colleagues published results from a
monotherapy study (Loebel et al. 2014a) and an adjunct study (Loebel et al. 2014b)
in which lurasidone was superior to placebo on the primary outcome (change from
baseline MADRS) and all key secondary outcomes (percent meeting response
criteria, Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q),
Sheehan Disability Scale (SDS)).

Recently presented findings show impressive results for lurasidone compared to
placebo in depressed subjects not meeting criteria for BD-I or BD-II (Loebel
et al. 2015). These subjects all had a major depressive episode with two to three
symptoms unique to mania/hypomania (e.g., mood elevation/grandiosity, talkative-
ness, increased libido, racing thoughts). Although it is unclear whether such
patients represent patients with a disorder on the bipolar spectrum or major depres-
sive disorder (MDD) patients at higher risk for conversion to BD, the effect size of
0.8 suggests the possibility that patients meeting the entry criteria may be more
responsive to treatment with lurasidone than those who entered trials with eligibil-
ity restricted to BD-I subjects.

9.4.3 Lamotrigine

Calabrese and colleagues first demonstrated the efficacy of lamotrigine for treating
bipolar depression (Calabrese et al. 1999). In a seven-week, multicenter, double-
blind, fixed-dose study, 195 patients were treated with lamotrigine (50 or 200 mg/
day) or placebo. The trend favoring lamotrigine on the primary outcome measure
(mean change in HAM-D score) fell just short of statistical significance; however,
significant improvements over placebo were found for key secondary endpoints,
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such as change in MADRS and Clinical Global Impression for Bipolar Disorder
(CGI-BP) mean scores. Lamotrigine was not associated with increased risk of
TEAS compared to placebo. Although subsequent Glaxo-sponsored studies of
lamotrigine for bipolar depression resulted in failed trials, trends in these results
have consistently favored lamotrigine, and a meta-analysis across all available
studies found significant antidepressant effects for lamotrigine (Geddes et al. 2009).

In a Category A study not sponsored by Glaxo, Van der Loos and colleagues
showed that lamotrigine had statistically significant benefits over placebo as adjunct
to lithium for bipolar depression (van der Loos et al. 2009).

Nierenberg and colleagues randomized BD-I and BD-II patients with depression
who had not responded to at least two trials of standard antidepressants combined
with mood stabilizers to receive open treatment with lamotrigine (150-250 mg),
risperidone (up to 1-6 mg), or inositol (10-25 g) (Nierenberg et al. 2006). This
STEP-BD, randomized, open-label study reported positive results for lamotrigine
(24 % “recovered”) compared with risperidone (5 % ‘“recovered”). Outcomes for
inositol (17 % recovered) did not significantly differ from either risperidone or
lamotrigine.

Brown and colleagues randomized patients with bipolar depression to receive
either lamotrigine or combined treatment with olanzapine and fluoxetine (OFC)
(Brown et al. 2006). In this study, response rates for bipolar depression were
generally comparable between the groups; however, lamotrigine was associated
with significantly less weight gain, sedation, dry mouth, and tremor than OFC.

9.4.4 Olanzapine and OFC

The efficacy of olanzapine has been evaluated in two well-powered studies that
included two placebo arms, two olanzapine arms, and one OFC arm. The placebo-
controlled trial examining olanzapine and OFC is particularly valuable because it
permits a valid comparison between two active arms and a placebo control. Tohen
and colleagues randomized BD-I depressed subjects to receive placebo (n = 355),
olanzapine (n=352), or OFC (n=282) and reported a statistically significant
advantage for olanzapine over placebo (Tohen et al. 2003). OFC was found to
have superior efficacy to olanzapine monotherapy as well as placebo. The groups
did not differ in TEAS rates.

A replication study by Tohen and colleagues found statistically significant
antidepressant efficacy for olanzapine (n =343) in a six-week placebo-controlled
trial (n=171), but with an effect size (0.22) somewhat smaller than the original
study (0.32) (Tohen et al. 2012).
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9.5 Noteworthy Evidence from Non-category A Studies

9.5.1 Modafinil and Armodafinil

Modafinil and its active R-enantiomer, armodafinil, have been studied in five fully
powered studies. The initial report by Frye and colleagues was positive, but its
relatively small sample size gave it marginal statistical power and increased
vulnerability to produce outlier results. The study randomized 85 depressed BD
patients with an inadequate response to treatment with a mood stabilizer and an
antidepressant to add either placebo or modafinil (100-200 mg/day (Frye
et al. 2007). The modafinil treatment group had greater improvement in their
depressive symptoms as well as better response and remission rates than the
placebo group.

Subsequent studies with armodafinil have produced inconsistent results. In the
two published studies (Calabrese et al. 2010b, 2014), positive results were obtained
on the primary outcome measure (Inventory of Depressive Symptomatology-
Clinician-Rated (IDS-C30)) at a few time points, but not on the MADRS or other
secondary outcome measures. Two unpublished studies showed no advantage for
armodafinil over placebo. It remains unclear if the discrepancy between the studies
represents shortcomings of study execution or that the initial study result should be
viewed as a false positive (Ostacher 2014).

9.6 Other Commonly Used Medications that Lack Positive
Category A Evidence

9.6.1 Standard Antidepressant Drugs

In the past, management of bipolar depression was extrapolated from accumulated
experience and research in treating MDD simply because there was no evidence
specific to BD patients. More than two dozen agents have been approved by the US
Food and Drug Administration (FDA) or other regulatory authorities for the
treatment of MDD, also known as unipolar depression. However, the appropriate-
ness of these agents for patients with bipolar depression cannot be determined based
on studies of MDD because the mechanisms by which these drugs act remain poorly
understood and because trials establishing the efficacy of these agents typically
excluded BD patients.

In the twenty-first century, five Category A studies have been reported involving
imipramine (one study), paroxetine (three studies), and bupropion (one study) with
BD patients (see Table 9.2). The first Category A study for bipolar depression was
reported by Nemeroff and colleagues (2001). This study randomized depressed
BD-I subjects treated with lithium (0.5—1.2 mmol per liter) to double-blind adjunc-
tive treatment with placebo, paroxetine, or imipramine. Overall, this study found
that neither paroxetine nor imipramine had any benefit over placebo on any of the
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efficacy measures. Among the subgroup with lithium levels between 0.5 and
0.8 mmol/L, however, there was a significant advantage for patients receiving
paroxetine. No differences were found between the groups in TEAS rate. Unfortu-
nately, confidence in this finding is limited because the study had no formal rating
scale to assess mood elevation and was likely insensitive to TEAS.

The largest placebo-controlled study of standard antidepressants was carried out
by the STEP-BD study. This National Institute of Mental Health (NIMH)-
sponsored, double-blind study randomized 366 patients to receive treatment with
amood stabilizer and placebo or a mood stabilizer and an antidepressant (bupropion
or paroxetine). There were no group differences with regard to subjects’ likelihood
of achieving a durable recovery (eight consecutive weeks euthymic) (27 % in
placebo group and 24 % in antidepressant groups), their TEAS rates (10-11 %,
both groups), or other outcome measures. Thus, there was neither evidence of
benefit nor harm in adjunctive use of bupropion or paroxetine.

In summary, no Category A study has found a statistically significant benefit to
adding a standard antidepressant to lithium, carbamazepine, or valproic acid.
Brown and colleagues conducted a double-blind, seven-week, controlled trial that
randomized BD-I depressed patients (n=205) to OFC or lamotrigine (Brown
et al. 2006). Although response rates did not differ significantly between treatment
groups, time to 50 % reduction in their MADRS score was significantly shorter with
OFC. There was no significant difference in rates of TEAS between groups,
although OFC was associated with significantly more weight gain, somnolence,
dry mouth, and tremor. Thus, the combination of OFC was superior to treatment
with placebo and superior to treatment with olanzapine monotherapy. This single
study represents the only available high-quality evidence supporting the practice of
administering a standard antidepressant medication for depressed patients with
BD. The degree to which this finding generalizes to combining fluoxetine with
other agents, or the possibility that olanzapine might potentiate or be potentiated by
other standard antidepressants both remain unclear. No available data from ran-
domized controlled trials address the long-term implications of this combination
(Table 9.3).

9.6.2 Studies Without Placebo Control

The Stanley Foundation Bipolar Network (SFBN) conducted a randomized, double-
blind comparison of add-on bupropion, sertraline, or venlafaxine to ongoing “mood
stabilizer” treatment in 159 patients (Leverich et al. 2006; Post et al. 2006). Overall,
TEAS into hypomania and mania occurred in 11.4 % and 7.9 %, respectively, of
acute treatment trials (10 weeks) and in 21.8 % and 14.9 % of the continuation trials
(one year duration). The rate of TEAS was higher in patients with BD-I (30.8 %)
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Table 9.3 Other psychotropic medications commonly used to treat bipolar depression

Category of evidence
B Lithium
Lithium + Paroxetine

Lithium + Imipramine
Moclobemide

Imipramine + Mood stabilizer

Venlafaxine

Paroxetine + Mood stabilizer

Fluoxetine

Sertraline

Bupropion

Imipramine

Tranylcypromine

Pramipexole

Divalproex

Citalopram

C Carbamazepine

F Standard antidepressants (as a class)

Omega-3s

than in those with BD-II (18.6 %). The risk of switch into hypomania or mania was
significantly increased in subjects treated with venlafaxine (15 %) compared to
bupropion (4 %) or sertraline (7 %).

In a six-week, randomized, single-blind trial, Vieta and colleagues compared the
efficacy of mood stabilizers with adjunctive paroxetine (7 = 30) to mood stabilizers
with adjunctive venlafaxine (n =30) (Vieta et al. 2002). No significant differences
in terms of treatment response rates were found between the groups (paroxetine
43 %, venlafaxine 47 %), but lower rates of TEAS were observed in the paroxetine
group (3 %) than in the venlafaxine group (13 %). Silverstone and colleagues
compared the antidepressant efficacy of moclobemide (n=81) and imipramine
(n=175) in patients with BD, 64 % of whom were prescribed concomitant mood
stabilizers (Silverstone 2001). No statistically significant differences between the
two groups were found on any of the efficacy measures. The trend for higher rates
of study withdrawal due to TEAS did not reach statistical significance
(moclobemide = 3.7 %, imipramine = 11 %).

Amsterdam and colleagues evaluated the efficacy of fluoxetine monotherapy in
patients with BD-II experiencing a major depressive episode in a randomized,
double-blind, placebo-controlled study (n=34) (Amsterdam et al. 2004). Signifi-
cant reductions in mean HAM-D and MADRS ratings, without an increase in
YMRS scores, were reported in the active and placebo groups. These investigators
also reported that in patients with bipolar depression who received eight weeks of
open-label fluoxetine treatment, 48 % showed a HAM-D reduction greater than
50 %, while 7.3 % developed TEAS (YMRS > 8) (Amsterdam et al. 1998). Other
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small double-blind studies of standard antidepressant use in bipolar depression
include those of add-on tranylcypromine (Himmelhoch et al. 1991; Nolen
et al. 2007) and desipramine versus bupropion (Sachs et al. 1994).

9.6.3 Studies Without Randomization

Altshuler and colleagues reported quasi-experimental results from the SFBN
(Altshuler et al. 2003). Among the 1078 patients with BD, about 50 % became
depressed and had a standard antidepressant added to their treatment regimen.
Fifteen percent of these patients, for whom there was a clinical intent-to-treat
with a standard antidepressant, achieved remission. A comparison of remitted
patients (depending on whether antidepressants were continued for more than
six months or discontinued before six months) revealed that 20-25 % experienced
a relapse into depression over the first four months regardless of whether or not
antidepressants were continued. Significantly, lower rates of relapse into depression
over one year were observed for those who remained on antidepressants (36 %)
compared with those who discontinued (70 %). However, when interpreting this
finding, one must consider that the reasons for antidepressant discontinuation are
not apparent; for example, treatments may have been discontinued due to lack of
efficacy. A similarly designed study (Joffe et al. 2004) reported the one-year
outcome of antidepressant treatment in 59 patients with bipolar depression and
found comparable results, which are also subject to the same limitations.

The STEP-BD study reported a quasi-experimental comparison of outcomes for
1000 patients with BD treated openly and observed prospectively over one year of
follow-up (Sachs 2004a). In this sample, 18 % of patients experienced the onset of a
new depressive episode, including 5% who had multiple depressive episodes.
Outcome analysis for the first depressive episode revealed no statistically signifi-
cant advantage for adding standard antidepressant medications compared to sub-
jects managed without a standard antidepressant. Rates of TEAS were 14.6 %
regardless of the use of standard antidepressants.

9.6.4 Meta-Analyses and Systematic Reviews

Gijsman and colleagues conducted a meta-analysis of 12 randomized, controlled
trials on the efficacy and safety of antidepressants for the short-term treatment of
bipolar depression and found that antidepressants were significantly more effective
than placebo (Gijsman et al. 2004). While there was no increased risk of TEAS
associated with standard antidepressants in general, the authors found a significant
association for TEAS in the subgroup treated with tricyclic antidepressants.

In contrast, another meta-analysis (Sidor and Macqueen 2011) concluded that
antidepressants were not statistically superior to placebo or other current standard
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treatments for bipolar depression. The above reports also included meta-analyses
examining the TEAS data from these studies and found no evidence of an associ-
ation between standard antidepressants and TEAS overall, but the studies that
employed more sensitive criteria did find elevated switch rates among subjects
receiving standard antidepressants. Notably, Sidor and McQueen included six
additional randomized controlled trials (N = 1034), which assessed antidepressant
use in the acute treatment of bipolar depression and brings the combined total to
15 studies containing 2373 patients. It seems unlikely that a study with a sample of
this size would miss clinically meaningful effects related to efficacy or TEAS.

Several caveats pertain to translating these meta-analysis findings for clinical
use. First, the results do not support the use of any one antidepressant agent. The
“response rates” used in meta-analyses tend to overestimate drug effectiveness
because the original studies defined response solely on depression outcomes;
therefore, cases in which switch to mania occurred are included in the count of
successful responses. For instance, about 25 % of the responders in tranylcypromine
and imipramine studies are subjects who became manic (Himmelhoch et al. 1991).
The TEAS findings are also limited by the lack of any formal assessment for TEAS
in most studies. Meta-analysis is most appropriate and helpful when employed as a
means of pooling results from underpowered homogeneous studies and is less
desirable when high-quality, fully powered studies are available or when important
differences between studies are overlooked.

9.6.5 Lithium

The American Psychiatric Association (APA) Guidelines recommend lithium as an
initial treatment for bipolar depression of mild to moderate severity. There is,
however, little statistical evidence comparing the antidepressant efficacy of lithium
to placebo. Prior to 2008, relevant studies were limited to small placebo-controlled
studies, crossover studies, or nonrandomized samples. The recently completed
AstraZeneca-sponsored comparison of lithium, quetiapine, and placebo found no
benefit for lithium compared to placebo in subjects with BD-I or BD-II depression.
While the assay sensitivity of this trial was ostensibly established based on its
success in detecting a substantial benefit for the groups treated with quetiapine
300 mg and 600 mg, the trial design may have inadvertently disadvantaged lithium
relative to quetiapine, since lithium is widely used by the eligible population and
lithium-responsive subjects were unlikely to enroll. In addition, lithium and placebo
would be disadvantaged to the extent that quetiapine’s sedative qualities and other
adverse effects may have unblinded raters.

Studies intended to test other adjunctive treatments in which subjects in all
treatment groups receive lithium cannot prove lithium’s efficacy, but may none-
theless be instructive for clinical practice.

The efficacy of lithium may be estimated to some extent based on the afore-
mentioned double-blind trial by Nemeroff and colleagues in which no overall
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benefit was found for adding standard antidepressants to lithium compared with
lithium monotherapy at lithium levels > 0.8 mEq/L (Nemeroff et al. 2001). Where
lithium was dosed at levels < 0.8 mEq/L, add-on antidepressant treatment was more
beneficial than lithium monotherapy (Nemeroff et al. 2001). This finding suggests
that subtherapeutic lithium levels are less effective than therapeutic lithium levels,
but does not allow any conclusions to be drawn about the relative efficacy of lithium
compared with antidepressants or placebo.

9.6.6 Valproate

Evidence supporting the antidepressant properties of valproate is limited. Two
small placebo-controlled trials suggest that valproate may have beneficial effects
for bipolar depression (Davis et al. 2005; Sachs et al. 2002). Bond and colleagues
conducted a meta-analysis of four double-blind, controlled trials comparing
valproate to placebo (total N = 142 subjects) (Bond et al. 2010). The relative risks
of response (RR =2.10, p=0.02) and remission (RR =1.61, p =0.04) were sig-
nificantly greater for divalproex than placebo. In addition, average response rates
were 39.3 % for divalproex and 17.5 % for placebo. Since the total sample size in
the four trials was relatively small, the evidence that divalproex is efficacious in the
treatment of BD depression should be considered preliminary.

As with lithium, enthusiasm for use of valproate in bipolar depression is often
muted by historical perspectives that may not apply to contemporary clinical
nomenclature. When analyzing treatment effect in a large, open case series, Lam-
bert’s 1966 report finding moderate improvement in only 22 % of 103 “manic-
depressive” patients treated with valpromide likely discouraged use of valproate in
a manner similar to Cade’s reported impression that lithium was ineffective for
depression (Lambert et al. 1966). Since Lambert’s series also largely comprised
subjects who would be classified as having MDD according to DSM-5 criteria, the
question of antidepressant efficacy for bipolar depression remains open.

9.6.7 Carbamazepine

Controlled studies supporting the efficacy of carbamazepine in bipolar depression
are scarce. Post and colleagues published a randomized, double-blind study of
35 patients with bipolar depression that found at least mild improvement in
symptoms (CGI ratings) in 57 % of patients and a more substantial improvement
in 34.3 % (Post et al. 1986). This group also conducted a meta-analysis of carba-
mazepine treatment in individuals with MDD and bipolar depression (including
several small, open-label, and controlled studies); response rates to carbamazepine
treatment were observed in 56 % of open-label trials and 44 % of controlled studies.
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9.7 Novel Treatment Options Supported by Proof-of-
Concept Trials

Proof-of-concept trials are often conducted to evaluate clinical efficacy in small
samples. Although systematic clinical trials can help advance clinical science,
caution is necessary in applying results from proof-of-concept studies to clinical
practice. When the evidence supporting innovative interventions is limited to
studies of small sample size, both positive and negative results should always be
considered preliminary.

9.7.1 Ketamine

Ketamine is an N-methyl-p-aspartate (NMDA) antagonist commonly used in med-
icine as a preanesthetic and, illicitly, as a party drug. Rapid resolution of depression
and suicidal ideation following single intravenous infusions of low doses of keta-
mine have been reported for patients with BD as well as MDD (Diazgranados
et al. 2010; Ionescu et al. 2015; Lee et al. 2015; Zarate et al. 2012).

Two small proof-of-concept studies provide further encouragement for this
innovative approach to treatment-resistant bipolar depression. Both were random-
ized, placebo-controlled, double-blind, crossover, add-on studies in which subjects
maintained at therapeutic levels of lithium or valproate received an intravenous
infusion of either ketamine hydrochloride (0.5 mg/kg) or placebo on two treatment
days two weeks apart. The onset of antidepressant effects was observed within
40 minutes and was sustained for several days.

Ionescu and colleagues found equally robust outcomes in response to open
ketamine treatment for depressed BD patients with high levels of anxiety compared
to those without high anxiety. Of course, this finding needs replication in a
controlled trial, but is noteworthy since high levels of anxiety predict poor response
to most treatments for bipolar depression (Coryell et al. 2009).

The results for ketamine are very encouraging, but there remains substantial
potential that some or all of the putative antidepressant effect could be due to the
small sample sizes and crossover design and that adverse effects such as dissocia-
tive symptoms often associated with ketamine use influence outcomes via func-
tional unblinding of subjects and/or raters.

9.7.2 N-acetyl cysteine (NAC)

NAC may exert psychotropic effects through multiple mechanisms. These include
being a precursor to the antioxidant glutathione, modulating glutamatergic trans-
mission, and interacting with anti-inflammatory and neurotropic pathways. An



204 G.S. Sachs

intriguing report by Berk and colleagues sparked interest in NAC for bipolar
depression (Berk et al. 2008). These investigators randomly assigned 75 BD
patients to placebo or NAC (1 g twice daily) as an add-on to their ongoing
maintenance treatment regimen. Although only a third of the subjects met criteria
for a major depressive episode at baseline, the primary outcome—improvement
from baseline MADRS score—showed a robust advantage for NAC over placebo.
At end point, the study produced impressive effect sizes (medium to high) for
improvements in MADRS and nine of the 12 secondary measures. Furthermore,
loss of benefit was observed when NAC was replaced with placebo after the double-
blind treatment phase. This finding needs replication in a trial specifically designed
to treat acute depressive episodes.

9.7.3 Inositol

The controlled evidence supporting the use of inositol for bipolar depression
consists of three small, double-blind placebo trials that found advantages over
placebo of at least marginal statistical significance (Levine et al. 1995; Chengappa
et al. 2000; Eden Evins et al. 2006). These studies in total, however, report results
for only 34 inositol-treated subjects and 33 placebo-treated subjects. As noted
above, in an open, randomized effectiveness study using durable recovery
(a much more stringent outcome criterion defined as eight consecutive weeks
euthymic), Nierenberg and colleagues found that the response of treatment-
refractory bipolar depressed patients to adjunctive inositol (17.4 %) did not signif-
icantly differ from response to risperidone (4.6 %) or lamotrigine (23.8 %)
(Nierenberg et al. 2006). In these studies, inositol was administered at doses ranging
from 10 to 25 g per day.

9.7.4 Pramipexole

Two small, randomized, placebo-controlled trials have examined the effectiveness
of pramipexole for treatment of bipolar depression. Goldberg and colleagues
randomized 22 depressed BD patients to pramipexole (1.0-2.5 mg/day) plus a
mood stabilizer or placebo plus a mood stabilizer (Goldberg et al. 2004).
Pramipexole was well tolerated and more patients in the pramipexole group
achieved a >50% reduction from their baseline HAM-D scores and a greater
mean change in HAM-D scores over the six-week study duration. In addition, the
switch rates into mania and hypomania were not higher than in the placebo group
and the side effects were mild.

Zarate and colleagues randomized 21 BD-II patients to either pramipexole (1.0
to 3.0 mg/day) plus a mood stabilizer or placebo plus a mood stabilizer (Zarate
et al. 2004). They found that 60 % of the participants in the pramipexole group had a
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therapeutic response (as defined by a 50 % reduction in MADRS scores) compared
to 9% in the placebo group. Additionally, pramipexole appeared to be well
tolerated as every participant completed the six-week study, except one from
each group. These encouraging results need confirmation in a Category A study.

9.7.5 Riluzole

An open study of riluzole, a glutamate-modulating agent, in combination with
lithium has been reported by Zarate and colleagues (2005). Of the 19 BD-I
depressed patients who received riluzole (100-200 mg/day for six weeks), 43 %
dropped out due to adverse events or lack of improvement. Among those remaining
in the study, improvement in MADRS scores was noted in weeks three through
six for all subjects. There were no switches to hypomania or mania. Future research
is needed to determine whether riluzole has true antidepressant effects.

9.7.6 Other Agents

Beneficial effects have also been reported from small and often less rigorous studies
involving a variety of newer treatment interventions including the use of stimulants,
omega-3 fatty acids, dextromethorphan in combination with quinidine (DMQ),
phototherapy, transcranial magnetic stimulation (TMS), and sleep deprivation.

Stimulants such as methylphenidate appear to have short-lived beneficial effects
in bipolar depression, but are associated with mania, irritability, and psychosis
(ElI-Mallakh 2000; Zarate et al. 2004). SFBN studies found no benefit for omega-3
fatty acids over placebo (Keck et al. 2006). In contrast, one open trial and a small,
double-blind trial in children (Osher et al. 2005; Nemets et al. 2006) reported a
beneficial effect from the use of omega-3 fatty acids in depression. However, these
results have not been replicated and there remains no positive result for any form of
omega-3 in a Category A study.

Positive findings have been reported for repetitive transcranial magnetic stimu-
lation (Speer et al. 2000). Sleep deprivation has shown a transient mood-elevating
effect in two studies (Riemann et al. 2002; Benedetti et al. 2001), but also carries a
risk of precipitating mania.

Dextromethorphan is an NMDA antagonist that, unlike ketamine, can be given
orally. When combined with a low dose of quinidine (DMQ), the problem of
dextromethorphan’s rapid metabolism is overcome. A retrospective chart review
(N=7T) of chronically depressed BD-II and BD NOS patients found rapid
improvement in response to DMQ (Kelly and Lieberman 2014). Although the
combination of dextromethorphan/quinidine sulfate has FDA approval for treat-
ment of pseudobulbar affect, there are no controlled data supporting its use for the
treatment of bipolar depression.
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9.8 Conclusion

The care model described here comprises a set of principles that clinicians can
apply to current and emerging data. The model encourages clinicians to formulate a
menu of reasonable choices personalized to each patient by drawing on two
knowledge bases: data from randomized controlled trials and individual factor
data acquired through clinical empiricism. This contrasts with usual published
guidelines and algorithms, since knowledge bases are dynamic and allow the
clinician to apply their judgment to all available information.

The right of patients to be made aware of evidence-based treatment options
requires that practicing clinicians maintain awareness of the treatment options
supported by Category A evidence. Currently, five medications are supported by
Category A criteria. In order of the strength of support evidence, these are
quetiapine, lurasidone, olanzapine, OFC, and lamotrigine. Regardless of whether
patients accept these treatments or begin with alternatives, a measurement-based
approach to treatment provides a systematic means of working toward an optimized
individual treatment plan.
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Chapter 10

Pharmacological Treatment

of the Maintenance Phase of Bipolar
Depression: Efficacy and Side Effects

Keming Gao, Renrong Wu, and Joseph R. Calabrese

Abstract To prevent relapse/recurrence of mood episodes in bipolar disorder
(BD), medications must demonstrate efficacy in preventing both manic/mixed/
hypomanic and depressive relapses/recurrences. Most maintenance treatment stud-
ies of BD have continued using relapse-prevention designs to preserve assay
sensitivity despite their limited generalizability. This chapter focuses on all tradi-
tional efficacy measures including time to intervention for relapse/recurrence of any
mood episodes, manic/mixed episodes, and depressed episodes. For safety, we have
focused on short- and long-term side effects, especially >7 % weight gain. To date,
lithium, lamotrigine, and quetiapine have been investigated in both manic and
depressive index episodes. Divalproex, olanzapine, aripiprazole, paliperidone,
and risperidone long-acting injections have been evaluated in manic/mixed index
episodes. Both time-to-event results and cumulative risk for relapse/recurrence
showed that only quetiapine demonstrated bimodal efficacy in preventing both
depressive and manic/mixed/hypomanic relapses. The other medications were
only efficacious for preventing manic/mixed relapses or more effective in
preventing manic/mixed relapses than depressive relapses. Short-term side effects
varied widely among the aforementioned medications, but newly emergent side
effects during long-term treatment were relatively rare. With the exception of
ziprasidone, significantly higher rates of >7 % weight gain were observed with
all other antipsychotics. The short- and long-term side effects suggest that relapse-
prevention studies also inflate the safety and tolerability of active treatments.
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10.1 Introduction

Symptomatic patients with bipolar I disorder (BD-I) experience depressive symp-
toms three to four times as often as manic symptoms (Judd et al. 2002), while
symptomatic patients with bipolar II disorder (BD-II) experience depressive symp-
toms approximately 39 times more commonly than hypomanic symptoms (Judd
et al. 2003). Moderate to extreme impairment in work, social, and family life is
known to occur significantly more often with depressive than manic symptoms in
patients with BD (Calabrese et al. 2004a). In addition, significant psychosocial
impairment during illness-free periods is more strongly predicted by the number of
past depressive episodes than past manias (MacQueen et al. 2000). Moreover, there
is a higher risk for suicide in BD than in other major psychiatric disorders,
particularly during depressive episodes (Dilsaver et al. 1997; Goodwin and Jamison
2007; Isometsa et al. 1994).

These findings suggest that the prevention of acute major depressive episodes is
critical to reducing the morbidity and mortality associated with BD. However,
preventing bipolar depression during maintenance treatment is less well studied
compared to preventing mania, although some progress has been made since the
publication of the first edition of this chapter (Gao et al. 2009). Most maintenance
studies have continued using a relapse-prevention design instead of a prophylaxis
design (see the first edition of this chapter (Gao et al. 2009) for details).

Although results from relapse-prevention design studies are not generalizable,
such studies will likely play a more important role in identifying subgroups of
patients with certain biomarkers for efficacy and/or safety, given the more recent
emphasis on “personalized” medicine. One example is a multicenter study of the
pharmacogenomics of mood stabilizer response in bipolar disorder (PGBD) which
was funded by the National Institute of Mental Health (NIMH, NCT01272531).
The indispensable role of the relapse-prevention design in bipolar maintenance
studies highlights the importance of understanding the results of such studies. Here,
we focus on the efficacy and safety of all drugs studied with modern methodology
for maintenance research in BD based on DSM-III or IV diagnostic criteria.

10.2 Evolution of Methodologies in Bipolar Maintenance
Research

Since the publication of the first edition of this book, little consensus on a “‘stan-
dard” methodology for bipolar maintenance studies has been achieved. Over the
years, the methods that have evolved the most include study enrollment, study
design, outcome measures, index episode, study duration, and statistical analysis
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(Calabrese et al. 2001; Goodwin and Jamison 2007; Gao et al. 2009). All these
components can directly affect the interpretation of study results.

10.2.1 Study Enrollment

Due to different inclusion and exclusion criteria, selection biases stemming from
study enrollment are unavoidable. Although modern maintenance studies have used
standard diagnostic instruments and symptom severity measures, the eligibility
requirements for studies vary widely. Therefore, understanding each study’s enroll-
ment requirements will help determine the relevance of study findings to routine
clinical practice.

10.2.2 Study Design (Crossover Versus Parallel)

Crossover designs were used in some early lithium maintenance studies (Calabrese
et al. 2001). However, most modern maintenance studies have used an open-label
stabilization phase in which all patients receive active drug(s) followed by random-
ization of those who meet certain criteria to different treatment arms in a parallel
fashion. The “enriched” nature of the studied sample tends to increase homogene-
ity, similar to the crossover design, and to inflate therapeutic effect size. Mean-
while, the parallel discontinuation from a studied drug might also inflate response to
the studied drug because patients who were assigned to placebo or a new active
treatment might have early relapse due to withdrawal from the open-label active
treatment(s).

10.2.3 Outcome Measures

Most early lithium studies did not measure mood severity with standardized rating
scales, such as the Hamilton Rating Scale for Depression or the Young Mania
Rating Scale. More recent maintenance studies have used standardized rating scales
to quantify the minimum severity for an index episode or DSM-IV criteria for a
mood episode. However, rating scales are limited by their cross-sectional assess-
ment of a period of seven days prior to completing the rating scale. Time to
intervention for additional episodes has been used as a primary outcome measure,
but each individual study has its own criteria for intervention (Calabrese et al. 2001;
Gao et al. 2009).

10.2.4 Study Index Episode

Evidence suggests that index mood episode often not only predicts the polarity of
future relapse at different times after remission (Calabrese et al. 2004b) but may
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also predict treatment response (Shapiro et al. 1989). It is likely that results from
patients presenting with mania may not apply to those presenting with depression or
vice versa, suggesting: (1) that a drug must be studied with different index mood
episodes, and (2) that the study must last long enough to show a spectrum of
efficacy in the prevention of early and late mood relapses.

10.2.5 Study Duration

Since early relapse and late relapse may represent different pathological processes
(Calabrese et al. 2004b), the length of study duration is also important for a
maintenance study. However, no consensus has been achieved for the ideal duration
of a bipolar maintenance study. Investigators have purported that “pure” mainte-
nance efficacy cannot be established if the study lasts less than six months
(Goodwin and Jamison 2007; Ghaemi et al. 2004).

10.2.6 Statistical Analyses

The early maintenance studies used responder analyses with little or no distinction
between primary and secondary outcome measures (Gao et al. 2009). The use of
survival analysis has become the standard method of examining data from BD
maintenance studies. Relapse-prevention trials typically assess length of time to the
first event (starting at the point of randomization and ending when relapse or
recurrence has occurred), which not only records how many events occur during
the study period but also records when the events occur. For this reason, time to
intervention/relapse has commonly been used as a primary outcome measure in
modern BD maintenance studies, and hazard ratio (HR) is commonly used to
measure the magnitude of difference in time-event data between groups. Survival
data are commonly depicted with a Kaplan—Meier curve, which can also be used to
demonstrate median survival (the time at which 50 % of patients have a relapse or
recurrence). The primary problems with survival analysis techniques derive from
sample size and dropouts. As the sample size decreases over time due to dropouts, a
survival analysis is most valid for the earlier portion of the curves, where there are a
larger number of patients in the study (Goodwin and Jamison 2007).

10.3 Efficacy Based on Time to Relapse

HR is the ratio of the probability of an event in an experimental arm to the
probability in a comparator arm and can be larger or smaller than one. The HR
takes both events and time into account, which makes it more accurate than relative
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risk (which simply counts events cumulatively over time for time-to-event data).
However, the HR is meaningful only when it is consistent over time. Looking at the
survival curves of a study will help determine if an HR is consistent or not.

10.3.1 Time to Any Mood Relapse

All US FDA-approved agents for BD maintenance treatment, including lithium,
lamotrigine, aripiprazole, olanzapine, quetiapine, ziprasidone, and risperidone
long-acting injection had significantly longer time to any mood relapse compared
to placebo (Table 10.1). The fact that the approval of all these drugs was based on
placebo-controlled relapse-prevention studies supports previous observations that
the relapse-prevention design had the best assay sensitivity to detect differences
between active treatment(s) and placebo (Calabrese et al. 2001). Although lithium’s
approval as a maintenance treatment for BD was based on early maintenance
studies, its efficacy in preventing mood relapses was replicated by most studies
using modern methodology (Bowden et al. 2000, 2003, Calabrese et al. 2003;
Weisler et al. 2011). However, in the first maintenance study using modern research
methods, neither lithium nor divalproex was superior to placebo in delaying any
mood relapse, and there was no significant difference between the two agents in
delaying mood relapses (Bowden et al. 2000).

In the BALANCE study (2010), lithium was superior to valproate in delaying
any mood relapse with an HR of 0.71 (95 % 0.51, 1.00), corresponding to 29 % risk
reduction. The contradictory findings of lithium versus divalproex in delaying any
mood relapse from the BALANCE study and that of Bowden and colleagues
(Bowden et al. 2000) might be due to different study designs. In the BALANCE
study, no specific medication was required for stabilization and all patients were
euthymic. In the study by Bowden and colleagues, patients could be treated with
valproate, lithium, valproate plus lithium, or with neither drug and were in
euthymia or had differing severity of manic symptoms. Moreover, in the divalproex
study, confounding factors included a higher dropout rate and fewer randomized
patients in the lithium group, as well as milder symptom severity than in other
studies.

The combination of lithium and valproate was superior to valproate alone in
delaying mood relapse with an HR of 0.57 (95 % CI 0.40, 0.80), corresponding to a
43 % risk reduction (Table 10.1). This suggests that combination therapy should be
considered when valproate alone is not effective. The run-in treatment with lithium
and valproate to enrich a sample of patients who tolerated these two medications
made this study similar to a study with relapse-prevention design. However,
randomization in this study was not blinded, which limits its generalizability.

Quetiapine monotherapy (HR =0.29) (Weisler et al. 2011) and quetiapine
combination therapy relative to placebo (HR =0.28 —0.32) have similar HRs,
suggesting that quetiapine is effective in preventing both manic/mixed and depres-
sive relapses (Table 10.1), and that it may not be necessary to start quetiapine with a
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mood stabilizer for maintenance treatment of BD-I (Suppes et al. 2009; Vieta
et al. 2008b). The rates from open-label treatment to randomization of quetiapine
monotherapy and combination therapy were 48.1 % (Weisler et al. 2011) and
38.8 % (Suppes et al. 2009; Vieta et al. 2008b), respectively. Discontinuation due
to adverse events during the open-label phase was 14.2 % for monotherapy and
18.2 % for combination therapy, suggesting that combination therapy increased risk
of non-randomization due to adverse events.

Another study found a trend for olanzapine to delay symptomatic relapse
compared to lithium (Tohen et al. 2005). The same study found that olanzapine
delayed syndromic relapse for significantly longer than lithium, underscoring the
notion that the definition of relapse can affect study results. Quetiapine was superior
to lithium with an HR of 0.66 (95% CI 0.49, 0.88) for any mood relapse (Weisler
et al. 2011), and olanzapine was superior to paliperidone in delaying any mood
relapse (Berwaerts et al. 2012), indicating that some medications might be superior
to others in delaying any mood relapse and/or depressive relapse.

10.3.2 Time to Manic/Mixed Relapse

With the exception of quetiapine in patients with a depressive index episode
(Young et al. 2014) and olanzapine therapy adjunctive to a mood stabilizer
(Tohen et al. 2004), active treatments in all other studies were superior to placebo
in delaying mood relapse as well as manic/mixed relapses (Table 10.1). The
non-superiority of quetiapine in this study might be due to the study index episode
(Young et al. 2014). The rate of manic/mixed relapses in the placebo arm of this
study was 11 % (Young et al. 2014), and in the study with a manic, mixed, or
depressive index episode it was 30% (Weisler et al. 2011). This supports the
possibility that a study that includes only patients with a depressive index episode
might not have enough manic/mixed episodes to compare between treatment arms.

The importance of sample size in detecting a difference between active treat-
ments and placebo was supported by lamotrigine studies and the olanzapine
combination therapy study (Table 10.1). In original separate analyses, lamotrigine
was not superior to placebo in delaying manic/mixed relapses in patients with a
manic/mixed index episode (Bowden et al. 2003) or with a depressive index
episode (Calabrese et al. 2003). In a pooled analysis of these two studies, both
lamotrigine and lithium were significantly superior to placebo in delaying manic/
mixed relapses (Goodwin et al. 2004) although the effect of lamotrigine was small
(HR for manic/mixed relapses was 0.64, corresponding to a 36 % risk reduction).
Both separate and pooled analyses showed that lithium was more effective than
lamotrigine in delaying manic/mixed relapses with an HR of 0.55 (95% CI 0.319,
0.949) (Goodwin et al. 2004).

Among active treatment head-to-head comparisons, only olanzapine was supe-
rior to paliperidone in delaying manic/mixed relapses. There were no significant
differences between lithium and valproate or between quetiapine and lithium in



10 Pharmacological Treatment of the Maintenance Phase of Bipolar Depression:. . . 223

delaying manic/mixed relapses (Table 10.1). Lithium was superior to lamotrigine in
delaying manic/mixed relapse in “enriched” relapse-prevention studies (Goodwin
et al. 2004), but not in an open-label effectiveness trial mimicking clinical practice
(Licht et al. 2010). These findings highlight the impact of enrollment and study
design on results from different studies.

10.3.3 Time to Depressive Relapse

In contrast to delaying the time to relapse of manic/mixed episodes (Table 10.1),
only quetiapine, lamotrigine, olanzapine, and lithium were significantly superior to
placebo in delaying time to depressive relapse. For lithium, this was only observed
in one of three studies (Bowden et al. 2003; Calabrese et al. 2003; Weisler
et al. 2011). The risk reduction for depressive relapses with lithium was smaller
than that for manic/mixed relapses, with an HR of 0.59, corresponding to a 41 %
risk reduction for depressive relapses versus an HR of 0.37, or a 63 % risk reduction
for manic/mixed relapses (Weisler et al. 2011).

Olanzapine also appeared to more effectively prevent manic/mixed relapses than
depressive relapses (Tohen et al. 2006) although olanzapine was significantly
superior to placebo in delaying depressive relapses in two studies (Tohen
et al. 2006; Vieta et al. 2012). However, only quetiapine demonstrated robust
results of equal or better efficacy for preventing depressive relapses than for
manic/mixed relapses (Table 10.1). Among the combination therapies, only
quetiapine with a mood stabilizer was superior to placebo in delaying depressive
relapses. Quetiapine was superior to lithium in delaying depressive relapses with an
HR of 0.54 (95 % CI 0.35, 0.84), corresponding to a 46 % risk reduction (Weisler
etal. 2011). In terms of lithium versus divalproex in preventing depressive relapses,
the results were inconsistent (Bowden et al. 2000, BALANCE 2010).

10.3.4 Effect of Early Relapse

Early relapse might occur as a result of acute withdrawal of an active open-label
treatment in patients who were randomized to placebo and/or a different active
treatment. Such an effect might distort the results of a relapse-prevention study, i.e.,
inflate the effect of a blind treatment with the same treatment as that in the open-
label phase. However, post hoc analyses of lithium and lamotrigine maintenance
studies—after excluding all events in the first 28 days—found that lamotrigine and
lithium were still significantly superior to placebo in delaying intervention for any
mood relapse (Goodwin et al. 2004).

Similarly, after excluding events in the first four weeks post-randomization,
quetiapine and lithium were still significantly superior to placebo in delaying any
mood recurrences, with HRs of 0.27 and 0.41, respectively. Quetiapine was also
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superior to lithium for delaying any mood relapses with an HR of 0.70 (Weisler
et al. 2011). All these differences in HRs were similar to those that included all
events in the primary analyses (Table 10.1). Similar findings were also observed in
quetiapine therapy adjunctive to a mood stabilizer after excluding events occurring
in the first 28 days (Vieta et al. 2008b; Suppes et al. 2009). These data suggest that
early relapses had little impact on the overall efficacy of a medication for long-term
prevention of any mood recurrence.

10.3.5 Relapse Versus Recurrence

Although relapse and recurrence are interchangeably used in most maintenance
studies, some researchers believe that there is a difference between the terms. Mood
episodes that have the same polarity as the index episode and that occur within the
first few months are considered to be relapses instead of recurrences (Ghaemi
et al. 2004). Prevention of recurrences should be a main outcome measure of true
maintenance efficacy (Calabrese et al. 2006). However, most maintenance studies
have not separated relapses from recurrences. A post hoc analysis of lithium and
lamotrigine maintenance trials found that after excluding patients who relapsed to
the same polarity as the index episode within 90 days, both agents were still
significantly superior to placebo in delaying any mood relapse (Calabrese
et al. 2006). Similar results were observed after excluding patients who relapsed
into the same polarity as the index episode within 180 days.

These time-to-event data suggest that among all studied drugs in bipolar main-
tenance, only quetiapine monotherapy or adjunctive therapy to lithium or valproate
were equally effective in preventing manic and depressive relapses. The rest of the
studied drugs were only effective in preventing manic/mixed relapses or more
effective in preventing manic/mixed relapses than preventing depressive relapses.
Limited data suggest that early relapse had little effect on the overall maintenance
efficacy of the studied drugs.

However, it should be kept in mind that different studies used different study
index episodes; most studies used a manic/mixed episode as the index episode
(Table 10.1). Only one study included patients with BD-II (Young et al. 2014).
Among the larger sample studies, only the BALANCE study used a design close to
a prophylactic study. Because of these differences, it is inappropriate to compare
the results from different studies. Even in the same study, true differences between
adrug, placebo, or comparator cannot be defined because remitters were “enriched”
in the open-label phase with medications that the study sponsor selected. The only
“fair” comparison from these relapse-prevention studies probably occurred in the
olanzapine versus lithium study (Tohen et al. 2005), where the patients who entered
the randomization phase were those who responded and tolerated both lithium and
olanzapine.
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10.4 Efficacy Based on Relapse Rate

In contrast to HR, the relapse risk can also be estimated without considering
the length of time when a recurrence occurs. Most recent studies used relapse/
recurrence rates of any mood, manic/mixed, or depressive episode as secondary
outcome measures. Comparing recurrence rates between active treatment(s) and
placebo or a comparator can also provide clinically relevant information, especially
when using evidence-based measures such as the number needed to treat (NNT).
Our previous analyses showed that NNTs for preventing any mood relapse ranged
widely (Gao et al. 2015). Below, we use NNT to estimate the magnitude of efficacy
differences between active treatments and their comparators.

10.4.1 Any Mood Relapse

With the exception of a few studies with smaller sample sizes, all studies with larger
sample sizes showed that active treatments were superior to placebo in preventing
any mood relapse, with NNTs from three to 13 (Table 10.2). The results of
olanzapine in three different studies suggest that the effect of open-label treatment
on post-randomization might depend on the spectrum efficacy of open-label med-
ications and post-randomization active treatments (Berwaerts et al. 2012; Tohen
et al. 2006; Vieta et al. 2012). All three studies enrolled patients in manic/mixed
states. Patients were treated with olanzapine during the open-label phase in two
studies (Berwaerts et al. 2012; Tohen et al. 2006), but in the third study (Vieta
et al. 2012) patients were treated with risperidone long-acting injection during the
open-label phase. However, the NNTs for preventing any mood relapse with
olanzapine relative to placebo in these three studies were the same, with a mean
NNT of three (Table 10.2). It is possible that risperidone long-acting injection had
no “withdrawal” effect on mood relapse in patients who switched to olanzapine.
Meanwhile, both risperidone and olanzapine were more effective for preventing
manic than depressive relapses (Table 10.1), which might be the reason that
olanzapine had the same efficacy in three studies regardless of the difference in
treatments during the open-label phase.

The index episode appeared to play a more important role than open-label and
post-randomization treatments in study outcomes (Weisler et al. 2011; Young
et al. 2014). In both quetiapine monotherapy studies, patients were treated with
quetiapine during the open-label phase for stabilization, but one study included
patients with a manic/mixed or depressive index episode (Weisler et al. 2011) and
another included only patients with a depressive index episode (Young et al. 2014).
The NNTs for preventing any mood relapse with quetiapine relative to placebo
were three (95 % CI 3, 4) in the study with the manic/mixed or depressive index
episode and six (95% CI 4, 12) in the study with the depressive episode only
(Table 10.2). These support an early observation that an index episode could also
affect the efficacy of a drug in maintenance treatment of BD (Shapiro et al. 1989).



K. Gao et al.

226

syoom 81
p(0T— 00 °8) €L H0€°9) 9 ST ¢ £€8=u"‘04d 01 XIs 10j Kep/3ui O¢ 10 ST ZdV L9S=N
(11— 00 '8) ¥9 (1€ %) 9 (STe) ¢ 8L = u ‘sKep/Sw (¢ 10 G| ZdV S399m 97 M PIJRAI) PIXIW 10 JIUBI (9002) ‘T8 19 3093
AI[Iqe)s pooul JO SYoaM
QATINOASUOD OM]) [IIM SYOIM
9¢1 =u‘0dd 1 01 x1s 10§ Kep/Sw 076 7710 IEL=N
(6L— 0 *¢) 11 Loy o€ Sgg=u ‘skep/3w 0z—S 710 SYo9m 8y M PIJRAIL) PIXIW IO JIUBI (9002) ‘Te 12 uayoL,
syoom
91 03 1yS1e 103 Adesoyjouowr
881 = ‘0Odd 10 Aderoy) aanoun(pe
(E1— 00 '6) € (TT9) 8 81 %) 9 P91 =u ‘[/bgur ['-80 I'T se W 0g—001 DLT UM parean SIET=N
H(§6— 0 °9) ¥1 A61— ‘00 %6) €€ S(TT1 ‘) 01 | €rg=u ‘skep/Sw 00y—001 OLT sypuout 8| :passaidop 10 ‘poxIw ‘Ol (¥002) ‘T& 19 UIMpoOD
S)ooM 9
01 Jy310 103 Aderoy) aanoun(pe 10
Kderoyjouow Kep/3wr 00Z—001
121 =u‘04d DLT WM pajean) syiuow xis
(6— ‘o '8) 98 (€€1— ‘00 ‘9) €1 (97— "0 ‘) 11 Il =u ‘|/bgu 1'[-§'0 I'T urgim oposido otssaidop 996 =N
(91— 00 ‘9) 0T (T1— 00 “T1) 6L¥ (ST— 00 9) 61 17g = ‘skep/3w 00F/00T OLT sypuout g1 Jofew 1o uorssaxdop [-Qd | 4(€00T) ‘T8 12 sdIqe[e)
SyoaM 9
01Jy310 10j Aderoy) aanoun(pe 10
Kderoyjouow Kep/3w 00Z—001
69=u‘04d OLT yim paean skep 09
(I1— "0 p) €1 (354 60D¢ i =u by 1'1-8°0 I'T urgyim druewod y/oruew 6veE=N
(Is°€)9 (6— 2 °6) 91 (€904 86 = u ‘skep/3w 00001 OLT syiuout g1 10 druewodAy/sruewr juaimy) (€£007) 'T® 19 uspmog
syoam 71
10j IIaU 10 T+ VdA
T6=1u‘0dd T VA um parean :aposido
(9¢— ‘0 9) 91 (01— 00 ‘8) 89 (91— 0 °¢) €1 06=u ‘/lowuw '1-8°0 I'T OIUEW € J91JE BIUAY)IND IO ‘BIUEW ILS=N
(67 ‘) 01 (17— 00 °Z6) 1T (V€ P L L81=1u ‘Tw/3 ¢TI-1L VA SYOOM TG | WOy PaIoA0dal Affenied druepy (0007) 'T& 19 uspmog

sjusuean) doueudurew Aderoy

JOUOW PI[[OXU0I-0qade[]

(ID % S6) U
INN
asderar aarssardog

(1D % S6) UesN
INN
asderar

POXIA/PIUBI

(ID % S6) WS
INN
asdefar poowr Luy

sjuarjed
JO IoqUINU pue UOTJeZIWOpPUET
Sunmp sjuouyear],

aseyd pozruopuer
Jo uoneIn(

juounean [oqef-uado
pue soposido xopuy

az1s 9[dures pue Apnig

QA1)OE ue Io OG—OQN~Q SNSISA jualujeal) 9A1J0e JO Sojel

Joyeredwod

asdefar poow pue ooueudjurewr Jefodiq UI S[ELI) PI[[ONUOD ‘pazIWIOpuel jo Arewwng g'0T d[qel



227

10 Pharmacological Treatment of the Maintenance Phase of Bipolar Depression:. . .

(ponurnuod)
Anmiquss
TeOTUTO JO SYoam T ISedl Je lIim
syoom 9¢ 03 dn 1oy [u/3r g7 1—-0S
L9E=1U VA 10 I'T+0dd VdA 1o [/bgur 7' 1-6°0 1T+ Aep
9¢e=1u ‘VdA /3w 008-00t dLO Wim pajean 19T =N
o1 L 01 °9)9 Fo¢ 10 7+ Kep/Sw 008-00t dLO $Y0OM $0T :passaIdop 10 ‘paxIUI “OTURIA] (Q8007) T& 10 BRIA
SYooM XIS
1oy Kep/3w 0z—¢ 2710 +
8% =1 ‘VdA 10 'T+0dd syeom om) < 10 Tuy/Sl GZTT-08
Is=u VdA 10 1/bgu 7'1-9°0 091 =N
5(91— 0 ‘¢) 9 5(8— 00 p) 11 5(0C— ‘00 °¢) S | ‘VdA 10 T+ Aep/3w 07— Z'10 syuow g1 | 1T YPIM parean (pIxIW 10 JlUeN (¥002) 'Te 32 uayo,
SIOZI[IQR)S POOW puk sONoYdAsdue Jo sJUAUWILI) UOHBUIQUIOD PI[[0JIU0I-0qdde]]
gl =u ‘vondalur 0gd + 0dd
qer=u ‘SyeoMm 7T
‘uondafur 0gd + Lep/3w 01 Z10 10J YoM Om1/Fw (OG-
(9pp— ‘00 “9) 71 Loy CDe¢ eI =u IVTY UHA pajear) {paxtur 09S=N
(6— ‘o0 *¢1) 95— L1y o9 (8°¢) 9| ‘Odd+s¥oam /3w 06T IV T syjuow g| 10 DIUBW 9JNIB-UOU 10 ANOY (2T107) T8 1