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Foreword 

Bipolar disorder is a major public health problem, a reality reflected in its posi-
tion as the sixth leading cause of disability worldwide in 15 to 44-year olds –
the age range most associated with the onset of the disorder. Two-thirds of this
disability can be traced to the depressive phase of the disorder. While it is
beyond question that treatments for the depressive phase of bipolar disorder
represent the major unmet need for patients with bipolar disorder and their cli-
nicians alike, it is striking how out of balance the medication development for
this disorder has been. With one exception, every drug developed for bipolar
disorder has entered the market as a treatment for acute mania, so that we now
have nearly a dozen agents proven to work for this indication. 

What proven treatments do we have for bipolar depression? There are two
with FDA indications for the acute treatment of bipolar depression, but only
one of them is a drug, the other being a combination of two drugs marketed in
a single pill. The one monotherapy that has been proven to the satisfaction of
regulatory agencies is quetiapine, and yet, in spite of its ability to separate
from placebo in its effect on core depressive symptoms, the size of the overall
quetiapine effect in bipolar depression comes substantially from its ability to
improve sleep and reduce anxiety.

What about monotherapies that can prevent or attenuate new episodes of
depression when used as maintenance treatments? One agent – lamotrigine –
is effective in reducing the time to intervention for new episodes of depression
among patients with bipolar disorder studied following remission from acute
mania or acute depression; in addition, the older maintenance data on lithium
suggest that that drug has at least a moderate ability to prevent or attenuate
depressive episodes. Placebo-controlled “maintenance” studies of olanzapine
and aripiprazole monotherapy show that the great bulk of the difference
between drug and placebo occurs in the continuation phase of treatment, i.e. in
the first few months after a manic episode (primarily by preventing relapse
back into the index manic episode). However, the ability of any atypical
antipsychotic to prevent or attenuate new episodes of depression has not yet
been established.   

What about the host of “traditional” antidepressants – both the older tri-
cyclic and MAO inhibitor classes and the newer “second-generation” SSRIs,
SNRIs, bupropion and a few others? None of these “traditional” antidepres-
sants has ever been FDA-approved for bipolar depression. Indeed, in all of the
numerous large studies conducted in the process of registering these drugs as
antidepressants, patients with bipolar disorder were excluded. And recent large
randomized studies of patients with bipolar disorder in the depressive phase



(by the NIMH STEP program and the Stanley Bipolar Network) have shown
little, if any, benefit to adjunctive traditional antidepressants when compared
with mood stabilizers alone.

From the above, it should be obvious that I believe that a book focusing on
bipolar depression can bring much needed additional attention to this under-
developed area. Drs. Manji and Zarate have pulled together an impressive
international array of major leaders from a broad swath of inter-related disci-
plines, from clinical phenomenology to basic molecular and cellular neurobi-
ology, genetics, neuroimaging, and circadian physiology. 

Starting the book with chapters on phenotype underscores the Editors’
belief, which I share, that a careful examination of clinical phenomenology is
the foundation required for the development of rational neurobiological and
genetic hypotheses of bipolar disorder. Of course the ultimate test of any neu-
robiological observation is whether it can lead us to new and more refined
treatments, especially, in this context, pharmacological agents. While that
remains to be seen, several promising leads are explored herein, especially in
a chapter the Editors wrote devoted to novel therapeutics. 

As with any edited book, the challenge for both the Editors and the readers
is to be able to extract integrated themes, drawing on insights from all the
diverse chapters. With the help that the Editors have provided for the reader,
this integration and synthesis is both achievable and welcome.

Dr. Frederick K. Goodwin
Research Professor of Psychiatry and Behavioral Sciences
Director, Center on Neuroscience, Medical Progress, and Society
George Washington University Medical Center
Washington, DC, USA
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Section A:
Bipolar depression: Clinical
phenotype and course of illness



The history of bipolar disorders

Andreas Marneros

Department of Psychiatry and Psychotherapy, Martin Luther University Halle-Wittenberg, Germany

Abstract

Bipolar disorders have a long history. Depression and mania are mankind’s oldest known
mental disorders, and they were the first mental disorders conceptualised by Hippocrates as
a part of medicine. Mania and depression as part of one and the same disease – what we
today call bipolar disorder – was first described by the famous Greek physician of the first
century AD, Aretaeus of Cappadocia.

The next  decisive step in the development of our conceptualisation of bipolar disorders
was done by two French psychiatrists, Falret (1851) and Baillarger (1854), who described
them as separate entities. At the end of the 19th century, Emil Kraepelin subsumed all kinds
of mood disorders – both unipolar and bipolar – under the umbrella of manic-depressive
insanity. But there was also strong opposition against the very influential opinions of
Kraepelin, especially by the so-called Wernicke-Kleist-Leonhard school (Karl Kleist coined
the term ‘bipolar’), which subclassified bipolar disorders into distinct entities. In 1966, Angst
and Perris showed that unipolar and bipolar disorders are autonomous. That was also the start
of a very rapid development of concepts, research, and general knowledge about bipolar dis-
orders. Subgroups like cyclothymia, hypomania, and mixed states were identified or re-iden-
tified. Another innovation was the development of a bipolar spectrum disorder concept. An
overlap of bipolar and schizophrenic spectra can be postulated which is certainly genetical-
ly determined, and which gives rise to states like bipolar schizoaffective disorders or acute
polymorphic disorders.

Origins: from Homer to Aretaeus

Depression and mania are the oldest known mental disorders of mankind.
Depression was the first mental disorder diagnosed by a physician – not by a
priest or magician – at least according to Homer. If we accept that the mental
disorder of Ajax in the Iliad, which led to his suicide, was an agitated depres-
sion, then Podaleirios – the mythic founder of internal medicine and, together
with his brother Machaon the surgeon (both were sons of Asklepios), doctors
of the Trojan war – diagnosed the ‘madness’ of Ajax by examining him phys-
ically, especially by looking in his eyes.

Independent of the mythic traditions, depression (melancholia) and mania
are two of the earliest human disorders scientifically described by Hippocrates
and the Hippocratic physicians. Hippocrates assumed a biological basis –
namely disturbances or damages of the brain – for depression and mania, but
also for hallucinations, delusions, anxiety, etc. [1]: “We suffer all those …
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through the brain when it is ill …”1 (Hippocrates, On the Sacred Disease).
Although melancholia and mania were known to Greek physicians and
philosophers long before, Hippocrates (460–337 BC) was the first to system-
atically describe them in a scientific way. His book On the Sacred Disease
could be seen as the beginning not only of scientific medicine in general, but
also of psychiatry; he disconnected mental and physical diseases from mysti-
cism, God, and punishment and connected them to physiological processes
and to the environment. Mental functions or states like emotions, thinking,
perception, volition, and behaviour were – according to Hippocrates – also
linked to the brain. Hippocrates based his theories and opinions on the materi-
alistic views of Pythagoras and his scholars, especially Alcmaeon, but also
Empedocles. The views of Alcmaeon of Crotona, who may have been the first
Greek philosopher and scientist to experiment with animal brains (perhaps at
the same time as another great Greek philosopher, Anaxagoras), obviously had
a great influence on Hippocrates (see also [2]). Hippocrates was strongly inter-
ested in the branch of medical science that about 2200 years later (in 1808 AD)
would be named ‘psychiatry’ by Johann Christian Reil [3], and he was the first
to classify mental disorders (into melancholia, mania, hypomania, and para-
noia). Together with his fellows (the so-called Hippocratic physicians) he also
described organic and toxic deliria, postpartum psychoses, and phobias, and he
made the first attempt to describe personalities (choleric, phlegmatic, san-
guine, and melancholic personalities) [1, 2].

The term melancholia (Greek; ‘black bile’; melas = black, cholé = bile) is
older than Hippocrates and is based on biological assumptions like that of
Alcmaeon, who postulated that the origin of mental disorders was a disturbed
interaction of body fluids and the brain, but Hippocrates systematised these
views. As a basic characteristic of melancholia, he assumed a long lasting anx-
iety or fear (Greek: phobos) and moodiness (Greek: dysthymia). Later,
Hippocrates as well as Aristotle distinguished between the disease ‘melancho-
lia’ (Greek: nosos melancholiké) and the corresponding personality type
(Greek: typos melancholicós). Whereas the first is a disease, the second is a
personality type.

In contrast to the etymology of melancholia, that of mania is not clear. Even
in Homer’s time it was associated with several different meanings. The Roman
physician Caelius Aurelianus gave at least seven possible etymologies of the
Greek word in his book On Acute Diseases (translated by Drabkin in 1950). In
the classical Greek era four main meanings of the word mania were described:
1) a reaction to an event with the meaning of rage, anger, or excitation, e.g., in
Homer’s Iliad, 2) a biologically defined disease (Hippocrates, Aretaeus of
Cappadocia), 3) a divine state (Socrates, Plato), 4) a kind of temperament,
especially in its mild form, e.g., hypomania (Hippocrates) [1].

4 A. Marneros
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The birth of bipolar disorders

The first to describe mania and melancholia as a bipolar disorder was the
Greek physician Aretaeus of Cappadocia in the first century AD. Some of his
contemporary physicians had similar views (e.g., Caelius Aurelianus, who
himself believed that mania and melancholia did not belong together, but nev-
ertheless cited the contrary views of Apollonius). Aretaeus of Cappadocia was
a Greek physician who lived in Alexandria, Egypt in the first century AD. He
was the most prominent representative of the ‘Eclectics’ school of philosophy
and was strongly influenced by Hippocrates. In his books On the Aetiology and
Symptomatology of Chronic Diseases and The Treatment of Chronic Diseases
he had several chapters on mental disorders like melancholia, mania, phrenitis,
and others. He depicts the symptomatology of melancholia as follows: “The
symptoms [of melancholia] are not unclear: [the melancholics] either are quiet
or dysphoric, sad or apathetic; additionally they could be angry without reason
and suddenly awake with panic.” In the book On the Causes and Symptoms of
Chronic Diseases the symptoms of mania were specified as follows: “Some
patients with mania are cheerful, they laugh, they play, they dance day and
night, they stroll in the market, sometimes with a garland on their heads, as if
they had been winner in a game: these patients do not bring worries to their rel-
atives. But others fly into a rage. … The manifestations of mania are countless.
Some manics, who are intelligent and well educated, deal with astronomy,
although they never have studied it; they deal with philosophy, which they had
studied autodidactically; they consider poetry as a gift of muses.”

Some authors have claimed that the concept of mania and melancholia as
described by Hippocrates, Aretaeus, and other ancient Greek physicians dif-
fered from modern concepts. That is not correct. Rather, the classical concepts
of melancholia and mania were broader than the modern concepts, but their
core is the same [1].

Aretaeus considered melancholia and mania as two manifestations of one
and the same disease: “… I think that melancholia is the beginning and a part
of mania. … The development of a mania is really a worsening of the disease
[melancholia] rather than a change into another disease. … In most of them
[melancholics] the sadness disappears after various lengths of time and
changes into happiness; the patients then develop a mania.”

Resurrection and re-birth of bipolar disorders in modern times

A very long time elapsed between the descriptions of Aretaeus of Cappadocia
and new concepts of bipolar disorders. These concepts were put forward 1900
years later by Jean-Pierre Falret [4, 5] and Jules Baillarger [6]. Yet the time
between Aretaeus and the two French psychiatrists (Falret and Baillarger) was
not empty. Many classical Greek and Roman physicians, such as Asclepiades
(who established Greek medicine in Rome), Aurelius Cornelius Celsus (who

The history of bipolar disorders 5



translated the most important Greek medical authors into Latin), Soranos of
Ephesus, his scholar Caelius Aurelianus, and later Galenos of Pergamos wrote
about melancholia, mania, and other mental disorders [1, 2].

Many European authors described (without knowing the work of Aretaeus)
the longitudinal association of mania and melancholia, including Willis [7],
Morgagni [8], Lorry [9], Heinroth [10], and Griesinger [11, 12] (see also [13,
14]). Then in 1851, Jean-Pierre Falret, a pupil of Esquirol, published a 14-sen-
tence-long statement in the Gazette des Hôpitaux (“De la folie circulaire ou
forme de maladie mentale caracterisée par l’alternative régulière de la mélan-
cholie”). Falret described for the first time a separate entity, which is charac-
terised by a continuous cycle of depression, mania, and free intervals of vary-
ing length and which is different from simple depression. Three years later he
completed his concept [5] by defining the sequential change from mania to
melancholia and vice versa and the interval in between as an independent dis-
ease of its own, the ‘folie circulaire’ [1, 15]. Three years after Falret’s first pub-
lication, Jules Baillarger [6] described the ‘folie à double forme’. Baillarger
(arguing very aggressively against Falret) assumed a type of disease in which
mania and melancholia change into one another, but the interval is of no
importance. In contrast, Falret involved the intervals between the manic and
the melancholic episodes in his concept; even episodes of mania and melan-
cholia separated by long intervals belonged together, forming the ‘folie circu-
laire’ [1, 15]. The concepts of ‘folie circulaire’ and ‘folie à double forme’
found a receptive audience in German-speaking countries [16] as well as in
English-speaking countries (as evidenced by publications in Brain [17] and in
the American Journal of Insanity [1, 15, 18]).

At the end of the 19th and beginning of the 20th Centuries it was Emil
Kraepelin’s fundamental work that strongly influenced psychiatric thinking
worldwide. He eliminated the distinction between unipolar and bipolar forms
and included all types of mood disorders into the unitary concept of manic-
depressive illness, which later proved to be a step back [1, 14, 19–21].
Although Kraepelin himself was non-dogmatic and had severe doubts regard-
ing the validity of his concept [22–24], his followers contributed to some
inflexible positions. In his two fundamental works Die Klinische Stellung der
Melancholie (‘The clinical position of melancholia’) and the sixth edition of
his textbook Psychiatrie – both published in 1899 [20, 21] – Kraepelin
reported on merging ‘circular insanity’ and unipolar types as two subtypes of
one and the same disorder, namely manic-depressive insanity (‘manisch-
depressives Irresein’). He wrote: “Unfortunately our textbooks do not help us
at all in distinguishing between circular depression and melancholia in cases
where the course itself is not informative. The description of melancholic
states is absolutely identical to that of circular depression and we can hardly
doubt that the most beautiful and exciting descriptions of melancholia are
mostly derived from observations of circular cases” [20, p. 328]2. And some

6 A. Marneros

2 All translations from the German by the author of the present paper.



pages later: “Apart from our experience that in a whole series of manic
episodes a depressive one can occur unexpectedly, and that those cases are
immensely rare in which – apart from manic irritability – not the slightest
feature of depression is visible, it is absolutely impossible to distinguish
these manic fits of circular insanity from periodic mania. But if periodic
mania is identical with circular insanity we cannot deny the possibility that
also periodic melancholia, or at least some of the cases designated so, must
in fact be understood as a kind of circular insanity in which all the episodes
take on a depressive hue, just as in periodic mania they all have a manic
tinge” [20, p. 333].

In many countries an opposition to Kraepelin’s views arose, but due to his
enormous influence this opposition was ignored for many years. Especially the
German school of Wernicke, Kleist, and Leonhard delivered subtle descrip-
tions of various affective syndromes, which were assumed to be separate enti-
ties. The father of the term ‘bipolar’, Karl Kleist, and his fellow Karl
Leonhard, gathered many clinical and family history data to support the dis-
tinction between ‘unipolar’ and ‘bipolar’ [25–29].

Unfortunately Kleist’s opinions had no relevant influence on international
psychiatry for a long time, at least until 1966, the year of the ‘re-birth’ of bipo-
lar disorders, as Pichot [15] called it. In that year two fundamental studies were
published: Jules Angst’s monograph Zur Ätiologie und Nosologie endogener
depressiver Psychosen (‘On the aetiology and nosology of endogenous depres-
sive psychoses’) [30] and Carlo Perris’s article on A study of bipolar (manic-
depressive) and unipolar recurrent depressive psychoses [31] in a supplement
of Acta Psychiatrica Scandinavica. The studies of Angst and Perris, which
were carried out independently of each other, uncovered very similar findings
[32]. They revealed (in summary) that:

1. genetic and peristaltic factors have a synergic impact on the aetiology of
‘endogenous’ depression

2. there is a relationship between female gender and ‘endogenous’ depression;
bipolar disorders, however, are equally represented in males and females

3. manic-depressive illness is not homogeneous in a nosological sense. Uni-
polar depression differs significantly from bipolar disorders in many char-
acteristics

4. unipolar depression has a strong genetic relationship to bipolar disorders.

The work of Angst and Perris, but also that of George Winokur, Paula Clayton,
and Theodore Reich [33, 34], showing very similar findings, confirmed some
fundamental assumptions of Wernicke, Kleist, and Leonhard and contributed
to a real explosion of interest and knowledge in the field of bipolar disorders
[14, 35, 36].
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Recent developments

In summarising the developments of the last half century it can be pointed out
that despite the very dynamic development of biological knowledge about
bipolar disorder, which includes genetics and treatment, and which is dis-
cussed in various chapters of the present book, the description or re-descrip-
tion of various disorders belonging to a wide bipolar spectrum and their lon-
gitudinal course is an essential completion of the concept.

Apart from the classical syndromes of bipolar depression and mania, other
special bipolar syndromes were more or less intensely studied: cyclothymia,
hypomania, mixed states, bipolar schizoaffective disorder, and other mood dis-
orders or even personality states [37–40].

One of the re-discoveries was that of cyclothymia. Cyclothymia is an old
and controversial term, first published by Ewald Hecker in 1877 [41], but
coined by his teacher Karl Kahlbaum. According to Kahlbaum, ‘cyclothymia’
refers to the mildest type of bipolar disorders; the term was accepted by
Hecker [42] and also by Kraepelin [21]. Ernst Kretschmer [43] described a
cyclothymic temperament, and called cyclothymia a “broad constitutional
overterm involving health and disease in the same way”. The boundaries of
cyclothymia as a mood disorder or as a disorder of temperament or personali-
ty are not yet clear [37–40].

Another old term, re-discovered in recent years, is hypomania. It was, how-
ever, first described by Emanuel Mendel in 1881 [44]. Mendel was influenced
by Hippocrates, who first described the ‘hypomanics’ to characterise a type of
hyperthymic personality. Mendel wrote: “I recommend (taking under consid-
eration the word used by Hippocrates) to name those types of mania that show
a less intense phenomenological picture, ‘hypomania’” [44, p. 109]. In recent
decades hypomania gained importance through the description of bipolar II
disorders by Dunner, Fleiss, and Fieve [45]; through the description of recur-
rent brief hypomania by Angst [46]; and through its relation to hyperthymic
temperament [38]. Bipolar II disorders, characterised by episodes of major
depression and hypomania, are obviously more frequent than assumed earlier.
According to Angst and his co-workers [47] the prevalence of bipolar II disor-
ders amounts to between 5 and 11% of all bipolar disorders, depending on the
criteria applied.

In contrast to those mentioned above, the term rapid cycling is a modern
one. Dunner and Fieve first coined the term in 1974 [48]. Nevertheless, the
phenomenon itself was very well known earlier in psychiatry. Emil Kraepelin
may have been the first to systematically describe the phenomenon of rapid
cycling [21, 49]. The modern term ‘rapid cycling’, as well as the increasing
interest in this phenomenon, has also accrued since the advent of modern, suc-
cessful psychopharmacological treatments for bipolar disorder. The bound-
aries between ‘rapid cycling’ (having at least four cycles in a year) and not
‘rapid cycling’ (having fewer than four episodes per year) are in fact arbitrary,
although Dunner and Fieve found that lithium non-responders tended to
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belong to the group of patients who had more than four episodes annually. The
subsequent work of Wehr and Goodwin [50] replicated the findings of Dunner
and Fieve and additionally anticipated that antidepressant agents could con-
tribute to the manifestation of rapid cycling, a finding that has also been repli-
cated by others [51–53] (see also [54]). The DSM-IV [55] included ‘rapid
cycling’ as a specifier of longitudinal course, but not as a specific mood disor-
der subtype. The ICD-10 of the World Health Organization [56] does not
include any specifier or subgroup ‘rapid cycling’.

The mixed states, too, have been re-discovered in the 20th century, perhaps
under the influence of pharmacotherapy and the recognition of its limitations,
especially regarding some sub-groups of bipolar disorders, one of which is the
mixed states [35, 57]. The description of mixed states dates back to the very
beginning of psychiatry [1], but the German psychiatrist Johann Christian
August Heinroth – who was actually the first professor of ‘mental medicine’
in Europe, perhaps also worldwide – was possibly the first to classify them
[10]. He characterised ‘mixed states’ as a mixture of exaltation and depression
(hyper-asthenias) and divided them into three groups, each having four sub-
groups: 1) ‘mixed mood disorders’; 2) ‘mixed mental disorders’, and 3)
‘mixed volition disorders’. The first to conceptualise the mixed states in mod-
ern terms were Emil Kraepelin [21] and his pupil Wilhelm Weygandt [58].
Weygandt was also the first to write a book on mixed states in which he con-
cluded: “The co-existence of the main symptoms of both typical episodes of
manic-depressive insanity, mostly only of short duration, is extraordinarily fre-
quent; in some cases the mixed states can occupy the entire episode or at least
the greater part of its duration; usually the later episodes have the tendency to
change to long-lasting mixed states; the course is in many aspects somewhat
more chronic than that of the pure manic or depressive episodes, but in other
ways the prognosis regarding the recovery of the episode is exactly the same”
[58, p. 63].

The renaissance of the study of mixed states began in the USA at the end of
the 1970s and the beginning of the 1980s as a consequence of the pharmaco-
logical revolution in psychiatry. Initial and relevant contributions were those of
Winokur and colleagues [34], Kotin and Goodwin [59], Himmelhoch and col-
leagues [60, 61], Akiskal and colleagues [62], Akiskal [63–65], Secunda and
colleagues [66], Goodwin and Jamison [67], Himmelhoch [68], McElroy and
colleagues [69–72], Swann and colleagues [73], and Akiskal and Pinto [74].
Another interesting aspect of the evolution of the mixed states concept is their
extension to the group of schizoaffective disorders. But although both ICD-10
and DSM-IV describe a group of ‘mixed schizoaffective disorders’, there is
unfortunately little work on the topic [75, 76]. My colleagues and I have
described the frequency, clinical characteristics, and the prognostic value of
schizoaffective mixed episodes [35, 77–90]. We have found that mixed states
and schizoaffective disorders do not seem to be rare; indeed, approximately
33% of bipolar schizoaffective patients had at least one mixed schizoaffective
episode over the long-term course of their illness [57].
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One of the most controversial issues of psychiatry concerns schizoaffective
disorders [91, 92]. Although they seem to be a nosological nuisance for many
researchers, they are an everyday reality for every clinician. In this sense they
are a challenge for nosologists and other researchers. The nuisance or problem
or challenge or reality of the ‘intermediate psychotic area’ or the ‘cases in-
between’ is even older than the term ‘schizoaffective’ itself, which was origi-
nated by Kasanin in 1933 [14, 91–99], though it may have begun with Karl
Kahlbaum [16] and led through Kraepelin’s work to the clinical empiricists of
the 20th century. The renaissance of schizoaffective disorders also began with
the work of Jules Angst in 1966 [30] when he investigated the schizoaffective
disorders (under the term ‘Mischpsychosen’ (mixed psychoses)) as a part of
mood disorders. This was an outlier’s position not only against the ‘zeitgeist’,
which considered schizoaffective disorders as part of schizophrenia, but was
also contrary to the opinion of his teacher Manfred Bleuler, who also assumed
they were a part of schizophrenia. Later investigations by Angst and his group
[100, 101], by Clayton and colleagues [102], by other members of the Winokur
group [103], by Cadoret and colleagues [104], and the voluminous compara-
tive studies of Marneros and co-workers [75, 78–84, 86, 105–111] strongly
supported the notion that the relationship between schizoaffective disorder and
mood disorders is stronger than the relationship between schizoaffective and
schizophrenic disorders.

Schizoaffective disorders can be divided into unipolar and bipolar using the
same criteria applied to pure mood disorders. Consequently, bipolar schizoaf-
fective disorders could be assumed to be part of the bipolar spectrum resulting
in an overlap of the affective and the schizophrenic spectra [99], and are prob-
ably genetically determined [112–114]. Clinical research also provides evi-
dence that the so-called polymorphic disorders (acute and transient psychotic
disorders) have strong similarities to the bipolar spectrum, building together
with schizoaffective disorders a continuum between the bipolar and the schiz-
ophrenic spectra [115].

The concept of a spectrum of manic conditions developed by Kretschmer
[43] and Eugen Bleuler [116] has undergone various modifications [1, 117].
Over the past decades the group of Jules Angst and Hagop Akiskal provided
evidence – based on clinical observations, epidemiological studies, and a
sound knowledge of the literature – to establish and enlarge this idea of a con-
tinuum [19, 37, 46, 100, 117–122]. The modern concept of a bipolar spectrum
includes variations of overlapping temperament, personality, and clinical pic-
ture in the affective and schizophrenic spectra [99]. Bipolar schizoaffective
disorders, as well as acute and transient psychotic disorders – especially the
acute polymorphic psychoses (the so-called ‘cycloid psychoses’ of Wernicke,
Kleist, and Leonhard or the ‘Bouffée délirante’ of Magnan) – may be the most
important clinical manifestations of a genetically determined overlap of schiz-
ophrenic and affective spectra [113, 114], as shown in Figure 1.

Finally, the history of the treatment of bipolar disorders is the history of
treatment in psychiatry. The physical therapies devised by Greek and Roman
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physicians were applied with fewer or more modifications up to the end of the
19th century. Phytopharmacotherapy, insulin, cardiazol, electroconvulsive
treatment, opium, alcoholic beverages, narcotics (already used by the Greeks),
bromides, chloral hydrates, rauwolfia serpentina, and other drugs were still
used in the 20th century until the development of modern psychopharmacolo-
gy [2]. The psychopharmacological revolution in psychiatry began in the sec-
ond half of the 20th century and had an enormous impact on all areas of psy-
chiatric knowledge. This topic, however, is beyond the scope of this chapter.
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The clinical diagnosis of bipolar depression
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Abstract

‘Bipolar depression’ is not a specific type of depression, with most episodes phenotypically
weighted to melancholic or psychotic depression. In order to improve our understanding of
the etiology and management of bipolar depression, sub-typing heterogeneity should be con-
strained. A ‘top-down’ approach to delineate specific sub-typing characteristics is suggested,
allowing consideration as to whether ‘bipolar depression’ differs in expression across bipo-
lar I (BPD I) and II (BPD II) disorders. Current diagnostic systems employ imprecise crite-
ria to differentiate sub-types of BPD, disallowing ‘top-down’ studies seeking to identify pro-
totypical bipolar depression features.

We describe a categorical ‘isomer’ model, assisting discrimination between bipolar sub-
types and unipolar depressive disorders. In essence, the respective presence or absence of psy-
chotic features differentiates BPD I from BPD II, with a core elevated mood/energy construct
delineating BPD from unipolar disorders. Our model allows a ‘top-down’ approach to clini-
cal diagnosis, versus the questionable validity of the bipolar spectrum ‘soft signs’ approach.

Introduction

‘Bipolar depression’ is generally defined quite simply – as the depressed phase
experienced by an individual who has bipolar disorder (BPD). Thus, the clin-
ical diagnosis generally first requires clarification as to whether an individual
has BPD or not. A provisional diagnosis of BPD usually involves the individ-
ual describing: (i) clear-cut hypomanic or manic episodes that have a sufficient
number of prototypic distinctive features; (ii) a clear onset to their highs – that
they can remember a time when mood swings commenced – although we must
concede the occasional onset of BPD in childhood; and (iii) that during the
‘highs’ their usual levels of ‘anxiety’ disappear as their self-confidence
increases in line with the elevated mood state. Thus, by adopting the logic
expressed in the first sentence, ‘bipolar depression’ is effectively the converse
depressed state experienced by those with BPD.

However, just as ‘depression’ is a non-specific term and its clinical expres-
sions can be sub-typed, ‘bipolar depression’ is not a specific type of depres-
sion. Most – but not all – episodes of ‘bipolar depression’ have a phenotypic
picture that is weighted to the melancholic or psychotic depressive picture.
Such depressive sub-types have a number of ascriptions, including: (i) having
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distinctive symptoms and signs; (ii) having biological determinants that are
more relevant than psychosocial determinants; and (iii) that such conditions
have more selective responses to physical treatments.

Turning to distinctive symptoms and signs, commonly suggested features
[1] include a more severely depressed and non-reactive mood, a depressed
state marked by anhedonia and anergia, impaired concentration, psychomotor
retardation and/or agitation, appetite and/or weight loss, insomnia (especially
early morning wakening), and diurnal variation (with mood and energy worse
in the morning). In psychotic depression, psychomotor disturbance is even
more severe, mood congruent or incongruent delusions and/or hallucinations
are present, and diurnal variation is usually lost, with mood and energy
remaining low across the day.

Finally, just as it is a common human experience to develop ‘depression’ in
response to stressors that impact on an individual’s self-esteem, those with
BPD are not immune to such experiences, and may therefore also develop non-
melancholic depressive episodes; in these, the phenotypic picture is marked by
the absence of the more specific melancholic features rather than by any class
of distinctive features.

If we are to improve our etiological understanding and management of
bipolar depression, there is a need to constrain such sub-typing heterogeneity.
The remainder of this chapter will consider this key issue – and consider
whether there is any sui generis bipolar depressive condition or – and more to
be expected – distinct over-representation of any type or specific features.

How might we proceed to advance sub-typing of BPD? Theoretically, there
are two contrasting (‘top down’ and ‘bottom up’) approaches that might lead
to delineating any specific sub-typing ‘bipolar depressive’ characteristics. The
former approach would involve studying clearly diagnosed patients with BPD
during their depressed phase. The latter might involve studying those with
clinical depression and identifying predictors of bipolar status.

Operationalising a ‘top down’ approach

As noted, while individuals with BPD are not immune to experiencing
episodes of ‘reactive depression’ in response to life’s vicissitudes, a ‘top down’
approach might proceed by selecting groups of individuals with clearly
defined BPD, and then identifying the ‘characteristic’ features experienced by
them across multiple depressive episodes. Such an approach emphasises ‘char-
acteristic’ and ‘consistent’ features to identify the most prototypic clinical fea-
tures. As BPD is increasingly sub-divided into bipolar I (BPD I) and bipolar II
(BPD II) subtypes, with manic and hypomanic phases respectively, the ideal
categorical system would allow consideration as to whether ‘bipolar depres-
sion’ is identical in expression across both bipolar sub-types. This raises the
question of how well official classificatory systems (such as the DSM-IV and
ICD-10) define and differentiate bipolar sub-types.
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The DSM-IV [2] classificatory system has essentially the same criteria for
mania and hypomania. Thus, Criterion A for both mania and hypomania
involves a “distinct period of abnormally and persistently elevated, expansive,
or irritable mood”. Criterion B requires three or more (or four or more if the
mood is only irritable) of seven listed features. Minimal durations of 7 days for
mania and 4 days for hypomania are imposed, although neither of these inter-
vals has been established empirically [3]. If, during the ‘high’ the individual
experiences psychotic features, or if hospitalisation is required, then irrespec-
tive of duration, DSM-IV criteria for a manic episode are met. While mania
and hypomania require a level of impairment, DSM-IV definitions of ‘impair-
ment’ are not distinctive across either of the two expressions.

The ICD-10 [4] system contains only one bipolar category (‘Bipolar
Affective Disorder’), and weights description rather than meeting a set of diag-
nostic criteria. Hypomania is a non-psychotic state lasting “at least several
days”, with the associated mood and behavioural changes being more distinc-
tive and persistent than allowed by a diagnosis of ‘cyclothymia’. Manic
episodes are defined as lasting from 2 weeks to several months and may or
may not include psychotic features which, if present, may have mood congru-
ent or mood incongruent characteristics.

Thus, the two categorical diagnostic systems essentially differentiate
‘mania’ from ‘hypomania’ by the presence of psychotic features, a longer min-
imum duration and (in the case of DSM-IV) by hospitalisation. In terms of
clinical course, the DSM-IV system characterises BPD I as involving the
occurrence of one or more manic episodes or mixed episodes, while BPD II
involves at least one hypomanic episode and the occurrence of one or more
episodes of major depression. The DSM-IV model essentially positions bipo-
lar depression as ‘major depression’ – as it effectively does for unipolar
depressive conditions. Thus, major depression can exist with or without diag-
nostic specifiers (e.g., psychotic features, catatonic features, melancholic fea-
tures, and atypical features), context specifiers (e.g., post-partum onset) and
course specifiers (e.g., chronicity, seasonal pattern, or rapid cycling). As major
depression is not a specific diagnosis [5] and more an operational strategy to
differentiate ‘clinical depression’ from less substantive depressive disorders,
such specifiers are likely to be more salient in determining and quantifying
whether ‘bipolar depression’ is more, or less, likely to be distinctive.

The ICD-10 system [4] adopts a dimensional model for the depressive dis-
orders, operating across severity, persistence, and recurrence parameters. Its
so-called ‘somatic features’ correspond broadly to DSM-IV melancholia crite-
ria, but the Introduction notes that their scientific status is “somewhat ques-
tionable”, so that such data can be recorded or ignored. Similarly, in light of
the imprecise ‘criteria’ for hypomania (‘at least several days’) and
‘cyclothymia’ (where duration and severity criteria are not operationalised),
differentiation of BPD from unipolar depressive disorder proves difficult.
Thus, the ICD-10 system does not lend itself to ‘top down’ studies seeking to
identify any specific features of bipolar depression.
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We have sought to develop a categorical model for BPD and to assist dis-
crimination from unipolar depressive disorders. We first developed [6] a ques-
tionnaire (the Mood Swings Survey or MSS), comprising 46 items capturing
aspects of ‘highs’ as generated from a literature review and from clinical expe-
rience. In the initial study, 157 depressed outpatients were asked to complete
the questionnaire. Of the 101 subjects diagnosed with BPD, 49 received a
diagnosis of BPD I by largely respecting DSM-IV criteria of psychosis or hos-
pitalisation (i.e., 61% had had psychotic manic episodes and 37% had been
hospitalised when in a mood elevated state), and 52 received a diagnosis of
BPD II disorder. BPD I and BPD II groups did not differ by mean age (41 ver-
sus 37 years), gender, social class, family history of BPD (41% versus 38%),
nor age of onset of initial elevated mood (24 versus 22 years) or initial depres-
sion (22 versus 20 years). BPD I subjects were significantly more likely, how-
ever, to report longer periods of elevated mood.

In completing the MSS, the bipolar groups were asked two probe questions
(“Do you ever have mood swings and, as part of such swings, have times when
(i) your mood is higher than your usual sense of happiness”, and (ii) “Do you
feel quite ‘wired’, ‘energised’, ‘elevated’, ‘expansive’, and possibly ‘irrita-
ble’?”), and asked to complete the questionnaire for such periods. The probe
questions therefore sought to ensure that ratings were for manic or hypoman-
ic episodes rather than merely for periods of happiness. By contrast, the 56
patients with a clinically diagnosed unipolar depressive disorder were asked to
complete the same questionnaire (here titled ‘Happiness Survey’) and invited
to think of “times when you are really happy (e.g., your favourite sporting
team has won, you’re spending a weekend with long-lost friends)”. Each ques-
tionnaire had identical rating options (‘much more than usual’, ‘somewhat
more than usual’, and ‘no more than usual’ scored, 2, 1 and 0, respectively).
Items weighted high energy, mood elevation, creativity, disinhibition, mystical
experiences, irritation, and anger constructs, but not psychotic features, and
therefore sought to measure the core state defining a ‘high’.

When questionnaires scores were summed, the 49 BPD I subjects had only
marginally higher MSS scores than the 52 BPD II subjects (32.7 versus 29.7).
The 56 unipolar subjects returned a mean score of 11.2, significantly lower
than those with either BPD I or BPD II disorders. We examined the perform-
ance of the total score (and later a refined 27-item score) in terms of differen-
tiating BPD and unipolar subjects from each other. Using the total MSS score,
ROC analyses established a high level of discrimination (the Area-Under-the-
Curve or AUC = 0.93), while at the derived cut-off score of 36 or more, a sen-
sitivity and specificity of 84.3% and 92.6%, respectively, was quantified.
Results therefore suggested that the ‘core’ mood/energy state (quantified by
the measure) is likely to differentiate those with BPD from those with unipo-
lar disorder, but not differentiate BPD I from BPD II expressions – again pro-
viding support for the MSS to discriminate bipolar from unipolar disorders.

Inspection of individual items indicated that those with BPD were most
clearly distinguished from those with unipolar depressive disorders by high
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energy and elevated mood items, essentially the converse of melancholic/psy-
chotic depressive states, which (as detailed later) are dominated by psy-
chomotor (including anergic) symptoms and a lowered mood state.

Such data allowed a model to be developed. The core mood/energy con-
struct clearly differentiated bipolar and unipolar disorders, but was insufficient
in itself to differentiate BPD I from BPD II conditions. Further, in our initial
study, we established that, of those assigned on the basis of being psychotic
and/or requiring hospitalisation during a high, 41% had experienced an
episode of psychotic depression when depressed. By contrast, none of the BPD
II subjects had experienced psychosis during episodes of elevated mood (by
definition) and none – the key issue here in developing a model – had experi-
enced psychotic depression when depressed. Such specificity argued for dif-
ferentiating BPD I and BPD II conditions from each other by the respective
presence or absence of psychotic symptoms.

Such specificity of psychotic symptoms and the mirror imaging of BPD I
and BPD II polar states allows an ‘isomer’ or ‘mirror image’ model for distin-
guishing between BPD I and II disorders, and, of key importance here, having
‘top down’ potential to inform us about the expression of ‘bipolar depression’.
In essence, the model (as shown in Fig. 1) recognises that, while the elevated
mood/energy state is a core construct of BPD (and shared across both BPD I
and BPD II states), it is insufficient to effectively distinguish the two. It is the
respective presence or absence of the psychotic ‘mantle’ that distinguishes
BPD I from BPD II. This is a mixed model in that it dimensionalises the core
mood/energy construct (increased in ‘high’ states, decreased in ‘depressed’
states, and with such changes slightly greater in BPD I subjects than BPD II
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subjects), and is categorical in positioning ‘psychotic features’ as differentiat-
ing subtypes of BPD.

The model is also heuristic. It presupposes that those with BPD II oscillate
within a narrower band than those with BPD I. While we had previously pro-
duced data [7] indicating that those with BPD were highly likely to experience
melancholic or psychotic depression when depressed, the isomer model allows
more refined hypotheses. It suggests that those with BPD II oscillate between
non-psychotic hypomanic and melancholic episodes, while those with BPD I
experience psychotic manic episodes and have either psychotic or melancholic
episodes when depressed. The model not only allows causal hypotheses to be
pursued but provides a platform for testing the relative utility of quite differ-
ing drug treatments (antidepressants, mood stabilisers, and antipsychotic
drugs) for BPD I and BPD II. Of key relevance here, the model allows com-
parisons to be made of ‘bipolar depression’ as experienced by those with dif-
fering BPD I and BPD II, as well as comparison to the depression experienced
by those with unipolar depression.

Operationalising a ‘bottom up’ approach

The ‘bottom up’ approach involves assessing individuals or groups during the
depressed phase and considering whether any of the clinical features are
indicative or markers of BPD. This approach has also been applied in the
absence of the individual reporting clear cut ‘highs’, particularly by those who
model BPD as a non-categorical ‘spectrum condition’. As reviewed by Phelps
[8], proponents of the dimensional spectrum model allow the existence of
some degree of bipolarity even in the absence of clear-cut hypomanic or manic
episodes. For example, Ghaemi and colleagues [9] described a number of
bipolar ‘soft signs’ effectively suggesting or allowing a diagnosis of BPD to be
suspected on the basis of either (a) the depressive features, e.g., having four or
more features of major depression; early onset (younger than 25 years) of first
episode of major depression; ‘atypical’ symptoms such as hypersomnia and
hyperphagia; or psychotic episodes when depressed; (b) illness course vari-
ables, e.g., brief episodes of major depression of less than 3 months; and (c)
associated variables, e.g., a first-degree relative having a diagnosis of BPD;
the individual having a hyperthymic personality style; onset of depression in
the post-partum period; antidepressant-induced ‘highs’; progressive loss of
efficacy of an antidepressant (the ‘poop out’ phenomenon); and three or more
unsuccessful antidepressant trials.

Ghaemi and colleagues [9] also provided an algorithm for defining ‘bipolar
spectrum disorder’. In addition to (i) at least one major depressive episode and
no “spontaneous hypomanic or manic episodes” individuals should have either
(a) a first-degree relative with a history of BPD or (b) antidepressant-induced
manic or hypomanic switching, or, if neither of those features are present, at
least 6 of 9 other criteria (essentially those listed in the previous paragraph).
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Such a spectrum model is clearly problematic in risking ‘over-diagnosis’ of
false positive bipolar states. As BPD is generally defined as an oscillating state
with clearly defined highs and lows, a diagnosis of BPD in the absence of any
hypomanic or manic episodes – and merely on the basis of ‘soft signs’ or proxy
features – appears counter-intuitive, and risks intuitive rather than fact-based
diagnostic practice. For example, one of those ‘soft signs’ (a ‘hyperthymic’ per-
sonality style) is worthy of contemplation. As detailed by Jamison [10], it is
possible to have a personality style of ‘exuberance’ without necessitating a diag-
nosis of BPD. Just as Freud once observed that a cigar can simply be a cigar,
sometimes exuberance is simply exuberance, and categorically independent of
any ‘hypomanic’ or ‘manic’ status. To the extent that BPD is associated with any
specific depressive phenotypic picture, then applying a dimensional spectrum
model may confound delineation and description of bipolar depression.

An overview of previous studies of bipolar depression

While many individual studies exist that principally focus on differences in
particular symptoms or illness correlates, consistency in findings is relatively
low. We will first consider possible explanations for such issues before giving
an overview of the general findings.

In any attempt to define ‘bipolar depression’ there are three immediate prob-
lems. First, it could be defined, as indicated in the ‘top down’ section, by
studying those with BPD during the depressed phase. However, this descrip-
tive approach is only of modest value as it lacks specificity. The more sub-
stantive second problem is whether bipolar depression is ‘different’ or ‘dis-
tinctive’ from unipolar depression, and the issue here is in considering and
studying the appropriate reference group. Let us consider the limitations to any
comparison with ‘major depression’ or ‘clinical depression’. As noted earlier,
neither represents a pure clinical depressive type, with each effectively captur-
ing heterogeneous depressive conditions, caused (across individuals) by quite
differing biological, psychological, and social factors, and subsequently
expressed in quite variegated clinical feature patterns. If ‘bipolar depression’
is a pure type (say ubiquitously ‘melancholic’) and a sample of those with
bipolar depression were compared to those with ‘major depression’ (with
melancholic and non-melancholic constituent representation), then we might
expect differentiation from the comparison group. If, by contrast, the compar-
ison group was limited to those with a (unipolar) melancholic depressive
episode, few or no differences might be expected. Differences then can be cre-
ated or obviated by choice of comparison group.

The third problem is that it is unlikely that ‘bipolar depression’ is a homog-
enous entity. Based on the isomer noted earlier, we might expect that a sample
of those with bipolar depression would include some with psychotic depres-
sion, a considerable proportion with melancholic depression, and some with
non-melancholic disorders. The extent to which these three differing sub-types
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were represented within the bipolar depression sample would also influence
comparison with any reference group.

Turning to the literature, this key issue of whether ‘bipolar depression’ rep-
resents a pure type has rarely been considered. We reported [11] an analysis
examining whether ‘melancholia’ was the characteristic sub-type, based on
three large data sets of unipolar and patients with BPD recruited over a 15-year
period. ‘Melancholia’ was defined using several diagnostic systems. When
comparing BPD and unipolar subjects, the former group were significantly
more likely to be diagnosed as having a melancholic depression by DSM-IV
criteria (69% versus 37%), by the CORE measure [1] (59% versus 33%), and
by clinical definition (70% versus 29%). We undertook logistic regression
analyses examining a large number of clinical features, and found that observ-
able psychomotor disturbance (particularly retardation) and pathological guilt
were the only two significantly overrepresented features in those with BPD
during the depressed phase. Results of these analyses confirm an over-repre-
sentation of melancholia in the depressed phase of BPD and, via the over-rep-
resentation of pathological guilt, suggest that psychotic depression is also like-
ly to be represented.

In considering more fine-focused studies, it is more useful to consider an
overview report rather than individual studies. One of the most comprehensive
reviews was undertaken by Mitchell and colleagues [12] as part of the
International Society for Bipolar Disorders Guidelines Taskforce on Bipolar
Depression. As does much of the literature on BPD, this review focuses on
BPD I, and it may be quite unwise to assume that what holds for BPD I can be
extrapolated to BPD II. Nevertheless, the review is likely to be the definitive
reference for a period. In terms of illness course, the authors suggest that
depression is somewhat more likely to be the first state experienced by those
initially experiencing BPD. Second, those with BPD tend to experience more
depressive episodes over a lifetime than those with a unipolar depressive dis-
order; however the severity of depression does not appear to differ.

In terms of the depressive sub-type, the authors note an earlier paper that
addressed the methodological concern noted early in this section – effectively
the need to compare ‘apples with apples’. Thus, if bipolar depression is most
commonly melancholic in ‘type’, then those with bipolar depression should be
matched in terms of depressive sub-type representation rather than compared
with those within a broader diagnostic group (for instance, those with major
depression). Mitchell and colleagues [13] compared 39 bipolar depressed
patients with 39 unipolar depressed patients, matched for age, sex, and the
presence or absence of melancholia as defined by the DSM-IV system. While
the groups did not differ in terms of depression severity, those with BPD were
more likely to have had a psychotic depressive episode in the past. During the
current episode they were more likely to report anhedonia, persistence of
depressed mood, and hypersomnia, but less anxiety. In terms of psychomotor
disturbance, they did not differ in agitation severity but scored significantly
higher on the measure of retardation.
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Mitchell and colleagues [12] closely reviewed several other relevant studies
and tabulated data (from a large number of studies) on potentially differential
clinical features, co-morbid features, course of illness, and family history vari-
ables. Of the set of more than 20 clinical features, several were suggested as
possibly more likely in those with BPD, including worthlessness, psychotic
features, social withdrawal, hyperphagia and hypersomnia, and mood lability.
Co-morbid anxiety states and alcohol use were suggested as overrepresented,
as was a family history of BPD.

Mitchell and colleagues [12] examined some 40 candidate markers of bipo-
larity and proposed a ‘probabilistic’ model for considering a diagnosis of bipo-
lar I depression in an individual experiencing a major depressive episode with
no clear prior episodes of mania. In essence, they argued that those with bipo-
lar depression would be more likely to report ‘atypical depressive symptoms’
(e.g., leaden paralysis, hypersomnia, hyperphagia) while those with unipolar
depression would be more likely to report initial insomnia or general insom-
nia, and appetite and weight loss. Further, they suggested that those with bipo-
lar depression would be more likely than those with unipolar depression to
report: i) psychomotor retardation (activity levels in those with unipolar
depression would be less likely to be abnormal); ii) psychotic features and/or
pathological guilt (whereas those with unipolar depression would be more
likely to report somatic complaints); and iii) lability of mood or manic symp-
toms. Drawing on their literature review, their probabilistic model argued that
those with BPD would be more likely to have a positive family history of BPD,
to have an early onset of their first depressive episode, and to have had multi-
ple prior episodes of depression, while those with unipolar depression would
be more likely to report depressive episodes lasting 6 months or longer.

Most measures assessing depressive phenomenology rate symptoms in
terms of their severity (whether self-reported or observer-rated). We have
recently completed a study in which patients attending our Depression Clinic
were asked to rate their most recent and/or severe depressive episode in terms
of its characteristic features. While these results will be reported elsewhere, we
will review here the findings of relevance to this chapter.

We examined the most characteristic symptoms as nominated by those with
(i) bipolar depression (n = 123), (ii) unipolar melancholia (n = 86), and (iii)
unipolar non- melancholic depression (n = 142). The BPD/unipolar and
melancholic/non-melancholic decisions were generated by careful clinical
assessment. In this analysis, we did not differentiate between BPD I and BPD
II. When the rank order of the 32 symptoms (returned by the unipolar melan-
cholic and unipolar non-melancholic groups respectively) was compared,
analyses indicated that bipolar patients’ prioritising of characteristic symptoms
was slightly closer to those with unipolar melancholia than to unipolar non-
melancholic depression. Those with bipolar depression were somewhat more
likely to report psychomotor disturbance (i.e., difficulty doing basic things like
getting out of bed, feeling somewhat paralysed), and somewhat less likely to
report irritability and anger than those with unipolar non-melancholic depres-
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sion. Other differences between BPD and unipolar non-melancholic subjects
included the former as more likely to report diurnal variation in mood (i.e.,
depressed mood worse in the morning), and concentration difficulties (i.e.,
brain feeling foggy, thinking slowed).

A synthesis and some speculation

Findings regarding bipolar depression, and in particular as reviewed by
Mitchell and colleagues [12], suggest that those with BPD (compared to those
with unipolar depression) are more likely to have a family history of BPD,
somewhat briefer episodes of depression, and to report depressive symptoms
that are generally compatible with melancholic and psychotic depression. That
review concluded, however, that rather than report classic ‘endogeneity symp-
toms’ such as appetite/weight loss and insomnia (especially early morning
wakening) those with BPD are more likely to report the so-called ‘atypical fea-
tures’ of hyperphagia and hypersomnia.

Such over-representation of ‘atypical depressive features’ in those with
BPD has long been recognised [14, 15]. However, such features – while com-
mon in younger subjects with bipolar depression – are also more common in
younger subjects with unipolar melancholia. In one study [16], we focused on
the relative proportion of those experiencing hypersomnia versus early morn-
ing wakening across three differing depressive sub-types (BPD, unipolar
melancholia, and unipolar non-melancholic depression) and four age bands
(<25 years, 26–35 years, 36–45 years and 46–55 years). Hypersomnia rates
decreased as age increased in those with bipolar depression (i.e., 75%, 70%,
43% and 46%) and in those with unipolar melancholia (i.e., 60%, 44%, 43%
and 30%) but not in the non-melancholic group (i.e., 76%, 61%, 57% and
66%). Hypersomnia (during depression) has been viewed as an adaptive home-
ostatic response restoring slow wave sleep during stress [17], and may there-
fore characterise a general coping response. However, as age increases, those
with melancholic depression (whether experiencing a unipolar or bipolar
course) may experience more noradrenergic neurotransmission perturbation
with age, influencing HPA activity and thus contributing to a differing sleep
pattern – the more classic endogeneity feature of early morning wakening.
Similarly, we have speculated [15] that hyperphagia may be a general coping
response, albeit more commonly reported by those with ‘atypical depression’,
exerting a ‘comforting’ effect via release of endorphins and multiple other
chemical compounds. As they age, those with bipolar depression and unipolar
melancholia appear more likely to report the endogeneity symptoms of
appetite and weight loss, and again this may reflect the impact of age on con-
tributory monaminergic systems.
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Concluding comments

We suggest that the clinical diagnosis of bipolar depression be weighted to a
‘top down’ approach, in light of many questions about the validity of the bipo-
lar spectrum ‘soft signs’ approach. This would require ensuring that the indi-
vidual meets appropriate diagnostic criteria for BPD I or BPD II in terms of
their manic or hypomanic episodes respectively, and that they are assessed in
relation to characteristic depressive episodes. While bipolar depression
appears more weighted to the psychotic and melancholic clinical phenotype,
there is the suggestion that so-called atypical features such as hypersomnia and
hyperphagia may be over-represented, particularly in younger individuals.

We have detailed an ‘isomer model’ which suggests that bipolar depression
should be studied separately in those with manic and hypomanic episodes,
and provided data indicating that, while those with BPD I are at some risk of
developing psychotic depression and those with BPD II are likely to develop
melancholic episodes, those with BPD II are unlikely to develop psychotic
depression.
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Abstract

The prognosis of an illness is perhaps relatively more valuable in psychiatry than in other
therapeutic areas, because the lack of a laboratory-based diagnostic test and poor biological
markers in mental disorders limit outcome predictions based mostly on the information from
the psychiatric interview and examination. This is particularly true in bipolar disorder. In this
chapter the authors summarize the main factors predicting course and outcome in bipolar dis-
order with a focus on depressive symptoms. The natural course, the impact of first episode,
the impact of depressive phase, cycle length, onset, age, gender, type of illness, personality
traits and temperament, co-morbidity, family history, life events, and outcome features will
be reviewed. Conceptual models and their prognostic value will be discussed as well.

Introduction

The prognosis of an illness is perhaps relatively more valuable in psychiatry
than in other therapeutic areas, particularly because the lack of a laboratory-
based diagnostic test and poor biological markers in mental disorders limit
outcome predictions based mostly on the information gathered during the psy-
chiatric interview and examination. Furthermore, clinical features are not
always reliably available, and their impact is not always clear in assessing the
outcome in the case of an individual patient. The assessment is further com-
plicated by the fact that bipolar disorder in general represents a dimensional
condition within a full spectrum of mood disorders [1].

Although there is agreement among researchers that bipolar spectrum dis-
orders are severe, chronic, and lifelong conditions, and that breakthrough
depression usually presents higher risks for long-term treatment than mania,
there are several methodological issues in the study of the natural course of
bipolar disorder [2]. Despite a considerable amount of research, the course and
outcome of bipolar disorder still remain highly unpredictable. Likewise, it is
difficult to determine the effect of treatment on the natural course of bipolar
disorder that, despite treatment, still involves multiple relapses and impaired
psychosocial functioning [3].
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While identifying and treating the illness early in its time course may be
associated with a better prognosis, there are several barriers to early identifi-
cation; the delay from the first episode of illness to a diagnosis of bipolar dis-
order is approximately 10 years [4]. This delay poses a threat for the effec-
tiveness of early treatment intervention, especially because data suggest that
beginning lithium therapy within the first 10 years of illness may provide bet-
ter outcomes than beginning prophylaxis later in life for patients with bipolar
disorder [5]. Furthermore, a history of multiple previous episodes may be asso-
ciated with poor response to lithium [6, 7], 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 [8], non-pharma-
cological therapies [9], and maintenance therapy with olanzapine [10] have
been found to be less effective in preventing relapses in patients with a high
number of previous episodes.

The very high degree of co-morbidity and treatment resistance in outpa-
tients with bipolar disorder 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 [11]. Although full sympto-
matic remission does not guarantee functional recovery [12–14], it may have
a favorable impact on long-term prognosis.

In this chapter we will summarize the main factors predicting course and
outcome in bipolar disorder with a focus on depressive symptoms. The natural
course, the impact of the first episode, the impact of the depressive phase,
cycle length, age of onset, age, gender, type of illness, personality traits and
temperament, co-morbidity, 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.

Natural course

Researchers agree that bipolar spectrum disorders are severe chronic condi-
tions, and should be considered lifelong disabilities [11], regardless of the
impact of modern treatment on the natural course of the illness. It is uncertain
how modern treatment interventions can significantly influence the natural
course of the illness. High diagnostic instability is considered a feature of bipo-
lar disorder, and a recent naturalistic study found a high prevalence of misdi-
agnosis and diagnostic shift from other psychiatric disorders to bipolar disor-
der [15]. More than half of severe mood disorders become bipolar disorder, and
the risk of depression developing into bipolar disorder is lifelong [15, 16].

The decade-long McLean-Harvard First Episode Project has systematically
followed large numbers of patients with DSM-IV bipolar or psychotic disor-
ders from their first hospitalization. The project’s findings indicate that the
course of Bipolar I disorder is much less favorable than had been formerly
believed, despite modern clinical treatment with mood-stabilizing and other
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pharmchologic agents. Full functional recovery from initial episodes was
uncommon, and full symptomatic recovery was much slower than early syn-
dromal recovery; most early morbidity was depressive-dysphoric, as reported
in mid-course, and initial depression or mixed-states predicted more later
depressive episodes and overall morbidity, whereas initial mania or psychosis
predicted later mania and a better prognosis [17].

Naturalistic and long-term studies showed that patients with bipolar disor-
der develop persistent impairment: patients experienced some degree of dis-
ability during the majority of long-term follow-up including 19–23% of the
time with moderate and 7–9% of the time with severe overall impairment [18].
One study found that Bipolar I patients were completely unable to carry out
work role functions during 30% of assessed months, which was significantly
more than for unipolar major depression or Bipolar II patients (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 [19].

The recurrence risk of bipolar disorders is about twice that of unipolar
depression. Furthermore, recovery is more frequent among unipolar than
among bipolar patients, although 5-year remission rates were found to be inde-
pendent of the number of episodes [16]. There appears to be a constant risk of
recurrence over the life-span up to the age of 70 or more, even 30 to 40 years
after onset [20]. The long-term course usually causes significant handicaps and
problems in the lives of patients, and in many cases leads to disability [21].

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 [22]; indexed mixed
episodes have been found to predict relapse into a depressive episode [14]. The
presence of at least two manic/hypomanic symptoms in the index episode is
associated with a higher rate of family history of Bipolar I disorder, a higher
score for suicidal thoughts during the episode, a longer duration of the episode,
and a higher affective morbidity during the observation period [23].

Within 4 years of first lifetime hospitalization for mania, prospective data
show that most subjects achieved syndromal recovery by 2 years, but 28%
remained symptomatic, only 43% achieved functional recovery, and 57%
switched phases or had new illness episodes after achieving recovery [24]. 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 2 years of syn-

Course and outcome of bipolar disorder – focusing on depressive aspects 31



dromal recovery, 40% experienced a new episode of mania (20%) or depres-
sion (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 occupational status, initial mixed presentation, and any co-
morbidity [24].

Targeting residual symptoms in maintenance treatment may represent an
opportunity to reduce risk of recurrence of bipolar disorder. Another 2-year
follow-up study of the clinical features associated with the risk of recurrence
in patients with bipolar disorder receiving treatment found that 58% of patients
subsequently achieved recovery [25]. During up to 2 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
depressed or anxious in the preceding year were significantly associated with
shorter time to depressive recurrence. Residual manic symptoms at recovery
and proportion of days of elevated mood in the preceding year were signifi-
cantly associated with shorter time to manic, hypomanic, or mixed episode
recurrence [25]. Another recent report [26] suggests 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 bipolar adolescents experience syndromic recovery follow-
ing their first hospitalization, rates of symptomatic and functional recovery are
much lower [12, 13, 27]. Few studies have examined the clinical, neuropsy-
chological, and pharmacological factors involved in the functional outcome of
bipolar disorder. The variable that appears to best predict psychosocial func-
tioning in bipolar patients is verbal memory; low-functioning patients are cog-
nitively more impaired than highly functioning patients on verbal recall and
executive functions [28]. Few studies have examined whether co-morbid per-
sonality disorders and other clinical factors can predict functional morbidity in
bipolar disorder. Residual depression predicts poorer residential and
social/leisure outcomes independent of personality disorders or maladaptive
traits [29].

The mortality of patients with bipolar disorder is considerably higher than
that of the general population. At least 25–50% of patients with bipolar disor-
der attempt suicide at least once in their lives [30]. Polarity of patients’ first
reported mood episode suggests that depression-prone subtypes have a greater
probability of suicidal acts [31]. Patients with mood disorders in general have
a higher risk of death by suicide (15–30%) than healthy people, however
Bipolar II patients may be more likely to attempt suicide than Bipolar I
patients. Co-morbid anxiety disorders may also elevate risk for suicidal
ideation and attempts [32]. The rates of mixed depression among bipolar and
non-bipolar depressive suicide attempters is much higher than previously
reported among non-suicidal Bipolar II and unipolar depressive outpatients,
suggesting that suicide attempters come mainly from mixed depressives who
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have predominantly Bipolar II disorder [33]. Recent findings show that while
modest changes in severity of depression are associated with statistically and
clinically significant changes in functional impairment and disability in
patients with bipolar disorder, changes in severity of mania or hypomania are
not consistently associated with differences in functioning [34].

Dimensions of outcome and staging models

Berk and colleagues have suggested a staging model to predict outcome (Stage
0–Stage 5) [35]. Staging models are widely used in clinical medicine, and
offer an insight into the progressive nature of many disorders. According to
Berk, bipolar disorder begins with an at-risk, asymptomatic period, then
patients begin to exhibit mild or non-specific symptoms that usually progress
to manifest the range of prodromal patterns that have been described in the lit-
erature. The first threshold episode may then be followed by a first relapse, and
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 co-
morbidity, specific treatment, personality, adherence, and response to therapy
could differ in each stage. Additional research is needed to clarify the useful-
ness of Berk’s staging model to complement existing and proposed classifica-
tions of bipolar disorder, with an emphasis on a longitudinal dimension instead
of a merely cross-sectional view.

The impact of treatment on the course of illness

The delay from the first episode of illness to a diagnosis of bipolar disorder is
approximately 10 years, a circumstance that is at odds with the notion that
early treatment intervention may contribute to a better prognosis. Studies have
shown that bipolar disorder outcome worsens as the number of manic episodes
increases [6], suggesting that prevention of recurrent episodes early during the
disorder could improve long-term prognosis.

The initial prodrome of bipolar disorder has received very little attention to
date and there are no prodromal features that clearly distinguish between
patients who go on to develop bipolar disorder and those who develop schizo-
phrenia [36]. Several authors point out that pharmacological treatment of the
early phase of bipolar disorders lacks specific guidelines [37]. Knowledge is
limited on how to identify prodromal bipolar from unipolar depression, but
even mania is frequently misdiagnosed. This is key because the outcome of
mania is not as good as was formerly believed [38].

Although the impact of different treatment options for bipolar disorder is
discussed elsewhere in this book, it is worth noting that few effective treat-
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ments exist for acute bipolar depression. Furthermore, the effectiveness and
safety of specific treatments such as standard antidepressant agents for
depressive episodes associated with bipolar disorder have not been well stud-
ied. Because episodes of depression are the most frequent cause of disability
among patients with bipolar disorder, 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 with
the use of mood stabilizers, was not associated with increased efficacy or with
increased risk of treatment-emergent affective switch [39]. It is also impor-
tant to determine the benefits of the continued use of a typical antipsychotic
agent following remission from an acute manic episode. Studies show that
there are no short-term benefits with the continued use of a typical antipsy-
chotic after achieving remission from an episode of acute mania. In fact, its
continued use is associated with detrimental effects including relapse into
depression [40].

Finally, a recent report suggested that early-stage (but not intermediate-or
later-stage) patients had a significantly lower rate of relapse/recurrence of
manic/mixed episodes with some treatments but not with others [10].
Subsyndromal symptoms are common during maintenance treatment and
appear to be associated with relapse into an episode of the same polarity [26,
41]. Co-morbid 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 [42].

Predictive factors affecting prognosis

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 bipolar disorder
usually has a poorer prognosis, and it is associated with long delays to first
treatment, averaging more than 16 years. Patients with childhood or adolescent
onset retrospectively report more episodes, more co-morbidities, and rapid
cycling; prospectively, they demonstrate more severe mania, depression, and
fewer days well [43].

Data have consistently shown that 70–100% of children and adolescents
with bipolar disorder will eventually recover from their index episode, howev-
er, despite ongoing treatment, up to 80% will experience recurrences after
recovery [44]. Bipolar disorder has a considerable effect on the normal psy-
chosocial development of the child and increases the risk for academic, social,
and interpersonal (family, peers, work) problems, as well as for health care uti-
lization. Some studies suggest that approximately 30% of preadolescents with
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major depressive disorder experience a manic episode and manifest bipolar
disorder within 5 years [45].

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, and compared to patients with multiple episodes
of mania, elderly patients with first-episode mania were twice as likely to have
a co-morbid neurological disorder [46].

Previous findings suggest that men have a significantly earlier onset of first-
episode mania and bipolar disorder associated with childhood antisocial
behavior; women have more depressive episodes than manic episodes and
higher incidence rates of Bipolar II disorder throughout adult life, except for
early life, and a greater likelihood of rapid cycling [47]. More men than
women report mania at the onset of Bipolar I disorder, and men also have high-
er rates of co-morbid alcohol abuse/dependence, cannabis abuse/dependence,
pathological gambling, and conduct disorder [48]. Women report higher rates
of co-morbid eating disorders, weight change, appetite change, and middle
insomnia during depressive episodes [48]. However, 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 sub-
clinical mood symptom over a 48-week period, at least when similar treatment
strategies are adopted [49].

Type of onset, type of disorder

The length of untreated individual illness episodes in bipolar disorder 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 bipolar
disorder by episode subtype [47, 50]. Based on a median follow-up of 18
months, the life-table estimate of the probability of remaining ill for at least 1
year was 7% for the pure manic patients compared with 32% in patients who
entered the study with episodes that were mixed or cycling. Purely depressed
patients had a 22% probability of remaining ill, approximating rates found in
patients without bipolar disorder 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 symptoms. Rapid-cycling
and mixed states are associated with a poorer prognosis and non-response to
anti-manic agents. Risk factors for rapid cycling include biologic rhythm dys-
regulation, antidepressant or stimulant use, hypothyroidism, and premenstrual
and postpartum states [51].

Patients with bipolar disorder have an average of four episodes during the
first 10 years of their illness. In general, poorer functioning and poorer psy-
chosocial adjustment before the onset of illness predict worse outcome [52,
53]. After that, the average length of time between episodes is between 1 and
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2 years. In both Bipolar I and II disorder, 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 a shorter time in remission at 4 years [54]. Higher occupational sta-
tus, initial mixed presentation, and any co-morbidity predicts depressive rather
than manic onset [14]. Higher number of hospitalizations and less rapid
cycling is associated with Bipolar I disorder as compared to Bipolar II [55, 56].

Personality traits and temperament

Personality and temperament are thought to impact prognosis and the clinical
manifestation of bipolar disorder. Studies have suggested that mixed episodes
may result from a mixture of inverse temperamental factors to a manic syn-
drome [57]. Some studies question the current categorical split of mood disor-
ders into bipolar and depressive disorders, suggesting that two highly unstable
personality features, i.e., the cyclothymic temperament and borderline person-
ality disorder, have more in common with Bipolar II disorder than major
depressive disorder [58]. Several research findings that are in line with current
familial-genetic models of this disorder suggest that the DSM-IV characteri-
zation of Bipolar disorder II must include a greater emphasis on temperamen-
tally based mood and anxious reactivity [59]. Such phenotypic characteriza-
tion may assist in genotyping; however its predictive value on outcome still
requires more research [60].

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
bipolar disorder through classic human genetic studies is not consistent; the
main issue is the lack of replication of the findings in this field [61]. There are
many possible reasons for this relatively slow discovery. Bipolar disorder is a
complex polygenic disorder, with variable penetrance and phenotypic hetero-
geneity, and it overlaps and is interdependent with other neuropsychiatric dis-
orders. In addition, the effects of environmental factors (epigenetic modifica-
tions, effects of stress, infections, drugs, medications) on the expression of the
phenotype are not fully understood nor factored into human genetic linkage
studies [62]. There is increasing evidence that genome-wide association stud-
ies represent a powerful approach to the identification of genes involved in
common human diseases [63]. The first genome-wide association study of
bipolar disorder showed that several genes, each of modest effect, reproducibly
influence disease risk [64].
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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 bipolar dis-
order. Recent findings suggest that the prevalence of mixed depression is high
in patients with bipolar disorders. Mixed depression is defined by the combi-
nation of depression (major depressive episode) and non-euphoric, usually
subsyndromal, manic or hypomanic symptoms [65]. The reemerging concept
of mixed depression also influences how we see the boundaries between bipo-
lar and depressive disorders.

Bipolar II disorder and mixed depression are relatively understudied,
despite a prevalence of about 5% in the community and about 50% in
depressed outpatients [65]. Prospective studies have shown that the longitudi-
nal weekly symptomatic course of Bipolar I disorder is chronic, that the symp-
tomatic structure is primarily depressive rather than manic, and that subsyn-
dromal and minor affective symptoms predominate, although symptom sever-
ity levels fluctuate [66]. Depressive episodes and symptoms, which dominate
the course of Bipolar I and II disorder, appear to be more disabling than cor-
responding levels of manic or hypomanic symptoms. Table 1 summarizes the
predictive value of depressive symptoms on the course of bipolar disorder.
Subsyndromal depressive symptoms, but not subsyndromal manic or hypo-
manic symptoms, are associated with significant impairment; and subsyndro-
mal hypomanic symptoms appear to enhance functioning in Bipolar II disor-
der [67]. Sub-syndromal symptoms in bipolar disorder impair functioning and
diminish quality of life. Findings suggest that the presence of subsyndromal
depressive symptoms during the first 2 months significantly increases the like-
lihood of depressive relapse [26]. 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 bipolar
disorder present with an index depressive episode, it is likely that many are
misdiagnosed with unipolar major depression. Whether or not antidepressants
worsen the course of bipolar disorder is still being debated, because misdiag-
nosed patients are often treated with antidepressants, which, if used improper-
ly, are known to induce mania and provoke rapid cycling [68]. Furthermore, it
appears that a first depressive rather than manic episode in bipolar disorder
might lead to a subsequent course with a greater burden of depressive symp-
toms [69]. Depressive-onset bipolar disorder 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 pre-
dictors of affective burden in Bipolar I patients than the quantity and direction
of affective switches [70]. Analysis of assessments in clinical trials revealed
that over 80% of the treatment effect is attributable to the indirect effects of
improvements in the depressive factors of the Montgomery-Asberg
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Table 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
unipolar major depression

• One third of preadolescents with major depressive disorder experience a manic episode and
manifest bipolar disorder within 5 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
co-morbidity

• 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 the 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 the
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 constant lifelong

• Subsyndromal depressive symptoms during the first 2 months after recovery significantly
increases 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



Depression Rating Scale like sadness, negative thoughts, detachment, and neu-
rovegetative symptoms, and changes in factor scores are highly correlated with
changes in clinical improvement [71].

Co-morbidity

Bipolar disorder has frequent co-morbidities that worsen prognosis, especial-
ly in association with substance use disorders [72, 73]. The relative age at
onset of alcohol use and bipolar disorders is associated with differences in the
course of both conditions. A first hospitalization for mania is associated with
a period of recovery from co-morbid alcohol abuse [74, 75]. Those patients
with alcohol-use problems prior to bipolar disorder are usually older, more
likely to recover, and more likely to recover quickly than those whose alcohol
problems occur after their diagnosis of bipolar disorder. In contrast, those who
have bipolar disorder first spend more time with affective episodes and symp-
toms of an alcohol-use disorder during follow-up. Co-morbid alcoholism is
also usually related to poorer psychosocial adjustment [55].

Slower recovery has been associated with co-morbid drug abuse [76, 77].
Attention deficit/hyperactivity disorder and anxiety disorders, including those
present during relative euthymia, also predict a poorer bipolar course [78, 79].
Co-morbid panic disorder is associated with a higher likelihood of rapid
cycling [56]. One recent study showed that anxiety co-morbidity impacts
health-related quality of life in patients with Bipolar disorder I but not in
Bipolar disorder II [80].

Little is known about the treatment of psychiatric co-morbidities in bipolar
disorder, because their treatment is largely empirically based rather than based
on controlled data [81]. Many studies have examined the prevalence and pre-
dictive validity of axis II personality disorders among unipolar depressed
patients, but few have examined these issues among bipolar patients [82].
Findings suggest that clinicians should be more vigilant for co-morbid per-
sonality and bipolar disorder, and less reluctant to diagnose it [82, 83]. When
structured assessment of personality disorder is performed during a clinical
remission, less than one in three bipolar patients meets full syndromal criteria
for an axis II disorder [84]. Borderline personality disorder and bipolar disor-
der can often co-occur, but their relationship is not consistent or specific.
Existing data fail to support the conclusion that borderline personality disor-
der and bipolar disorders exist on a spectrum, but allows for the possibility of
partially overlapping etiologies [85].

Bipolar patients with lifetime smoking are more likely to have earlier age at
onset of mood disorder, greater severity of symptoms, poorer functioning, his-
tory of a suicide attempt, and a lifetime history of co-morbid anxiety and sub-
stance use disorders. Smoking may also be independently associated with sui-
cidal behavior in bipolar disorder [86]. The effects of the sequence of onset of
bipolar and cannabis use disorders are less pronounced than observed in co-
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occurring alcohol and bipolar disorders [87]. Cannabis use is associated with
more time in affective episodes and with rapid cycling. Most cannabis use dis-
orders remit immediately after hospitalization, followed by rapid rates of
recurrence.

Individuals with bipolar disorder are differentially affected by several
stress-sensitive medical disorders such as circulatory disorders, obesity, and
diabetes mellitus. Individuals with respiratory disorders, infectious diseases,
epilepsy, multiple sclerosis, migraine, and circulatory disorders may also have
a higher prevalence of bipolar disorder [88]. The increasing medical burden in
bipolar disorder is not simply a result of psychiatric symptoms and the atten-
dant dysfunction [89]. Psychiatric co-morbidity is often associated with earli-
er onset of bipolar symptoms, more severe course, poorer treatment compli-
ance, and worse outcomes related to suicide and other complications. It is still
uncertain whether the medical co-morbidities are subsequent to the bipolar
diagnosis or subsequent to its treatment [90]. To ensure prompt, appropriate
intervention while avoiding iatrogenic complications, the clinician must eval-
uate and monitor patients with bipolar disorder for the presence and the devel-
opment of co-morbid psychiatric and medical conditions.

Life events

Stressful life events can unfavorably alter the course of the illness, and nega-
tively influence the adherence to maintenance treatment. They have been asso-
ciated with slower recovery and higher relapse rates. Stress is linked to
changes in mood symptoms among bipolar adolescents, although correlations
between life events and symptoms vary with age [91]. There is no significant
interaction between stress and episode number in the prediction of bipolar
recurrence, and the interaction of early adversity severity and stressful life
events significantly predicts recurrence in a manner consistent with the sensi-
tization hypothesis [92].

Few studies have examined the prognostic value of family factors in the
course of bipolar disorder. Patients who were more distressed by their rela-
tives’ criticisms had more severe depressive and manic symptoms and propor-
tionately fewer days well [93]. Besides associations between high emotionali-
ty and unipolar depression, studies that examine the relationship between tem-
perament, recent, and remote life events, and psychopathology among the off-
spring of parents with bipolar disorder found that there is an association
between psychopathology and the number of recent negative life events, but no
association between psychopathology and the number of early losses [94]. In
this population, any effect of undesirable life events would appear to be medi-
ated 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 co-morbidities as well [95].
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Neurocognition

Recent analyses have revealed modest impairment in executive functioning,
memory, and attention in both hypomanic and depressed bipolar patients, with
additional fine motor skills impairment in the latter [96]. Bipolar 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 function-
ing is impaired across all three patient groups, but only in depressed and hypo-
manic patients does this correlate significantly with neuropsychological per-
formance. These cognitive difficulties, especially related to verbal memory,
may help explain the impairment regarding daily functioning, even during
remission [97], and these are in line with the findings that full symptomatic
recovery (remission) does not guarantee functional recovery [6, 14, 24].

While considerable evidence suggests that neurocognition declines steadily
over the early course of schizophrenia, but is more stable in bipolar disorder,
very little known about the longitudinal trait stability of neurocognitive per-
formance in bipolar disorder. One recent study found that patients with bipo-
lar disorder showed stability over time in attentional measures but greater vari-
ability in other domains over a 5-year period [98]. Impaired insight and other
neurocognitive dysfunctions are correlated among symptomatic as well as
remitted bipolar patients [99]. 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 bipolar
disorder later in the illness. Recent findings suggest that patients with bipolar
disorder lose hippocampal, fusiform, and cerebellar gray matter at an acceler-
ated rate compared with healthy control subjects. This tissue loss can be asso-
ciated with deterioration in cognitive function and illness course [100].

Future trends and research

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
bipolar disorder. Although tailored therapy is the favorable 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 dimen-
sional descriptions of the disorder are warranted to maximize subtype homo-
geneity. The predictive value and use of mood-congruent versus mood-incon-
gruent psychotic symptoms, mixed episodes, cognitive symptoms, and pre-
dominant polarities is limited by current specifiers of bipolar disorder [101].
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DSM-V needs to consider a change in the categorical descriptors to more reli-
able dimensional ones, thus stimulating and refining research in the field fur-
ther [102]. Depressive symptoms, which dominate the longitudinal sympto-
matic course of bipolar disorder, should receive more attention in the clinical
assessment of patients, and the predictive role and impact of these depressive
aspects on treatment decisions should be clarified further in upcoming
research.
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Abstract

Bipolar disorders are common illnesses with markedly elevated premature mortality, but they
remain frequently under-referred, under-diagnosed, and under-treated. Suicide is the cause of
death in up to 15% of patients with bipolar disorders, and about half of them make at least
one suicide attempt in their lifetime. The suicide rate of (untreated) bipolar patients is 25
times higher than the same rate in the general population. Suicidal behaviour in bipolar
patients occurs almost exclusively during severe major depressive episodes, and less fre-
quently in mixed affective episodes or in dysphoric mania. In contrast, suicidal behaviour
occurs very rarely during euphoric mania, hypomania, or euthymia, suggesting that suicidal
behaviour in bipolar patients is a state- and severity-dependent phenomenon. However,
because the majority of bipolar patients never commit (and up to 50% of them never attempt)
suicide, risk factors other than bipolar disorder itself also play a significant contributory role.
This chapter summarises the clinically most relevant suicide risk and protective factors in
bipolar disorders, and touches briefly on the most effective suicide prevention strategies.

Introduction

Bipolar disorders are associated with a substantial burden of illness-related
health and economic problems. Given the 1.3–5.0% lifetime prevalence of
Bipolar I and Bipolar II disorders [1] they are among the most frequent and
also the potentially most life-threatening psychiatric illnesses [2–7]. This ele-
vated risk of premature death is predominantly due to suicide, but increased
incidence of accidents, cardiovascular morbidity, and complications due to co-
morbid substance-use disorders are also contributing causes [2, 4–7]. In spite
of the great clinical and public health significance of bipolar disorders, they
are still under-referred, under-diagnosed, and under-treated [1, 6]. Because
successful acute and long-term treatment with mood stabilisers and other psy-
chotropics markedly reduces the risk of attempted and completed suicide in
Bipolar I and Bipolar II disorders [3, 4, 7–9], the early recognition and appro-
priate acute and long-term treatment of bipolar patients is a key element in sui-
cide prevention for this population. Although suicidal behaviour is very rare in
the absence of current major mental disorders [2, 3, 5], suicide is not the lin-
ear consequence of psychiatric disorders. It is a very complex and multicausal
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human behaviour involving several psychosocial and cultural components.
This chapter summarises the clinically most relevant suicide risk and protec-
tive factors in bipolar disorders, and also touches briefly on the most effective
prevention strategies.

Suicidal behaviour in major mood disorders

In their meta-analysis of studies on suicide risk in all psychiatric disorders,
Harris and Barraclough [10] analysed separately the risk of completed suicide
in patients with an index diagnosis of unipolar major depression (23 reports,
more than 8,000 patients) and in bipolar disorder (14 reports, more than 3,700
patients); some studies had followed these patients for many decades. They
found that the risk of completed suicide (i.e., the standardised mortality ratio,
SMR) was about 20-fold for patients with an index diagnosis of unipolar
major depression, and 15-fold for bipolar disorders. However, this type of
analysis cannot provide a precise estimate of separate suicide risk in unipolar
and bipolar disorders (i.e., it overestimates the risk for unipolar depression and
underestimates the same risk for bipolar disorders). The main source of this
imprecision is that the index diagnosis frequently changes over the long-term
course of illness from unipolar depression to Bipolar I or Bipolar II disorder
[7, 11]; in the studies reviewed by Harris and Barraclough [10] the diagnostic
category of Bipolar II depression (major depression with history of hypoma-
nia but not with mania), which is the most common form of bipolar disorders
[1, 6], was not considered separately. Therefore it is very likely that most
Bipolar II patients in these studies were included in the unipolar major depres-
sive subgroup.

Moreover, recent findings showed that up to 50% of patients with unipolar
depression were found to have bipolar depression when subthreshold hypo-
mania as well as the bipolar spectrum disorders (i.e., ‘unipolar’ major depres-
sion with bipolar family history, treatment-associated hypomania/mania in
major depression, and depressive mixed state/agitated depression) were also
considered [1, 6, 12, 13]. Indeed, the most recent meta-analysis of 28 reports,
published between 1945 and 2001 (including only patients with an index diag-
nosis of bipolar disorder without long-term lithium treatment) by Tondo and
colleagues [3] found that during an average 10 years of follow-up the SMR for
completed suicide in bipolar patients was as high as 22 (15 for males and 21
for females). These authors also calculated that suicide rates in bipolar disor-
der patients average 0.4%/year, which is more than 25 times higher than the
same rate in the general population [3].

However, in a 40–44 years’ prospective follow-up study of 406 formerly
hospitalised (186 unipolar and 220 bipolar) major mood disorder patients, in
which the unipolar–bipolar conversion was carefully considered during the
follow-up, Angst and colleagues [7] found that 14.5% of unipolar and 8.2% of
bipolar (I+II) patients committed suicide, and the SMR for suicide in unipolar
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and bipolar patients were 26 and 12, respectively. In contrast, a very recent
long-term prospective follow-up study (average 11 years) of 1983 unipolar
major depressives and 843 bipolar (I+II) patients found a much higher rate of
completed suicide in Bipolar I and II patients than in unipolar patients (0.25%
of patients/year versus 0.05% of patients/year) [14].

Suicide risk factors in bipolar disorders

Suicidal behaviour (suicide, suicide attempt) and suicidal ideation in bipolar
patients occur mostly during the severe major depressive episodes and less fre-
quently in mixed affective episodes and dysphoric mania. They are very rare
during euphoric mania, hypomania, and euthymia [2, 5, 15–17], indicating
that suicidal behaviour in bipolar patients is a state- and severity-dependent
phenomenon. However, because the majority of bipolar patients never commit
(and up to 50% of them never attempt) suicide [2, 3, 4, 18–23], risk factors
other than bipolar disorder itself also play a significant contributory role.
These include special clinical characteristics as well as some personality,
familial, and psychosocial risk and protective factors [2–4, 9, 12]. Most sui-
cide risk factors in bipolar disorders are related to the acute (mostly depres-
sive) major mood episodes but there are several historical and personality fac-
tors that can help clinicians identify highly suicidal bipolar patients.

Previous suicide attempt is the most powerful predictor of future complet-
ed suicide, particularly in patients with major mood disorders [2, 4, 5, 10, 15].
Considering only the 10 clinical studies (including more than 3,100 patients)
in which unipolar and bipolar (I+II) patients were analysed separately, it has
been found that the lifetime rate of prior suicide attempt(s) was much higher
in bipolar (I+II) patients (mean: 28%, range: 10–61%) than in patients with
unipolar depression (mean: 13%, range: 9–30%) [4]. A recent long-term
prospective study also found that the rate of suicide attempts during follow-up
was more than double in bipolar (I+II) than in unipolar patients [14].
Community-based epidemiological studies from the United States [18, 19] and
Hungary [20] also showed that the lifetime rate of prior suicide attempts was
1.5 to 2.5 higher in bipolar (I+II) than in unipolar patients. Similarly, it has
been reported that current suicidal ideation, the major precursor of suicidal
behaviour [2, 15], was more frequent in Bipolar I and II (36–64%) than in
unipolar (32–46%) depressed inpatients and outpatients [21–23].

The clinical conditions that are the most alarming for suicidal behaviour in
bipolar disorder are the recent suicide attempt and the severe (mostly melan-
cholic) major depressive episode, particularly when the latter is accompanied
by hopelessness, guilt, agitation, insomnia [3, 13, 15, 24], few reasons for liv-
ing, suicidal ideation [2, 3, 4, 9, 15, 16], and psychotic features [7, 15]. Recent
results strongly suggest that mixed depressive episodes (major depression plus
three or more co-occurring intra-depressive hypomanic symptoms) substan-
tially increases the risk of both attempted and committed suicide [9, 12, 15,
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22–25]. These episodes correspond to the category of ‘agitated depression’
that is present in up to 60% of bipolar depressives [12, 13, 22, 23].

Moreover, these results offer an explanation for the rarely occurring ‘anti-
depressant-induced’ suicidal behaviour; antidepressant monotherapy, unpro-
tected by mood stabilisers or atypical antipsychotics, particularly in bipolar
and bipolar spectrum disorder (including ‘unipolar’ depressive mixed state)
can favour not only hypomanic/manic switches and rapid cycling, but also
worsen the pre-existing mixed state or generate de novo mixed conditions.
This makes the clinical picture more serious and ultimately leads to self-
destructive behaviour [12, 22, 24, 26]. The role of mood instability in suicidal
behaviour was also supported by a recent study showing that a history of rapid
mood switching and panic attacks was associated with an increased likelihood
of history of self-reported suicidal thoughts or actions in patients with bipolar
disorders [27].

However, suicidal behaviour in bipolar patients is not exclusively restricted
to depressive episodes. In contrast to classical (euphoric) mania, where suici-
dal tendencies are extremely rare, suicidal thoughts and attempts are relative-
ly common in patients with mixed affective episode and dysphoric mania [2,
3, 14, 16], supporting the common clinical sense that suicidal behaviour in
bipolar patients is linked to depressive symptomatology [7, 14–16].

Although bipolar disorders, in general, carry the highest risk of suicide [3,
4, 9, 14] several studies have shown that Bipolar II patients have an even high-
er risk than Bipolar I subjects [4, 9, 21, 23, 28–30]. However, other studies
have found that suicide risk does not seem to vary according to bipolar sub-
type [2, 7, 14, 16, 31].

Bipolar disorders show a high frequency of psychiatric and medical co-mor-
bidities [1, 31] and it is well documented that co-morbid anxiety/anxiety dis-
orders [2, 4, 15, 18, 30–32], substance-use disorders [2, 4, 27, 30–32], per-
sonality disorders (especially borderline personality disorder) [4, 16, 31], and
serious medical illnesses [2, 31], particularly in the case of multiple co-mor-
bidities, also increase the risk of all forms of suicidal behaviour. Although suc-
cessful acute and long-term treatment of bipolar disorder substantially reduces
the risk of both completed and attempted suicide [3, 4, 7–9], lack of medical
and family support as well as the first few days of the therapy when antide-
pressants usually do not work (or rarely can worsen the depression) [24], also
should be considered as risk factors for suicide.

As noted previously, prior suicide attempt(s), particularly in the case of vio-
lent or more lethal methods, is the single most powerful predictor of future
attempts and fatal suicide [2–4, 15, 16, 27]. Bipolar patients in general [33]
and Bipolar II patients in particular [14, 34] use more violent and more lethal
suicide methods than unipolar depressives and Bipolar I patients respectively,
and this is characteristic first of all for males. Therefore, higher rates of suici-
dal behaviour (mainly completed suicide) in patients with bipolar disorder
than in unipolar major depression may be due to a specific effect of bipolar
disorder on males, resulting in more dangerous suicidal behaviours [33]. Other
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historical variables that have been shown to increase the chance of both
attempted and completed suicide include early onset, early stage of bipolar dis-
order [3, 5, 7, 14, 27, 32], rapid cycling course, predominant depressive polar-
ity, and more prior hospitalisations for depression [2, 3, 7, 16, 31].

Personality characteristics also play a significant role in the development
and particularly in the manifestation of suicidal behaviour. The voluminous lit-
erature on this subject consistently shows that aggressive/impulsive personali-
ty traits [16, 27, 33, 35–37], especially in combination with high level of cur-
rent hopelessness and pessimism [35, 36], markedly increase the risk of suici-
dal behaviour in patients with bipolar and other psychiatric disorders. Recently
it has been also reported that in Bipolar I and II depressed patients, the level
of impulsivity and the rate of prior suicide attempts increased with increasing
number of intra-depressive hypomanic symptoms [37], supporting the strong
relationship between the bipolar nature of depression and impulsive behaviour
[38]. Irritable mood (a core symptom of mania and hypomania) and anger
attacks (inappropriate, sudden spells of anger associated with autonomic
arousal symptoms and behavioural outbursts) are closely linked to each other,
and anger attacks are much more common in bipolar depression than in unipo-
lar depression [13, 38]. Moreover, if anger attacks occur during unipolar major
depression, the bipolar nature of these ‘unipolar’ depressions are supported by
their association with most key validating variables (early onset, atypical fea-
tures of depression, depressive mixed state, bipolar family history) of bipolar
disorder [38]. The interaction between personality features and illness charac-
teristics in suicidal behaviour was best formulated by Mann and colleagues
[35] in their ‘stress-diathesis model’, which suggests that suicidal behaviour in
psychiatric patients is determined not only by the stressor (acute major psy-
chiatric illness), but also by a diathesis (impulsive, aggressive, pessimistic per-
sonality traits).

Cyclothymia/cyclothymic temperament – the attenuated form of bipolar
disorder – also seems to be a predisposing factor for suicidal behaviour.
Cyclothymic personality appears to be significantly related to lifetime and cur-
rent suicidal behaviour (ideation and attempts) both in adults and in a pediatric
sample [39, 40].

Despite the fact that most suicide victims in the general population are
males and the opposite is true for suicide attempters [5, 10, 15, 24], this dif-
ference is much smaller among suicidal patients with bipolar disorder [2, 3, 7,
27, 32]. This suggests that gender is not a significant predictor for committed
and attempted suicide in this otherwise high-risk population. However, same-
sex oriented and bisexual persons, mainly cross-gendered individuals, are at
elevated risk for suicidal behaviour, particularly if other suicide risk factors are
also present [41].

With regards to suicide risk factors related to personal history, early nega-
tive life-events (e.g., parental loss, isolation, or emotional, physical, and sexu-
al abuse) [2, 4, 15, 31, 35], permanent adverse life situations (e.g., unemploy-
ment, isolation) [2, 4, 15], and acute psychosocial stressors (e.g., loss events,
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financial disasters) [4, 15, 31, 42] are the most important and clinically useful
indicators of possible suicidality, primarily if other risk factors are also pres-
ent. However, acute psychosocial stressors commonly depend on the victim’s
own behaviour, particularly in the case of Bipolar I disorder [42]. For exam-
ple, hypomanic and manic periods can easily lead to aggressive-impulsive
behaviour, 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 behaviour and/or major mood disorders in first-
and second- degree relatives is also a strong risk factor for both attempted and
completed suicide in psychiatric patients in general, and in bipolar patients in
particular [2, 4, 15, 27, 31, 35]. However, the familial component of suicidal
behaviour seems to be independent of psychiatric disorders. Suicidal persons
are over 10 times more likely than relatives of comparison subjects to attempt
or complete suicide after controlling for psychopathology [43].
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Table 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, insomnia
• Psychotic features
• Bipolar II diagnosis
• Co-morbid Axis I, Axis II, and 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)
B. Mixed affective episode (simultaneously occurring manic and major depressive episodes)

C. Dysphoric mania (mania and three or more intra-manic depressive symptoms)

2. Risk factors related to prior course of the illness
• Previous suicide attempt/ideation (particularly the violent/highly lethal methods)
• Early onset/early stage of the illness
• Rapid cycling course

3. Risk factors related to personality features
• Aggressive/impulsive personality traits
• Cyclothymic 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)



The clinically explorable suicide risk factors in bipolar disorders are listed
in Table 1. Because suicidal behaviour in bipolar patients is very rare in the
absence of major mood episodes, suicide risk factors related to these condi-
tions are the most powerful predictors of suicide, particularly if other risk fac-
tors (and high lethality suicide methods) are also present. The higher the num-
ber of risk factors, the higher the chance of suicidal behaviour.

Suicide protective factors in bipolar disorders

In contrast to what is known about risk factors for suicide, few circumstances
are known to protect against suicidal behaviour. Good family and social sup-
port, pregnancy and postpartum period (but also see Chapter by Roy and
Payne, this volume), having a great number of children, holding strong reli-
gious beliefs, and restricting lethal suicide methods whenever possible (e.g.,
reducing domestic and car exhaust gas toxicity, and introducing stricter laws
on gun control), seem to have some protective effect [4, 5, 44–47]. However,
the most extensively studied suicide protective factor in major mood disorders
is acute and long-term pharmacological treatment, particularly with lithium
(see below) [3, 4, 7–9, 15, 24].

Although suicide is a rare event in the community, it is very frequent among
patients with bipolar disorder, and most of them come into contact with vary-
ing levels of healthcare some weeks or months before their death [3, 4, 8, 15,
29]. The high rate of bipolar disorders and recent medical contact before suici-
dal behaviour underlines the priority role of healthcare workers in suicide pre-
vention. Unfortunately, less than one-third of bipolar suicide victims and sui-
cide attempters were receiving appropriate pharmacotherapy at the time of their
suicide event [29, 30, 48]. Because about two-thirds of suicide victims die in
their first attempt [5, 15, 49], the risk of suicide in bipolar patients is very high
even if a patient has never attempted suicide before. The careful estimation of
all suicide risk factors (see Tab. 1) is helpful in assessing suicide risk as early
as possible and intervening prior to the patient making the first suicidal act.

Prevention of suicidal behaviour in bipolar patients

Several open clinical studies and randomised controlled trials have consistent-
ly found that acute and long-term treatment with lithium and other mood sta-
bilisers (sometimes in combination with antidepressants and antipsychotics)
markedly reduces the risk of attempted and completed suicide in Bipolar I and
Bipolar II patients [3, 4, 7, 24]. It has been also reported that the overall sui-
cide rate of bipolar patients decreased progressively with increasing number of
prescriptions for mood stabilisers [50]. Bipolar patients with long-term phar-
macotherapy frequently need (and more frequently receive) antidepressants
and/or antipsychotics in addition to their mood stabilisers for shorter or longer
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period of time. However, there is a growing body of evidence suggesting that
antidepressant monotherapy can worsen the course and outcome of bipolar
disorder [6, 8, 9, 22, 24]. For instance, the most recent naturalistic, prospective
chart review analysis of 405 Bipolar I and II patients also showed that mood
stabiliser monotherapy markedly reduced the risk of suicidal behaviour; how-
ever, the frequency of suicidal behaviour was highest in patients with antide-
pressant and antipsychotic monotherapy, lowest in patients with mood sta-
biliser monotherapy, and the risk to patients with combination therapy (mood
stabilisers + antidepressants or antipsychotics) was intermediate, suggesting
that a combination of antidepressants or antipsychotics with mood stabilisers
markedly reduces (but does not fully eliminate) this increased suicide risk
[51–53]. However, it is possible that those patients receiving a combination of
medications may have a more severe form of the illness, thus making it appear
that that monotherapy is better.

These results support and extend prior findings [8, 9, 24] and suggest that
not only antidepressants but also antipsychotics can worsen the cross-section-
al and longitudinal course of bipolar disorders, and this worsening is most
clearly reflected in the elevated rate of suicidality. Doctors should keep their
bipolar patients on these supplementary medications as short a time as possi-
ble and the main component of the long-term treatment should be mood sta-
biliser pharmacotherapy. However, because the risk reduction for suicidal
behaviour among bipolar patients treated with mood stabilisers, although clin-
ically significant, is still incomplete, development of alternative or supple-
mentary treatment strategies is also required.

Recently, several effective psychosocial interventions in the field of bipolar
disorders were developed (psychoeducation, cognitive-behavioural therapy,
interpersonal and social rhythm therapy, etc.), initially to help noncompliant,
drug-intolerant, and drug-nonresponsive patients [4, 54, 55]. Because they are
designed for relapse/recurrence prevention, they might be effective in suicide
prevention as well, and a combination of these methods with long-term phar-
macotherapy may substantially decrease suicide risk.
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Abstract

Bipolar disorder has long been known to have a strong genetic component, with heritability
estimates ranging between 80–90%. However, major breakthroughs on the molecular genet-
ic level have remained elusive. Linkage and candidate gene association studies produced a
host of reports, but failed to deliver consistently replicable results. This may in part be attrib-
uted to limited sample sizes and high degrees of phenotypic and genotypic heterogeneity.
The advent of genome-wide association studies (GWAS) has spurred new hopes for the iden-
tification of true susceptibility genes. After close to a century of genetic studies, bipolar dis-
order is emerging as a complex (non-Mendelian) disorder with a polygenic etiology. The
search for common genetic variants with small effects by GWAS will probably have to be
complemented by approaches that can detect rare genetic variations with larger effects, such
as copy number variants. Progress would be much enhanced by improved phenotype defini-
tions that reduce genetic heterogeneity.

Introduction

In this chapter, we attempt to review some of the basic principles underlying
advances in our understanding of the genetic basis of bipolar disorder. We take
advantage of a large body of published work that has already thoroughly
reviewed family, twin, and adoption studies as well as genetic linkage and can-
didate gene-association studies of bipolar disorder and related conditions
[1–15]. Interested readers are referred to these reviews for many of the details
that we will merely summarize here. Our main goal is to broadly describe the
progress of this field, and how we can use the knowledge gained over the
course of the past century of research as the field attempts to master novel
molecular and analytical techniques in the quest to unravel the genetic basis of
bipolar disorder.

Genetic epidemiology: The first 100 years

Bipolar disorder is a highly heritable illness. This means that the majority of
the individual variation in risk can be explained by genes. This has been a very
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consistent finding over more than a century of research, despite differences in
study populations, case definitions, and analysis methods (for review see [16]).

Early 20th century research demonstrated through systematic studies that
bipolar disorder (and other mental illnesses) aggregates in families (reviewed
in [17, 18]). Whereas the lifetime prevalence in the general population is
around 1–2% (or higher, depending on whether broad or narrow phenotype
definitions are used), multiple studies have reported that the lifetime risk for
bipolar disorder in first-degree relatives of a patient with the illness is
increased 10 to 20-fold.

Twin studies, published between 1930 and 2003 [19–22] have consistently
supported the high heritability of bipolar disorder. Heritability estimates for
bipolar disorder range between 80–90%. Two systematic adoption studies in
bipolar disorder [23, 24], while performed in comparatively small samples,
further support the notion that genetic factors contribute substantially more to
the etiology of bipolar disorder than environmental factors.

Family studies are also an excellent way to define the range of clinical man-
ifestations of underlying risk genotypes. Classically, probands are ascertained
and diagnosed without regard to family history, and then their first- and (if
available) second-degree relatives are systematically assessed for the presence
of traits of interest. The best-known such studies in bipolar disorder were pub-
lished in the 1980s [25, 26]. These studies showed that bipolar disorder, as
well as unipolar (major depressive) disorder, dysthymia, cyclothymia,
schizoaffective bipolar disorder, alcoholism, and anxiety disorders, were all
increased among the first-degree relatives of probands with bipolar disorder.
On the other hand, schizophrenia and other non-affective psychotic illnesses
were not found to be increased in most studies. These data are generally inter-
preted as supporting the existence of a spectrum of bipolar-related conditions
that are distinct from schizophrenia; however, some have challenged this con-
clusion [27].

The clear findings from classical family studies have not been matched by
similarly clear findings in studies of the patterns of disease transmission in
families. While some segregation 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 of the meth-
ods of segregation analysis to handle heterogeneity and complex modes of
inheritance. This is further complicated by evidence that families of probands
with bipolar disorder are characterized by assortative mating [28], genetic
anticipation [29], and parent of origin effects that may reflect genomic
imprinting [30], mitochondrial inheritance [31], or other factors.

Gene mapping

Genetic epidemiology provided compelling evidence that genetic factors play
the major role in the etiology of bipolar disorder, and laid the foundation for
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future studies. However, the methods of genetic epidemiology cannot identify
the genes involved or pinpoint the genetic variation that explains the high her-
itability of bipolar disorder. This task requires a method of genetic mapping,
and the advent of genetic linkage studies in humans seemed to fit the bill.

The phenomenon of genetic linkage was first described by Thomas Hunt
Morgan in his studies of fruit flies. He found that certain traits, such as eye
color and wing shape, did not assort independently, in apparent violation of
Mendel’s Second Law. Instead, they tended to be inherited together from gen-
eration to generation in a probabilistic fashion. Morgan’s insight was that this
apparent linkage between traits actually reflected a physical proximity of the
responsible genes on the same chromosome. The further apart that two genes
lie on a chromosome, the more likely they are to be separated by recombina-
tion during meiosis. In fact, despite conformational forces that make two
recombination events on the same chromosome arm very unlikely, the relative
position of two genes on a chromosome can be reliably inferred by the fre-
quency with which traits encoded by those genes run together across the gen-
erations. To this day, the Morgan (and its 100th part, the centimorgan)
remains the standard unit of genetic distance, in honor of Morgan’s seminal
work.

At first, the application of Morgan’s principles to humans proved challeng-
ing. Outward traits can be difficult to measure, and the limited observational
space of human pedigrees made linkage difficult to establish, except in unusu-
al situations such as chromosome X-linked traits. Not long after the Nobel
prize-winning discovery of restriction enzymes by Arber, Nathans and Smith
in 1978, it was discovered that these DNA-slicing proteins sometimes failed to
make the cut, reflecting single base-pair differences in the DNA sequence, and
resulting in DNA restriction fragments that varied in size between individuals.
The era of the restriction fragment-length polymorphism (RFLP) was thus
born. In 1980, Botstein and colleagues proposed that RFLPs could be used to
map genes by linkage even in the human genome [32]. Their prediction was
soon proven true, with the mapping of markers linked to cystic fibrosis [33,
34], Huntington’s Disease [35], and bipolar disorder [36].

The former two genetic linkages were quickly confirmed, and disease-caus-
ing mutations identified. But the latter was not, and was soon retracted [37].
This false start foretold much of what would follow in the ensuing decade of
genetic linkage studies of bipolar disorder. It also embodied many of the diffi-
culties – genetic heterogeneity, small effect sizes, and non-Mendelian inheri-
tance patterns – that would by the 1990s come to be seen as the key charac-
teristics of all complex genetic conditions like bipolar disorder, type II dia-
betes, and cardiovascular disease.

In the early days of this molecular era of bipolar genetic research,
researchers’ moods would very often switch between exuberance and disap-
pointment as linkage findings were reported – sometimes with great fanfare –
only to fail to find support in subsequent studies [38]. The problems that these
early linkage studies had to confront were manifold: small sample sizes, par-
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tially informative sets of genetic markers, and statistical methods that were
originally designed for Mendelian disorders with monogenic inheritance,
where the mode of inheritance, penetrance, and the clinically unaffected status
of probands’ relatives can be specified reliably. With the advent of larger,
multi-center studies, the availability of denser sets of more informative mark-
ers, and the use of non-parametric linkage algorithms (e.g., affected sib pair
design), many of these problems could be alleviated.

Yet, robust linkage findings remained elusive. Half a decade ago, we argued
that large-scale linkage studies would in the end succeed in gene identification,
or at least serve as the starting point for systematic molecular genetic research
in bipolar disorder [39]. Since then, many genetic linkage signals have been
detected, several of which – one on essentially every chromosome but Y – have
been identified by more than one study. Yet definitive findings have remained
elusive. Three meta-analyses of linkage studies of bipolar disorder have been
published [40–42]. While providing support for loci on chromosomes 6q, 8q,
13q, 18q, and 22q, each study tended to highlight non-overlapping sets of loci.
In 2003, during a meeting celebrating the 50th anniversary of the discovery of
the double helix, Eric Lander lamented that linkage studies had become
“mumbo jumbo”. We were thus stating the obvious when we wrote in early
2007 that “the passing of the linkage era would not be widely mourned” [43].

Linkage analysis is now no longer seen as a powerful tool to pinpoint sus-
ceptibility genes for complex traits and diseases. While many of the reported
linkage regions may ultimately be found to harbor risk alleles, the genetic (or
locus) heterogeneity of bipolar disorder may be so high that it defeats the abil-
ity of linkage analysis to separate true findings from a large number of false
positives, even with very large sample sizes. Nevertheless, incorporating the
information gained from linkage studies into future analyses and continuing to
collect and phenotypically characterize multiply-affected families might still
prove very valuable [44, 45].

Positional cloning efforts by means of candidate-gene association mapping
have made some headway, but with little consensus around the main findings.
Several studies, in particular systematic linkage disequilibrium mapping (LD)
in linkage regions and large-scale candidate gene studies, have identified
potential susceptibility genes for bipolar disorder [3, 6, 7, 15], but results
remain inconsistent across studies. While corroboration at the gene level has
been reached for some of these genes (Tab. 1), replications at the allelic level,
i.e., association with the identical allele of a particular single nucleotide poly-
morphism (SNP) across studies, are rare [46].

Moving into the next 100 years

As with genetic research in other complex disorders, the genetics of bipolar
disorder entered the 21st century against the backdrop of important develop-
ments in human genetics. These included the publication of the sequence of
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the human genome [47, 48], the completion of the HapMap project
(www.hapmap.org; [49]), and the advent of DNA microchip technology. These
landmark developments have virtually eradicated 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 megbases in a small
fraction of the time that such an endeavor would have taken just a few years
ago. Genome-wide association studies (GWAS), large-scale surveys of copy
number variation, and large-scale resequencing studies are all early products
of these technological developments. Although it is impossible to predict the
future, it is already clear that GWAS have opened new windows into the genet-
ic architecture of common complex disorders such as age-related macular
degeneration, type II diabetes, and cardiovascular disease.

The genetic basis of bipolar disorder 63

Table 1 Promising candidate genes for bipolar disorder

Gene Symbol Key poly- Individual association stu- Evidence
morphisms dies or meta-analyses (MA)

Serotonin SLC6A3 LPR Anguelova et al 2003 +++
transporter (MA) [101]

D-amino acid DAOA Various Detera-Wadleigh +++
oxidase activator and McMahon 2006 (MA) [46]
(G72)

Disrupted-in- DISC1 Various Hodgkinson et al. 2004; ++
schizophrenia-1 Thomson et al. 2005; 

WTCCC 2007; Perlis et al. 
2008 [53, 104–106]

Tryptophan TPH2 Various Harvey et al. 2004; ++
hydroxilase 2 Van den Bogaert et al. 2006; 

Lopez et al. 2007; Harvey 
et al. 2007; Cichon et al. 2007 
[107–111]

Brain-derived BDNF Val/Met Kanazawa et al 2007 (MA); +
neurotrophic factor Fan and Sklar 2008 (MA) 

[102, 103]

Aryl hydrocarbon ARNTL Various Mansour et al. 2006; +
receptor nuclear (heterodimer Nievergelt et al. 2006 
translocator-like with CLOCK) [112, 113]

Cadherin gene FAT Various Blair et al. 2006; +
(homolog of the Abou Jamra et al. 2008 
Drosophila tumor [114, 115]
suppressor 
gene fat)

+ supported by 2 studies or evidence quite mixed
++ supported by several studies
+++ supported by meta-analysis of three or more samples



Genome-wide association studies

There are probably about 10,000,000 SNPs in the human genome. Previous
case-control association studies could assay only a fraction of this important
source of genetic variation. In a GWAS, several hundred thousand 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 etiolog-
ical involvement in disease; thus GWAS are commonly referred to as ‘hypoth-
esis-free’ studies.

GWAS have now been performed for several complex phenotypes, such as
type I and type II diabetes [50–53], obesity [54], coronary heart disease [53,
55, 56], hypertension [53], rheumatoid arthritis [53], age-related macular
degeneration [57, 58], Crohn’s disease [53, 59, 60], prostate cancer [61, 62],
and bipolar disorder [53, 63, 64]. At the time of this writing, within the Genetic
Association Information Network (GAIN), further large-scale studies on kid-
ney disease in type I diabetes, psoriasis, attention deficit/hyperactivity disor-
der, schizophrenia, and bipolar disorder are underway (http://www.fnih.org/
GAIN2/home_new.shtml).

Although these GWAS cover a wide range of disease phenotypes, some
overall conclusions can be drawn (for a review, see [65]). First, and most
importantly, GWAS methods can re-energize gene-mapping efforts even in dis-
eases that have suffered long stretches of stalled progress. This may best be
illustrated by the case for Type II diabetes, where several novel and some pre-
viously implicated genes could be detected and unambiguously replicated at
the allele level across several samples [66]. Second, the implicated genes often
challenge our limited etio-pathological reasoning by implicating novel path-
ways to disease. For example, the identification of ATG16L1 (a gene involved
in the autophagosome pathway processing intracellular bacteria) as a suscepti-
bility gene for Crohn’s disease, offers intriguing fresh insights into the patho-
physiological mechanisms of this disorder. Third, GWAS may point to varia-
tion lying in ‘gene deserts’ that would never have been considered by candidate
gene studies, but that evidently play an important regulatory role. This is illus-
trated by chromosome 9p’s association with cardiovascular disease. Fourth,
GWAS have revealed that many complex disorders, while highly heritable, are
actually the product of many genes with small individual effects that, together,
increase risk of disease, similar to the classical polygenic threshold model [67].

At the time of this writing, three GWAS of bipolar disorder have been pub-
lished. Although robust, unambiguously replicated findings have yet to emerge
at this early stage, it seems clear that at least a part of the common genetic
architecture of bipolar disorder will ultimately be revealed by GWAS methods.
Some of the key bipolar disorder GWAS findings to date are summarized in
Table 2.

However, in the same way that many psychiatric disorders have been more
difficult to explore via linkage and candidate gene association studies than
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somatic disorders, bipolar disorder may hold some unique challenges for the
GWAS approach. GWAS methods are not well-powered to detect uncommon
alleles, and rare alleles may be missed entirely, unless they confer a very large
risk of disease. Furthermore, some common disorders are related to many hun-
dreds of alleles, each of small effect. GWAS methods alone cannot tell the
whole story of truly polygenic disorders, because effect sizes much below 5%
of the variance cannot be detected one locus at a time, even if the alleles are
common.

Reconciling the polygenic nature of bipolar disorder and family
recurrence risks: filling the risk gap

While it can be difficult to disprove, the polygenic threshold model still offers
the best overall fit to the existing family, linkage, and association findings for
bipolar disorder. Polygenic disorders cluster in families and may be highly her-
itable, 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 con-
ferring greater, risk. Disease occurs when the allele burden crosses some
threshold, although the exact disease threshold for a given person may be
influenced by non-genetic factors.

The common disease/common variant (CDCV) hypothesis is a more mod-
ern theory than the polygenic threshold model, but the models have many sim-
ilarities. Under the CDCV, human genetic variation is assumed to be relative-
ly simple and finite, with only a few common haplotypes at each locus main-
tained in the population at one time. Risk for common diseases is postulated
to result from common alleles and haplotypes at one or more loci.

While compelling and supported by findings in some common diseases, the
CDCV hypothesis has repeatedly been challenged by an alternative theory
whereby a large set of individually rare, high-risk alleles – each present in one
or a few individuals – are thought to play the major role in risk for disease
[68–71]. Individually rare, these alleles are proposed to occur in so many dif-
ferent genes that they can, together, account even for a common disease. Early
results from studies of autism [45, 72] and schizophrenia [73, 74] suggest that
the rare allele model may indeed have some explanatory power in the genetic
basis of mental illness, but compelling rare-allele findings have not yet
appeared for bipolar disorder.

Existing findings in bipolar disorder seem to point toward many alleles of
small effect. But if this were the whole story, it is not clear how the relatively
high recurrence rates in first-degree relatives (on the order of 10–15% [25])
could be explained. The true genetic architecture of common diseases like
bipolar disorder probably encompasses both common alleles that alone confer
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small risk (odds ratios 1.1–1.5), and uncommon or rare alleles (including copy
number variants) that confer larger risks in a few people or families. From this
perspective, it also seems likely that alleles will be found that shape the clini-
cal picture and response to treatment. This idea will be developed further in the
next section.

Alleles that shape the clinical picture: the bipolar phenome

Bipolar disorder as currently defined in the standard diagnostic manuals
(DSM-IV and ICD 10) is a highly reliable but clinically variable entity. Most
of the genetic work in bipolar disorder has focused on genes that contribute to
the broader phenotype, but is not clear that such genes, if found, will be able
to explain the clinical variability in terms of age at onset, symptoms, chronic-
ity, co-morbidity, and treatment response that is a hallmark of the bipolar diag-
nosis. Without an operational diagnosis, large collaborative linkage and asso-
ciation studies of bipolar disorder would not have been possible, since case
definitions would have varied too much from center to center. Diagnostic enti-
ties in psychiatry are still mainly constructs, without a well-defined shared
biology. Correspondences between genotype and phenotype, when they final-
ly emerge in psychiatry, are unlikely to show a close resemblance to our cur-
rent diagnostic systems.

For example, several recent findings suggest a genetic overlap between
schizophrenia and bipolar disorder [75, 76]. If true, these findings would chal-
lenge the assumption that the century-old Kraepelinian dichotomy between
schizophrenia and mood disorders has a solid genetic basis. Indeed, some have
called for abandoning this dichotomy in favor of an approach based on sever-
ity and course of illness, which accounts for developmental aspects that may
better correspond to the underlying biology [77]. On the other hand, there are
many examples of diseases with distinct symptoms, course, and treatment that
share genetic risk factors. The B27 haplotype of the human leukocyte antigen
(HLA) locus is a very strong risk factor for ankylosing spondylitis, anterior
uveitis, and Reiter Syndrome, but each of these autoimmune diseases affects a
different organ system, produces specific signs and symptoms, and responds
best to specific treatments (reviewed in [78]). It is possible that alleles exist
that increase risk for psychopathology in a fairly general way, with other alle-
les or non-genetic factors influencing precise clinical presentation.

Some studies have indeed found evidence of specific loci influencing symp-
tomatology [75, 79–81], age at onset [82, 83], and clinical course [84] in bipo-
lar disorder. If verified, such loci may help explain the variable clinical picture
of bipolar disorder. More importantly, they may reveal aspects of pathophysi-
ology that are good targets for novel treatments or preventive therapies.

If alleles exist that influence the clinical picture of bipolar disorder, how can
we find them? Genetic linkage and candidate gene studies are two approach-
es, but still have the same limitations discussed above. GWAS data may be a
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particularly good source of candidate alleles, but the problems of sample size,
multiple testing, heterogeneity, and ascertainment bias inherent to all GWAS
are that much more acute when the focus is on individual elements of the clin-
ical picture. One approach is to use genetic markers to define phenotypic
groupings that are distinguished by higher rates of allele-sharing (linkage data)
or more deviant allele frequencies (association data) than are seen in tradi-
tional diagnostic categories (Fig. 1). We have called this approach ‘reverse
phenotyping’ [14]. While replication testing is vital, reverse phenotyping has
already shown promise as an approach to elucidating the genetics of bipolar
disorder [75, 80, 85] and other complex phenotypes [86].

In addition to replication, a key issue in reverse phenotyping is the careful
selection of traits to be studied. Many researchers favor traits that have shown
a high degree of heritability or familiality. In bipolar disorder, this list includes
several variables. Among these, psychosis, history of suicide attempts, alco-
holism, substance abuse, OCD, level of social functioning, missing work due
to mood disorder, number of manic episodes, episode frequency, and polarity
of onset have all been the subjects of recent interest [79, 84, 87, 88].

Effective reverse phenotyping also requires access to large, well-character-
ized samples. While these are far from abundant, the field now has more suit-
able samples available than ever before. For example, the Bipolar Phenome
Database [87] contains 197 clinical variables on 5,721 subjects in 1,177 fam-
ilies; DNA is available for 5,373 subjects. The Wellcome Trust Case Control

68 T.G. Schulze and F.J. McMahon

Figure 1. Reverse phenotyping.



Consortium (WTCCC) [53] and the Systematic Treatment Enhancement
Program for Bipolar Disorder (STEP-BD) collaboration each have over 1,000
well-characterized cases with DNA, most of which is available to the public
upon approval of a simple application form.

One fundamental question concerns the subphenotype structure (Fig. 2) we
expect to find. Does bipolar disorder actually consist of subphenotypes that
neatly present as clusters with only marginal overlap between them and other
disorders? Or does the polygenic nature of bipolar disorder create an ill-
defined multidimensional distribution of phenotypes – a ‘phene space’ – that
cannot be easily cut into clusters but rather presents with poles enriched for
specific phenotypic features? The statistical tools we want to use for pheno-
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Figure 2. The subphenotype concept of psychiatric disorders. Schizophrenia (SZ) and bipolar disor-
der (BP) may comprise neatly clustering subphenotypes (indicated by circles and subscripts), or rep-
resent different points on an ill-defined multidimenisonal distribution of phenotypes, enriched for spe-
cific clinical features (indicated by smooth transitions of colors).



type refinement in bipolar disorder will need to be able to accommodate these
different scenarios and modifications.

The field of pharmacogenetics has evolved within the past 40 years from a
niche discipline to a major driving force in clinical pharmacology, and it is cur-
rently one of the most actively pursued disciplines in applied biomedical
research in general, as Brockmöller and Tzvetkov put it [89]. Whereas genet-
ic information may already be useful in identifying individual cases of poor or
fast metabolism, the use of pharmacogenetic knowledge to predict actual out-
come and truly individualize treatment is only just becoming feasible [90].
Recently, genetic studies from the Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) cohort on major depression have highlighted
several markers associated with outcome and adverse events with citalopram
treatment [91–94]. If replicated, findings such as these may ultimately prove
to have considerable clinical utility.

In future phenotype refinement strategies, measures of treatment response
and adverse events should be included alongside other variables. In bipolar
disorder for instance, lithium response may be considered a prime phenotype
[95, 96]. Sample size, however, will be the crucial issue. So far, pharmacoge-
netic studies of lithium response are characterized by small samples with a
corresponding lack of statistical power [97–100]. International consortia and
standardized phenotype characterization across centers are clearly needed for
pharmacogenetic studies of lithium response or other measures of outcome in
bipolar disorder.

Future frontiers

As we begin to accumulate data that may clarify genetic risk factors for bipo-
lar disorder, questions have begun to accumulate. How much of a role will epi-
genetic factors play? How does SNP or CNV variation affect gene function?
How do we best translate from a genetic association finding to a deeper under-
standing of disease biology and treatment? These questions are top priorities
for the field of research into the genetic underpinnings of bipolar disorder, and
will undoubtedly be addressed in the coming years.

References

1 Baron M (2002) Manic-depression genes and the new millennium: poised for discovery. Mol
Psychiatry 7: 342–358

2 Berrettini WH (2001) Molecular linkage studies of bipolar disorders. Bipolar Disord 3: 276–283
3 Craddock N, Forty L (2006) Genetics of affective (mood) disorders. Eur J Hum Genet 14:

660–668
4 Craddock N, Jones I (2001) Molecular genetics of bipolar disorder. Br J Psychiatry Suppl 41:

s128–s133
5 Detera-Wadleigh SD, McMahon FJ (2004) Genetic association studies in mood disorders: issues

and promise. Int Rev Psychiatry 16: 301–310

70 T.G. Schulze and F.J. McMahon



6 Farmer A, Elkin A, McGuffin P (2007) The genetics of bipolar affective disorder. Curr Opin
Psychiatry 20: 8–12

7 Kato T (2007) Molecular genetics of bipolar disorder and depression. Psychiatry Clin Neurosci
61: 3–19

8 Prathikanti S, McMahon FJ (2001) Genome scans for susceptibility genes in bipolar affective dis-
order. Ann Med 33: 257–262

9 Schumacher J, Cichon S, Rietschel M, Nothen MM, Propping P (2002) [Genetics of bipolar affec-
tive disorders. Current status of research for identification of susceptibility genes]. Nervenarzt 73:
581–592

10 Shih RA, Belmonte PL, Zandi PP (2004) A review of the evidence from family, twin and adoption
studies for a genetic contribution to adult psychiatric disorders. Int Rev Psychiatry 16: 260–283

11 Sklar P (2002) Linkage analysis in psychiatric disorders: the emerging picture. Annu Rev
Genomics Hum Genet 3: 371–413

12 Taylor L, Faraone SV, Tsuang MT (2002) Family, twin, and adoption studies of bipolar disease.
Curr Psychiatry Rep 4: 130–133

13 Tsuang MT, Faraone SV (1990) The Genetics of Mood Disorders. Johns Hopkins University
Press, Baltimore, MD

14 Schulze TG, McMahon FJ (2004) Defining the phenotype in human genetic studies: forward
genetics and reverse phenotyping. Hum Hered 58: 131–138

15 Hayden EP, Nurnberger JI Jr, (2006) Molecular genetics of bipolar disorder. Genes Brain Behav
5: 85–95

16 Smoller JW, Finn CT (2003) Family, twin, and adoption studies of bipolar disorder. Am J Med
Genet C Semin Med Genet 123C: 48–58

17 Propping P (2005) The biography of psychiatric genetics: from early achievements to historical
burden, from an anxious society to critical geneticists. Am J Med Genet B Neuropsychiatr Genet
136B: 2–7

18 Schulze TG, Fangerau H, Propping P (2004) From degeneration to genetic susceptibility, from
eugenics to genethics, from Bezugsziffer to LOD score: the history of psychiatric genetics. Int Rev
Psychiatry 16: 246–259

19 Bertelsen A, Harvald B, Hauge M (1977) A Danish twin study of manic-depressive disorders. Br
J Psychiatry 130: 331–351

20 Luxenburger H (1930) Psychiatrisch-neurologische Zwillingspathologie. Zbl Ges Neurol Psychiat
56: 145–180

21 McGuffin P, Rijsdijk F, Andrew M, Sham P, Katz R, Cardno A (2003) The heritability of bipolar
affective disorder and the genetic relationship to unipolar depression. Arch Gen Psychiatry 60:
497–502

22 Rosanoff AJ, Handy LM, Plessett IR (1934) The etiology of manic-depressive syndromes with
special reference to their occurrence in twins. Am J Psychiatry 91: 247–286

23 Mendlewicz J, Rainer JD (1977) Adoption study supporting genetic transmission in manic-depres-
sive illness. Nature 268: 327–329

24 Wender PH, Kety SS, Rosenthal D, Schulsinger F, Ortmann J, Lunde I (1986) Psychiatric disor-
ders in the biological and adoptive families of adopted individuals with affective disorders. Arch
Gen Psychiatry 43: 923–929

25 Gershon ES, Hamovit J, Guroff JJ, Dibble E, Leckman JF, Sceery W, Targum SD, Nurnberger JI
Jr, Goldin LR, Bunney WE Jr (1982) A family study of schizoaffective, bipolar I, bipolar II, unipo-
lar, and normal control probands. Arch Gen Psychiatry 39: 1157–1167

26 Weissman MM, Gershon ES, Kidd KK, Prusoff BA, Leckman JF, Dibble E, Thompson WD, Pauls
DL, Guroff JJ (1984) Psychiatric disorders in the relatives of probands with affective disorders.
The Yale University – National Institute of Mental Health Collaborative Study. Arch Gen
Psychiatry 41: 13–21

27 Berrettini WH (2000) Are schizophrenic and bipolar disorders related? A review of family and
molecular studies. Biol Psychiatry 48: 531–538

28 Dunner DL, Fleiss JL, Fieve RR (1976) The course of development of mania in patients with
recurrent depression. Am J Psychiatry 133: 905–908

29 McInnis MG, McMahon FJ, Chase GA, Simpson SG, Ross CA, DePaulo JR Jr (1993)
Anticipation in bipolar affective disorder. Am J Hum Genet 53: 385–390

30 Stine OC, Xu J, Koskela R, McMahon FJ, Gschwend M, Friddle C, Clark CD, McInnis MG,
Simpson SG, Breschel TS et al (1995) Evidence for linkage of bipolar disorder to chromosome 18

The genetic basis of bipolar disorder 71



with a parent-of-origin effect. Am J Hum Genet 57: 1384–1394
31 McMahon FJ, Stine OC, Meyers DA, Simpson SG, DePaulo JR Jr (1995) Patterns of maternal

transmission in bipolar affective disorder. Am J Hum Genet 56: 1277–1286
32 Botstein D, White RL, Skolnick M, Davis RW (1980) Construction of a genetic linkage map in

man using restriction fragment length polymorphisms. Am J Hum Genet 32: 314–331
33 Knowlton RG, Cohen-Haguenauer O, Van Cong N, Frezal J, Brown VA, Barker D, Braman JC,

Schumm JW, Tsui LC, Buchwald M (1985) A polymorphic DNA marker linked to cystic fibrosis
is located on chromosome 7. Nature 318: 380–382

34 Wainwright BJ, Scambler PJ, Schmidtke J, Watson EA, Law HY, Farrall M, Cooke HJ, Eiberg H,
Williamson R (1985) Localization of cystic fibrosis locus to human chromosome 7cen-q22.
Nature 318: 384–385

35 Gusella JF, Wexler NS, Conneally PM, Naylor SL, Anderson MA, Tanzi RE, Watkins PC, Ottina
K, Wallace MR, Sakaguchi AY (1983) A polymorphic DNA marker genetically linked to
Huntington’s disease. Nature 306: 234–238

36 Egeland JA, Gerhard DS, Pauls DL, Sussex JN, Kidd KK, Allen CR, Hostetter AM, Housman DE
(1987) Bipolar affective disorders linked to DNA markers on chromosome 11. Nature 325:
783–787

37 Kelsoe JR, Ginns EI, Egeland JA, Gerhard DS, Goldstein AM, Bale SJ, Pauls DL, Long RT, Kidd
KK, Conte G (1989) Re-evaluation of the linkage relationship between chromosome 11p loci and
the gene for bipolar affective disorder in the Old Order Amish. Nature 342: 238–243

38 Risch N, Botstein D (1996) A manic depressive history. Nat Genet 12: 351–353
39 Schulze TG, McMahon FJ (2003) Genetic linkage and association studies in bipolar affective dis-

order: a time for optimism. Am J Med Genet C Semin Med Genet 123C: 36–47
40 Badner JA, Gershon ES (2002) Meta-analysis of whole-genome linkage scans of bipolar disorder

and schizophrenia. Mol Psychiatry 7: 405–411
41 McQueen MB, Devlin B, Faraone SV, Nimgaonkar VL, Sklar P, Smoller JW, Abou Jamra R, Albus

M, Bacanu SA, Baron M et al (2005) Combined analysis from eleven linkage studies of bipolar
disorder provides strong evidence of susceptibility loci on chromosomes 6q and 8q. Am J Hum
Genet 77: 582–595

42 Seguardo R, Detera-Wadleigh SD, Levinson DF, Lewis CM, Gill M, Nurnberger JI Jr, Craddock
N, DePaulo JR Jr, Baron M, Gershon ES et al (2003) Genome scan meta-analysis of schizophre-
nia and bipolar disorder, part III: Bipolar disorder. Am J Hum Genet 73: 49–62

43 McMahon FJ (2007) A success at the end of an era, and a glimpse of things to come. Am J
Psychiatry 164: 999–1001

44 Clerget-Darpoux F, Elston RC (2007) Are linkage analysis and the collection of family data dead?
Prospects for family studies in the age of genome-wide association. Hum Hered 64: 91–96

45 Morrow EM, Yoo SY, Flavell SW, Kim TK, Lin Y, Hill RS, Mukaddes NM, Balkhy S, Gascon G,
Hashmi A et al (2008) Identifying autism loci and genes by tracing recent shared ancestry. Science
321: 218–223

46 Detera-Wadleigh SD, McMahon FJ (2006) G72/G30 in schizophrenia and bipolar disorder: review
and meta-analysis. Biol Psychiatry 60: 106–114

47 The Celera Genomics Sequencing Team (2001) The sequence of the human genome. Science 291:
1304–1351

48 The International Human Genome Mapping Consortium (2001) A physical map of the human
genome. Nature 409: 934–941

49 The International HapMap Consortium (2004) The International HapMap Consortium. The
International HapMap Project. Nature 426: 789–796

50 Diabetes Genetics Initiative (2007) Genome-wide association analysis identifies loci for type 2
diabetes and triglyceride levels. Science 316: 1331–1336

51 Scott LJ, Mohlke KL, Bonnycaste LL, Willer CJ, Li Y, Duren WL, Erdos MR, Stringham HM,
Chines PS, Jackson AU et al (2007) A genome-wide association study of type 2 diabetes in Finns
detects multiple susceptibility variants. Science 316: 1341–1345

52 Sladek R, Rochelau G, Rung J, Dina C, Shen L, Serre D, Boutin P, Vincent D, Belisle A, Hadjadj
S et al (2007) A genome-wide association study identifies novel risk loci for type 2 diabetes.
Nature 445: 881–885

53 The Wellcome Trust Case Control Consortium (2007) Genome-wide association study of 14,000
cases of seven common diseases and 3,000 shared controls. Nature 447: 661–678

54 Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, Lindgren CM, Perry JR, Elliott

72 T.G. Schulze and F.J. McMahon



KS, Lango H, Rayner NW et al (2007) A common variant in the FTO gene is associated with body
mass index and predisposes to childhood and adult obesity. Science 316: 889–894

55 Helgadottir A, Thorleifsson G, Manolescu A, Gretarsdottir S, Blondal T, Jonasdottir A, Jonasdottir
A, Sigurdsson A, Baker A, Palsson A et al (2007) A common variant on chromosome 9p21 affects
the risk of myocardial infarction. Science 316: 1491–1493

56 McPherson R, Pertsemlidis A, Kavaslar N, Stewart A, Roberts R, Cox DR, Hinds DA, Pennachio
LA, Tybjaerg-Hansen A, Folsom AR et al (2007) A common allele on chromosome 9 associated
with coronary heart disease. Science 316: 1488–1491

57 Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes C, Henning AK, SanGiovanni JP, Mane
SM, Mayne ST et al (2005) Complement factor H polymorphism in age-related macular degener-
ation. Science 308: 385–389

58 Maller J, George S, Purcell S, Fagerness J, Altshuler D, Daly MJ, Seddon JM (2006) Common
variation in three genes, including a noncoding variant in CFH, strongly influences risk of age-
related macular degeneration. Nat Genet 38: 1055–1059

59 Hampe J, Franke A, Rosenstiel P, Till A, Teuber M, Huse K, Albrecht M, Mayr G, De La Vega
FM, Briggs J et al (2007) A genome-wide association scan of nonsynonymous SNPs identifies a
susceptibility variant for Crohn disease in ATG16L1. Nat Genet 39: 207–211

60 Rioux JD, Xavier RJ, Taylor KD, Silverberg MS, Goyette P, Huett A, Green T, Kuballa P, Barmada
MM, Datta LW et al (2007) Genome-wide association study identifies new susceptibility loci for
Crohn disease and implicates autophagy in disease pathogenesis. Nat Genet 39: 596–604

61 Gudmundsson J, Sulem P, Manolescu A, Amundadottir LT, Gudbjartsson D, Helgason A, Rafnar
T, Bergthorsson JT, Agnarsson BA, Baker A et al (2007) Genome-wide association study identi-
fies a second prostate cancer susceptibility variant at 8q24. Nat Genet 39: 631–637

62 Yeager M, Orr N, Jacobs KB, Kraft P, Wacholder S, Minichiello MJ, Fearnhead P, Yu K,
Chatterjee N, Wang Z et al (2007) Genome-wide association study of prostate cancer identifies a
second risk locus at 8q24. Nat Genet 39: 645–649

63 Baum AE, Akula N, Cabanero M, Cardona I, Corona W, Klemens B, Schulze TG, Cichon S,
Rietschel M, Nothen MM et al (2008) A genome-wide association study implicates diacylglycerol
kinase eta (DGKH) and several other genes in the etiology of bipolar disorder. Mol Psychiatry 13:
197–207

64 Sklar P, Smoller JW, Fan J, Ferreira MA, Perlis RH, Chambert K, Nimgaonkar VL, McQueen MB,
Faraone SV, Kirby A et al (2008) Whole-genome association study of bipolar disorder. Mol
Psychiatry 13: 558–569

65 Lango H, Weedon MN (2008) What will whole genome searches for susceptibility genes for com-
mon complex disease offer to clinical practice. J Intern Med 263: 16–27

66 Manolio TA, Brooks LD, Collins FS (2008) A HapMap harvest of insights into the genetics of
common disease. J Clin Invest 118: 1590–1605

67 Falconer DS (1981) Introduction to quantitative genetics. Longman, London
68 Keller MC, Miller G (2006) Resolving the paradox of common, harmful, heritable mental disor-

ders: which evolutionary genetic models work best? Behav Brain Sci 29: 385–404
69 Pritchard JK (2001) Are rare variants responsible for susceptibility to complex diseases? Am J

Hum Genet 69: 124–137
70 Pritchard JK, Cox NJ (2002) The allelic architecture of human disease genes: common disease-

common variant…or not? Hum Mol Genet 11: 2417–2423
71 Terwilliger JD, Haghighi F, Hiekkalinna TS, Goring HH (2002) A biased assessment of the use of

SNPs in human complex traits. Curr Opin Genet Dev 12: 726–734
72 Sebat J, Lakshmi B, Malhotra D, Troge J, Lese-Martin C, Walsh T, Yamrom B, Yoon S, Krasnitz

A, Kendall J et al (2007) Strong association of de novo copy number mutations with autism.
Science 316: 445–449

73 Walsh T, McClellan JM, McCarthy SE, Addington AM, Pierce SB, Cooper GM, Nord AS,
Kusenda RL, Malhotra D, Bhandari A et al (2008) Rare structural variants disrupt multiple genes
in neurodevelopmental pathways in schizophrenia. Science 320: 539–543

74 Xu B, Roos JL, Levy S, van Rensburg EJ, Gogos JA, Karayiorgou M (2008) Strong association of
de novo copy number mutations with sporadic schizophrenia. Nat Genet 40: 880–885

75 Schulze TG, Ohlraun S, Czerski PM, Schumacher J, Kassem L, Deschner M, Gross M, Tullius M,
Heidmann V, Kovalenko S et al (2005) Genotype-phenotype studies in bipolar disorder showing
association between the DAOA/G30 locus and persecutory delusions: a first step toward a mole-
cular genetic classification of psychiatric phenotypes. Am J Psychiatry 162: 2101–2108

The genetic basis of bipolar disorder 73



76 Williams NM, Green EK, Macgregor S, Dwyer S, Norton N, Williams H, Raybould R, Grozeva
D, Hamshere M, Zammit S et al (2006) Variation at the DAOA/G30 locus influences susceptibil-
ity to major mood episodes but not psychosis in schizophrenia and bipolar disorder. Arch Gen
Psychiatry 63: 366–373

77 Craddock N, Owen MJ (2007) Rethinking psychosis: the disadvantages of a dichotomous classi-
fication now outweigh the advantages. World Psychiatry 6: 84–91

78 Braun J, Sieper J (2006) Early diagnosis of spondyloarthritis. Nat Clin Pract Rheumatol 2:
536–545

79 Fisfalen ME, Schulze TG, DePaulo JR Jr, DeGroot LJ, Badner JA, McMahon FJ (2005) Familial
variation in episode frequency in bipolar affective disorder. Am J Psychiatry 162: 1266–1272

80 McMahon FJ, Simpson SG, McInnis MG, Badner JA, MacKinnon DF, DePaulo JR Jr (2001)
Linkage of bipolar disorder to chromosome 18q and the validity of bipolar II disorder. Arch Gen
Psychiatry 58: 1025–1031

81 Potash JB, Zandi PP, Willour VL, Lan TH, Huo Y, Avramopoulos D, Shugart YY, MacKinnon DF,
Simpson SG, McMahon FJ et al (2003) Suggestive linkage to chromosomal regions 13q31 and
22q12 in families with psychotic bipolar disorder. Am J Psychiatry 160: 680–686

82 Faraone SV, Glatt SJ, Su J, Tsuang MT (2004) Three potential susceptibility loci shown by a
genome-wide scan for regions influencing the age at onset of mania. Am J Psychiatry 161:
625–630

83 Lin PI, McInnis MG, Potash JB, Willour VL, MacKinnon DF, DePaulo JR Jr, Zandi PP (2005)
Assessment of the effect of age at onset on linkage to bipolar disorder: evidence on chromosomes
18p and 21q. Am J Hum Genet 77: 545–555

84 Kassem L, Lopez V, Hedeker D, Steele J, Zandi PP, Bipolar Disorder Consortium NIMH Genetics
Initiative, McMahon FJ (2006) Familiality of polarity at illness onset in bipolar affective disorder.
Am J Psychiatry 163: 1754–1759

85 Craddock N, Jones L, Jones I, Kirov G, Green EK, Grozeva D, Moskvina V, Nikolov I, Hamshere
M, Vukcevic D et al (2008) Strong genetic evidence for a selective influence of GABAA recep-
tors on a component of the bipolar disorder phenotype. Mol Psychiatry July 1, Epub ahead of print

86 Iannuzzi MC, Baughman RP (2007) Reverse phenotyping in sarcoidosis. Am J Respir Crit Care
Med 175: 4–5

87 Potash JB, Toolan J, Steele J, Miller EB, Pearl J, Zandi PP, Schulze TG, Kassem L, Simpson SG,
Lopez V et al (2007) The bipolar disorder phenome database: a resource for genetic studies. Am J
Psychiatry 164: 1229–1237

88 Schulze TG, Hedeker D, Zandi PP, Rietschel M, McMahon FJ (2006) What is familial about
familial bipolar disorder? Resemblance among relatives across a broad spectrum of phenotypic
characteristics. Arch Gen Psychiatry 63: 1368–1376

89 Brockmoller J, Tzvetkov MV (2008) Pharmacogenetics: data, concepts and tools to improve drug
discovery and drug treatment. Eur J Clin Pharmacol 64: 133–157

90 Kirchheiner J, Nickchen K, Bauer M, Wong ML, Licinio J, Roots I, Brockmoller J (2004)
Pharmacogenetics of antidepressants and antipsychotics: the contribution of allelic variations to
the phenotype of drug response. Mol Psychiatry 9: 442–473

91 Laje G, Paddock S, Manji HK, Rush AJ, Wilson AF, Charney D, McMahon FJ (2007) Genetic
markers of suicidal ideation emerging during citalopram treatment of major depression. Am J
Psychiatry 164: 1530–1538

92 Lekman M, Laje G, Charney D, Rush AJ, Wilson AF, Sorant AJ, Lipsky R, Wisniewski SR, Manji
HK, McMahon FJ et al (2008) The FKBP5-gene in depression and treatment response – an asso-
ciation study in the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) Cohort.
Biol Psychiatry 63: 1103–1110

93 McMahon FJ, Buervenich S, Charney D, Lipsky R, Rush AJ, Wilson AF, Sorant AJ, Papanicolaou
GJ, Laje G, Fava M et al (2006) Variation in the gene encoding the serotonin 2A receptor is asso-
ciated with outcome of antidepressant treatment. Am J Hum Genet 78: 804–814

94 Paddock S, Laje G, Charney D, Rush AJ, Wilson AF, Sorant AJ, Lipsky R, Wisniewski SR, Manji
HK, McMahon FJ (2007) Association of GRIK4 with outcome of antidepressant treatment in the
STAR*D cohort. Am J Psychiatry 164: 1181–1188

95 Alda M (2003) Pharmacogenetic aspects of bipolar disorder. Pharmacogenomics 4: 35–40
96 Winokur G (1975) The Iowa 500: heterogeneity and course in manic-depressive illness (bipolar).

Compr Psychiatry 16: 125–131
97 Bremer T, Diamond C, McKinney R, Shehktman T, Barrett TB, Herold C, Kelsoe JR (2007) The

74 T.G. Schulze and F.J. McMahon



pharmacogenetics of lithium response depends upon clinical co-morbidity. Mol Diagn Ther 11:
161–170

98 Dmitrzak-Weglarz M, Rybakowski JK, Suwalska A, Slopien A, Czerski PM, Leszczynska-
Rodziewicz A, Hauser J (2005) Association studies of 5-HT2A and 5-HT2C serotonin receptor
gene polymorphisms with prophylactic lithium response in bipolar patients. Pharmacol Rep 57:
761–765

99 Rybakowski JK, Suwalska A, Czerski PM, Dmitrzak-Weglarz M, Leszczynska-Rodziewicz A,
Hauser J (2005) Prophylactic effect of lithium in bipolar affective illness may be related to sero-
tonin transporter genotype. Pharmacol Rep 57: 124–127

100 Rybakowski JK, Suwalska A, Skibinska M, Szczepankiewicz A, Leszczynska-Rodziewicz A,
Permoda A, Czerski PM, Hauser J (2005) Prophylactic lithium response and polymorphism of the
brain-derived neurotrophic factor gene. Pharmacopsychiatry 38: 166–170

101 Anguelova M, Benkelfat C, Turecki G (2003) A systematic review of association studies investi-
gating genes coding for serotonin receptors and the serotonin transporter: I. Affective disorders.
Mol Psychiatry 8: 574–591

102 Fan J, Sklar P (2008) Genetics of bipolar disorder: focus on BDNF Val66Met polymorphism.
Novartis Found Symp 289: 60–72

103 Kanazawa T, Glatt SJ, Kia-Keating B, Yoneda H, Tsuang MT (2007) Meta-analysis reveals no
association of the Val66Met polymorphism of brain-derived neurotrophic factor with either schiz-
ophrenia or bipolar disorder. Psychiatr Genet 17: 165–170

104 Hodgkinson CA, Goldman D, Jaeger J, Persaud S, Kane JM, Lipsky R, Malhotra D (2004)
Disrupted in schizophrenia 1 (DISC1): association with schizophrenia, schizoaffective disorder,
and bipolar disorder. Am J Hum Genet 75: 862–872

105 Perlis RH, Purcell S, Fagerness J, Kirby A, Petryshen TL, Fan J, Sklar P (2008) Family-based
association study of lithium-related and other candidate genes in bipolar disorder. Arch Gen
Psychiatry 65: 53–61

106 Thomson PA, Wray NR, Millar JK, Evans KL, Hellard SL, Condie A, Muir WJ, Blackwood D,
Porteous DJ (2005) Association between the TRAX/DISC locus and both bipolar disorder and
schizophrenia in the Scottish population. Mol Psychiatry 10: 657–658

107 Cichon S, WInge I, Mattheisen M, Georgi A, Karpushova A, Freudenberg-Hua Y, Babadjanova
G, van den Bogaert A, Abramova LI, Kapiletti S et al (2008) Brain-specific tryptophan hydroxy-
lase 2 (TPH2): a functional Pro206Ser substitution and variation in the 5'-region are associated
with bipolar affective disorder. Hum Mol Genet 17: 87–97

108 Harvey M, Gagne B, Labbe M, Barden N (2007) Polymorphisms in the neuronal isoform of tryp-
tophan hydroxylase 2 are associated with bipolar disorder in French Canadian pedigrees.
Psychiatr Genet 17: 17–22

109 Harvey M, Shink E, Tremblay M, Gagne B, Raymond C, Labbe M, Walther DJ, Bader M, Barden
N (2004) Support for the involvement of TPH2 gene in affective disorders. Mol Psychiatry 9:
980–981

110 Lopez V, Detera-Wadleigh SD, Cardona I, NIMH Genetics Initiative Bipolar Disorder
Consortium, Kassem L, McMahon FJ (2007) Nested association between genetic variation in
tryptophan hydroxylase II, bipolar affective disorder, and suicide attempts. Biol Psychiatry 61:
181–186

111 van den Bogaert A, Sleegers K, De Zutter S, Heyrman L, Norrback KF, Adolfsson R, Van
Broeckhoven C, Del-Favero J (2006) Association of brain-specific tryptophan hydroxylase,
TPH2, with unipolar and bipolar disorder in a Northern Swedish, isolated population. Arch Gen
Psychiatry 63: 1103–1110

112 Mansour HA, Wood J, Logue T, Chowdari KV, Dayal M, Kupfer DJ, Monk TH, Devlin B,
Nimgaonkar VL (2006) Association study of eight circadian genes with bipolar I disorder,
schizoaffective disorder and schizophrenia. Genes Brain Behav 5: 150–157

113 Nievergelt CM, Kripke DF, Barrett TB, Burg E, Remick RA, Sadovnick AD, McElroy SL, Keck
PE Jr, Schork NJ, Kelsoe JR (2006) Suggestive evidence for association of the circadian genes
PERIOD3 and ARNTL with bipolar disorder. Am J Med Genet B Neuropsychiatr Genet 141B:
234–241

114 Abou Jamra R, Becker T, Georgi A, Feulner T, Schumacher J, Stromaier J, Schirmbeck F, Schulze
TG, Propping P, Rietschel M et al (2008) Genetic variation of the FAT gene at 4q35 is associat-
ed with bipolar affective disorder. Mol Psychiatry 13: 277–284

115 Blair IP, Chetcuti AF, Badenhop RF, Scimone A, Moses MJ, Adams LJ, Craddock N, Green EK,

The genetic basis of bipolar disorder 75



76 T.G. Schulze and F.J. McMahon

Kirov G, Owen MJ et al (2006) Positional cloning, association analysis and expression studies
provide convergent evidence that the cadherin gene FAT contains a bipolar disorder susceptibili-
ty allele. Mol Psychiatry 11: 372–383

116 Baum AE, Hamshere M, Green EK, Cichon S, Rietschel M, Noethen MM, Craddock N,
McMahon FJ (2008) Meta-analysis of two genome-wide association studies of bipolar disorder
reveals important points of agreement. Mol Psychiatry 13: 466–467



Understanding the neurobiology of bipolar
depression

Jun-Feng Wang and L. Trevor Young

Department of Psychiatry, University of British Columbia, 2255 Wesbrook Mall, Vancouver, BC,
Canada

Abstract

Many studies have shown decreased brain volume and cell number in prefrontal and limbic
regions of bipolar disorder subjects, suggesting presence of disturbed neuronal circuitry and
impaired neuroplasticity in these regions. The serotonin system plays an important role in
depression and is a target of antidepressants. Studies have shown that the major serotonin
metabolite 5-HIAA and serotonin transporter activity are decreased in cerebrospinal fluid,
brain or platelets of subjects with bipolar depression, indicating that an abnormal serotonin
system also contributes significantly to this disease. Mitochondria regulate synthesis, release
and uptake of neurotransmitters via energy production. Evidence has shown that glucose
metabolic rate and cerebral blood flow are decreased in bipolar depression. Studies also sug-
gest defects in mitochondrial electron transport chain and oxidative damage in bipolar disor-
der. These studies together indicate that bipolar depression may be associated with an abnor-
mal serotonin system resulting from mitochondrial dysfunction-induced impaired neuroplas-
ticity in neuronal circuitry related to mood regulation.

Introduction

The depressed phase of bipolar disorder remains an enormous challenge for
patients, their families and to clinicians. Depression is far more common in
bipolar disorder than is mania, and is associated with high rates of suicide or
suicide attempts and marked impairment in function [1–5]. There has long
been debate about whether bipolar depression is similar to or different from
unipolar depression, with recognition of different treatment responses and
clinical courses suggesting a different neurobiology.

Mood stabilizing drugs are useful for treatment of different phases of the ill-
ness including treatment of mania and depression acutely and prophylaxis
against relapse into either state. There is a general consensus that treating
either acute depression or preventing relapses into depression is more chal-
lenging than treating mania and that the drugs we use to treat the disorder are
less effective for these symptoms [6]. Therefore, a better understanding of the
molecular mechanism of bipolar disorder, and particularly of bipolar depres-
sion, is critical to improving treatment for the disease.
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Many studies using brain imaging and postmortem brain tissue have
revealed reduced brain volume and cell density in prefrontal cortex and limbic
regions from subjects with bipolar disorder. These findings suggest that criti-
cal neuronal circuits made up of regions that modulate emotion and mood are
disturbed, which subsequently affects synthesis, release, reuptake and other
functions of neurotransmitters and results in impairment of neuroplasticity.
Serotoninergic neurotransmitter system has been extensively studied in the
pathology of major depressive disorder, and is targeted by antidepressants.
Studies also implicate the serotoninergic system in bipolar depression and as a
target for many mood stabilizing drugs, suggesting that the system may also
have a critical role in the pathology of bipolar disorder. It remains to be deter-
mined what causes or promotes the loss in neuroplasticity and cell loss in bipo-
lar disorder. Among several plausible hypotheses, the possibility that altered
energy metabolism and oxidative stress occurs in the illness lead to cellular
damage is becoming increasing accepted. Mitochondria are enriched in both
dendrites and synaptic terminals, produce energy for many neuronal functions
including synthesis, release and reuptake of neurotransmitters, and are impor-
tant in regulation of neuronal plasticity and surviving. Increasing evidence
suggest impaired energy metabolism and mitochondrial dysfunction in brain
of bipolar disorder patients.

In the following chapter, we review findings on the neurobiology of depres-
sion. Most studies in bipolar disorder have not focused only on the depressed
phase of illness but have looked at patients in all phases of illness. There is a
long debate about whether these may be a specific neurobiology of depression
in bipolar disorder and how it relates to unipolar depression. We have focused
on the three areas described above as they are related to approaches that have
been successful in the study of major depression. We suggest in this review
that cell loss and decreased neuroplasticity occurred in key limbic and cortical
regions lead to monoaminergic dysfunction including the serotonin system,
which could contribute to depressive symptoms. Finally we suggest that
altered energy metabolism occurs in bipolar disorder which ultimately results
in cell damage and altered neurotransmission.

Structural abnormality in frontal and limbic brain regions of subjects
with bipolar disorder

Mood regulation appears to be related to activity in the prefrontal cortex and
anterior cingulate cortex, and in the hippocampal and amygdalar limbic brain
regions, all of which together regulate behaviors such as emotion, attention,
motivation and cognition. Prefrontal cortex plays a critical role in thought
processes that control mood, cognition and motor behavior functions. Anterior
cingulate cortex is important to attentional, emotional and cognitive mental
functions, and in the initiation of motivated behavior. Hippocampal and amyg-
dalar limbic regions are involved in production of emotion, in motivation, and
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in emotional association with memory [7–10]. In patients with bipolar disor-
der, compelling evidence for structural abnormalities, cell loss and reduced
cell density in these key brain regions associated with mood regulation has
been provided by neuroimaging and postmortem brain studies.

Using magnetic resonance imaging, a number of these studies have found a
decrease in grey matter volume in prefrontal cortex from bipolar and unipolar
depression patients (Fig. 1) [11–14]. However, the findings for changes in hip-
pocampal and amygdalar volume in adult bipolar subjects are equivocal com-
pared to those for prefrontal cortex [15–21]. The reasons for the discrepant
data for structural hippocampal and amygdalar changes may reflect the varied
histories of illness diagnosis and treatment that are characteristic of adult bipo-
lar disorder populations. On the other hand, recent studies in children and ado-
lescents with bipolar disorder have consistently reported decreased amygdalar
volume [22–25]. Altshuler et al. [26] found that amygdalar volume in bipolar
disorder subjects with a history of psychoses was positively correlated with the
number of manic episodes, indicating that course of illness may play a role in
exacerbating volumetric changes.

Postmortem brain studies have provided direct evidence suggesting that
reduced cell number and cell density may contribute to structural changes in
the brain that have been observed in bipolar disorder subjects. Rajkowska et al.
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Figure 1. MRI-based volumes of the left subgenual prefrontal cortex (PFC) grey matter differed
between the bipolar disordered, unipolar depressed and control groups (ANOVA, F = 9.8; P < 0.0002,
co-varying for gender, age and whole brain volume). Post hoc tests (Tukey-Kramer) showed signifi-
cant volumetric decreases in the bipolar and unipolar groups relative to the control group. Whole-
brain MRI volume and skull X-ray measures (product of anterior-posterior distance between the inner
tables of the skull at the estimated bicommissural segment and perpendicular distance from the mid-
point of the bicommissural segment to the vertex) were slightly smaller in the unipolar group com-
pared with the bipolar and control groups, and did not differ between the bipolar and control groups.
The left subgenual PFC/whole brain volume ratio was also reduced in the bipolar and unipolar groups,
being 1.8 × 10–4 ± 0.74 × 10–4, 1.1 × 10–4 ± 0.64 × 10–4, and 1.1 × 10–4 ± 0.51 × 10–4 in the control,
bipolar, and unipolar groups, respectively (F = 8.4; P < 0.001) [11].



[27] found, in the prefrontal area, that pyramidal cell density in layers III and
V were decreased in bipolar disorder subjects. Non-pyramidal neurons were
also reported to be decreased in layer II of anterior cingulate cortex and in the
CA2 region of hippocampus [28, 29]. Recent data have also indicated
decreased neuronal size and number in the lateral nucleus of the amygdala in
subjects with bipolar disorder [30, 31]. Aberrant mossy fiber sprouting has
been observed in the hippocampus of bipolar disorder subjects [32], which is
suggestive of altered neuroplasticity. Levels of the neuronal viability marker
N-acetyl-aspartate was shown to be decreased in post mortem prefrontal cor-
tex of bipolar disorder subjects [33, 34]. Glial number and density were also
reduced in the same region [27, 35]. The glial fibrillary acidic protein isoforms
were found to be decreased in the prefrontal cortex of both bipolar disorder
and unipolar depression subjects, suggesting decreased astrocytes [36]. It has
also been reported that dystrophic alterations and reduced density occur in
oligodendroglial cells in layer VI of BA 9/10 in bipolar disorder subjects
[37–39]. These results suggest that both astrocytes and oligodendroglial cells
are involved in the changes observed in glial cells.

Changes of volume and cell density in prefrontal and limbic brain regions
suggest a possible disruption of neuronal circuits which regulate mood and
emotion. Brain derived neurotrophic factor (BDNF) is abundantly and widely
distributed in brain. It regulates synapse formation, differentiation and neu-
ronal survival, and plays an important role in regulation of neuroplasticity and
behaviors. Recent studies have shown that altered expression of BDNF occurs
in brain in bipolar disorder, suggesting that it is an important factor in causing
or promoting changes in neuronal structure or density in these brain regions.
For example, it has been reported that levels of BDNF protein were lower in
postmortem hippocampus of subjects with bipolar disorder than controls [40].
The val66met BDNF polymorphism has also shown to be associated with
bipolar disorder [41–44]. Recently, a number of studies also found abnormal
expression of BDNF in peripheral blood from bipolar patients. Cunha et al.
[45] investigated serum BDNF levels in manic, depressive and euthymic states
of BD patients and found that serum BDNF levels in manic and depressive
states, but not in euthymic state, were decreased when compared with healthy
controls. Decreased serum BDNF levels have also been found in euthymic
patients with bipolar disorder, and depressed and euthymic patients with
unipolar depression [46]. Our laboratory also found that BDNF levels were
significantly lower in lymphoblasts from bipolar disorder subjects when com-
pared with matched healthy controls [47] (Fig. 2). These findings together
implicate BDNF may be one of the critical factors which ultimately contribute
to a loss of neuroplasticity and cell loss in bipolar disorder.

There are many consequences to disruption of these neurons and impair-
ment of neuroplasticity, one of which is the possibility that these changes may
lead to a predisposition for depressive and manic affective responses. The sero-
toninergic system has long been identified as important in mood and in partic-
ular depression. Indeed, as reviewed below both older and very recent data
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suggest the importance of this same neurotransmitter in bipolar depression. We
speculate that this may be one of the consequences of the cellular changes in
brain of patients with bipolar disorder which is critical to the development of
depressive symptoms and episodes.

Serotonin neurotransmitter system in subjects with bipolar depression

The serotonergic neurons project to many cortical brain regions and regulate
many brain functions such as emotion, cognition, motor function, pain sensi-
tivity and many others. Based upon evidence from neuroimaging, postmortem
brain, peripheral blood cell, pharmacological and genetic studies, an abnormal
serotoninergic system is well acknowledged to play an important role in the
pathophysiology of unipolar depression. Although whether molecular and cel-
lular mechanisms are distinct in unipolar depression and bipolar depression
remains unclear, a number of studies have also suggested that the serotoniner-
gic system, particularly serotonin level and serotonin transporter reuptake
activity, is altered in bipolar depression.

Studies have shown that the turnover of serotonin is altered in bipolar
depression. 5-hydroxyindoleacetic acid (5-HIAA) is the main metabolite of
serotonin. Decreased concentrations of this serotonin metabolite have been
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Figure 2. BDNF protein levels in transformed lymphoblasts from non-psychiatric controls and lithi-
um-responsive bipolar subjects, with and without 1 mM lithium treatment for 7 days, and unaffected
relatives. BDNF protein levels were 36% lower in subjects with bipolar disorder compared to non-
psychiatric controls (*, p = 0.02), and this decrease remained (33%, §, p = 0.02) after lithium treat-
ment. Lithium treatment decreased BDNF levels in both bipolar and control populations (†, p = 0.05).
All measures are expressed as mean ± standard deviation [47].



consistently reported in cerebrospinal fluid of bipolar depressed patients. It has
been reported that the concentration of 5-HIAA in cerebrospinal fluid of
depressed subjects, including both bipolar and unipolar subjects, was signifi-
cantly lower than that of healthy controls [48]. The concentration of 5-HIAA
in cerebrospinal fluid has also been found to be decreased in bipolar depres-
sion subjects with suicide attempts when compared with controls [49]. It is
interesting that 5-HIAA levels of cerebrospinal fluid were significantly
increased in female manic patients when compared with gender matched con-
trols [50]. Decreased 5-HIAA levels in depression, and increased 5-HIAA lev-
els in mania, suggest an important relevance of 5-HIAA in manic and depres-
sive symptoms of bipolar disorder. In order to determine if monoamine
metabolites are critical to lethality of suicide attempts in bipolar patients, Sher
et al. [51] recently using high-performance liquid chromatography to analyze
the relationship between 5-HIAA, dopamine metabolite homovanillic acid
(HVA) and norepinephrine metabolite 3-methoxy-4-hydroxyphenylglycol
(MHPG) levels in cerebrospinal fluid, and maximum lethality of suicide
attempts during a 2-year follow up in 27 bipolar depressed patients. They
found that 5-HIAA, HVA, and MHPG levels were negatively correlated with
the maximum lethality of suicide attempts during this follow-up period.
Decreased levels of monoamine metabolites have also been found in post-
mortem brain tissue in subjects with bipolar depression. Young et al. [52] found
that in bipolar disorder subjects who died while depressed, 5-HIAA levels
were decreased in postmortem frontal and parietal cortex, and 5-HIAA/sero-
tonin ratio was decreased in postmortem temporal cortex, while HVA levels
were decreased in postmortem parietal cortex and HVA/dopamine ratios were
decreased in postmortem occipital cortex when compared with controls. These
studies suggest that decreased production or increased removal of 5-HIAA in
cerebrospinal fluid and brain play an important role in bipolar depression, and
also suggest that levels of monoamine metabolites may be used as predictors
of lethality of suicide attempts in subjects with bipolar disorder.

Serotonin transporter in presynaptic terminals reuptakes the neurotransmit-
ter serotonin from synaptic cleft into presynaptic neurons, and is a key mole-
cule for control of synaptic serotonin levels. Serotonin transporter is also pri-
mary target for many antidepressants [53, 54]. A number of studies indicate
abnormal serotonin transporter activity in subjects with bipolar depression.
Among these studies, most reported that the serotonin transporter activity is
decreased in this disorder, but some also reported that the serotonin transporter
activity is not changed or increased.

Serotonin transporter activity has been measured by analyzing the binding
of selective serotonin reuptake inhibitor with the transporter uptake site. Leake
et al. [55] studied 15 subjects with depression, 9 with major depressive disor-
der and 6 with bipolar disorder, and found that the concentration of 3H-citalo-
pram binding to serotonin transporter was lower in postmortem frontal cortex
from depressed subjects when compared with controls. They also found that
serotonin uptake sites were attenuated in a trend in subjects with bipolar
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depression. Human platelets are able to uptake serotonin and resemble presy-
naptic serotoninergic neurons [56], which provide a convenient model to
investigate involvement of the serotonin system in the pathophysiology of
mood disorders. Stahl et al. [57] found that serotonin uptake was significantly
reduced in subjects with bipolar depression, but not in subjects with schizo-
phrenia when compared to controls. It has also been found that the maximum
rate for serotonin reuptake into platelets was reduced in subjects with bipolar
depression and unipolar depression [58–60]. However, serotonin transporter
activity in platelets has also been reported to be no change between subjects
with controls and bipolar depression [61]. Although no difference of serotonin
transporter activity between subjects with depression and healthy controls has
also been found, serotonin transporter activity has been found to be signifi-
cantly lower in subjects with bipolar depression than unipolar depression [62].
A difference in this transporter activity between subjects with bipolar depres-
sion and unipolar depression may be useful to classify clinically defined sub-
types of depression in affective disorders.

Decreased serotonin transporter activity in bipolar depression was also con-
firmed by a study using positron emission tomography. Oquendo et al. [63]
recently studied brain serotonin transporter binding using positron emission
tomography and radiolabeled trans-1,2,3,5,6,10-β-hexahydro-6-[4-(methyl-
thio) phenyl] pyrrolo-[2,1-a]-isoquinoline (11C(+)-McN5652) in 18 medication-
free patients with bipolar depression compared with 41 controls. They found
that serotonin transporter binding activity was reduced by 16% to 26% in the
midbrain, amygdala, hippocampus, thalamus, putamen, and anterior cingulate
cortex of patients with bipolar depression (Fig. 3). Using the same technology,
serotonin transporter binding activity has also been found to be decreased in
subjects with unipolar depression [64–66]. Low serotonin transporter binding
activity may represent serotonin transporter internalization that is facilitated by
decreased serotonin levels in synaptic cleft in subjects with bipolar depression.
Because serotonin transporter binding has been used as is a marker for sero-
toninergic neurons, low serotonin transporter binding activity may also indicate
fewer serotoninergic neurons in subjects with bipolar depression [63, 67, 68].
[11C]-3-amino-4-(2-dimethylaminomethyl-phenylsulfanyl)-benzonitrile ([11C]
DASB), a recently developed diphenyl sulfide radioligands, is able to higher
selectively bind serotonin transporter in vivo than previously available radioli-
gands. Cannon et al. [69, 70] analyzed the serotonin transporter binding poten-
tial in 18 unmedicated subjects with bipolar depression and 37 healthy controls
using positron emission tomography and [11C] DASB. They found that the sero-
tonin binding activity was decreased in pontine raphe-nuclei of the brainstem,
but increased in the thalamus, dorsal cingulate cortex, medial prefrontal cortex
and insula when compared with controls. They also found that serotonin trans-
porter binding was lower in the midbrain and higher in anterior cingulate cor-
tex of bipolar subjects with a history of suicide attempts when compared to con-
trols or bipolar subjects without suicide attempts. It is interesting that subjects
with bipolar depression have shown lower serotonin transporter binding poten-
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tial in pontine raphe-nuclei region than subjects with unipolar depression and
controls, while subjects with unipolar depression have shown higher serotonin
binding potential in periaqueductal gray of middle brain than subjects with
bipolar and controls. This difference of serotonin binding potential in brainstem
between unipolar depression and bipolar depression may be relevant to patterns
of illness symptoms and pharmacological sensitivity for these disorders.

In summary, the levels of the major metabolite of serotonin 5-HIAA may be
decreased in cerebrospinal fluid and brain of subjects with bipolar depression,
suggesting that intra-synaptic serotonin levels are low in this disorder. The
findings of serotonin transporter binding activity in bipolar depression howev-
er are inconsistent. Most studies have suggested that serotonin transporter
binding activity is decreased in bipolar depression, while others have reported
that serotonin transporter binding activity is increased. The inconsistency may
result from small sample sizes, differing ligands, confounding medications,
and differing reference tissues, among other reasons.

Serotonin reuptake appears to be dysregulated in bipolar depression quite
similar to which is seen in unipolar depression [71]. Many studies suggest that
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Figure 3. Lower radiolabeled trans-1,2,3,5,6,10-hexahydro-6-[4-(methylthio)-phenyl]pyrrolo-[2,1-a]-
isoquinoline ([11C](+)-McNeil 5652) binding potential (BP1) to the serotonin transporter (5-HTT) in
nonmedicated patients with bipolar disorder in six regions of interest compared with controls
(F1,58 = 5.41; P = .02). ACC indicates anterior cingulate cortex; AMY, amygdala; HIP, hippocampus;
MID, midbrain; PUT, putamen; and THA, thalamus. Vertical bars represent the mean likelihood
approach to the graphical method modeled BP1 (VT[region] – VT[cerebellum]) for each region; error
bars, ±1 SD [63].



BDNF regulates the development and function of serotoninergic neurons
[72–75]. Recent studies have also shown that administration of selective sero-
tonin reuptake inhibitor antidepressants increase gene expression of BDNF
[76–80]. As described above, decreased BDNF levels have also been shown in
bipolar disorder. Since both serotoninergic system and BDNF play an impor-
tant role in brain development via regulation of neurite outgrowth, synaptoge-
nesis, and cell survival, dysregulation in serotoninergic system and BDNF
imply impaired neuroplasticity in bipolar depression, resulting in the cell loss
and damage found in brain imaging and post mortem brain studies.

Abnormal energy metabolism and dysfunctional mitochondria

While the factors that cause or promote cell loss and change in brain of
patients with bipolar disorder, ultimately leading to altered neurotransmission,
remain to be fully established, altered energy metabolism resulting in oxida-
tive stress may be one important contributing factor. Mitochondria are
enriched in both dendrites and synaptic terminals, and play important roles in
neuroplasticity and cell viability via energy production. Therefore, abnormal
regulation of serotonin system in bipolar depression may result from impaired
neuroplasticity induced by abnormal energy metabolism and dysfunctional
mitochondria.

Metabolic pathways for energy production in humans include glycolysis,
the citric acid cycle and the electron transport chain. The primary source for
energy production in the brain is glucose. During the glycolysis process, one
molecule of glucose is converted into two molecules of pyruvate that are then
used for making more molecules of ATP in the citric acid cycle and in the elec-
tron transport chain in mitochondria [81, 82]. A number of studies have indi-
cated presence of impaired energy metabolism in bipolar depression. Baxter et
al. [83] using positron emission tomography and fluorodeoxyglucose F18 in a
small group of subjects (11 with unipolar depression, 5 with bipolar depres-
sion, 5 with mania, 3 with bipolar mixed states and 9 normal controls) found
that subjects with bipolar depression have significant lower cerebral metabol-
ic rates for glucose when compared with other groups. The ranking for glucose
metabolic rates in the whole brain from low to high are bipolar depression,
unipolar depression or a mixed state, manic state respectively. Later this
research group [84] also analyzed cerebral glucose metabolism in a larger
group of subjects with depression that included bipolar depression, unipolar
depression and obsessive-compulsive disorder with secondary depression.
They found that the glucose metabolic rate was significantly lower in subjects
with bipolar depression and unipolar depression than in controls in the left dor-
sal anterolateral prefrontal cortex. The depressive subjects with medication
showed increased glucose metabolic rates in this brain region, and the per-
centage of change was correlated with the Hamilton Rating Scale for
Depression score. The rate of glucose metabolism was also found to be
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decreased in the prefrontal cortex of subjects with familial bipolar depression
and familial unipolar depression, but increased in subjects with mania [11].
However, it has been also reported that the rate of glucose metabolism was
higher in subjects with either unipolar depression or bipolar depression than in
healthy controls in the left amygdale [85]. These studies suggested that change
of glucose metabolism represents changes in mood state, has brain regional
difference and contributes a significant role in mood disorders. Glucose meta-
bolic process in brain may also be targeted by pharmacological treatment.

Efficient cerebral blood flow is required to meet the brain’s metabolic
demands. Studies have shown lower cerebral blood flow in subjects with bipo-
lar depression. Ito et al. [86] using 99mTc-hexamethylpropyleneamineoxime as
a cerebral blood flow tracer for single photon emission computed tomography
scan in 11 patients with unipolar depression, 6 patients with bipolar depression
and 9 age-matched normal control subjects. They found that cerebral blood
flow was significantly decreased in the prefrontal cortices, limbic systems and
paralimbic areas of subjects with unipolar depression and bipolar depression,
and there was no difference observed between these two types of depression.
Using positron emission tomographic images, Drevets et al. [11] also found
that cerebral blood flow was decreased in the prefrontal cortex of subjects with
unipolar depression and bipolar depression. Rubin et al. [87] analyzed young
adults in episodes of either acute mania or major depression. They found that
cerebral blood flow was significantly lower in subjects with mania and depres-
sion than in controls in anterior cortical areas. In contrast to these studies,
Tutus et al. [88] found that cerebral blood flow was decreased only in the left
frontal lobe of subjects with unipolar depression but not bipolar depression
when compared to subjects with and controls. Recently, Krüger et al. [89]
found that cerebral blood flow was decreased in the orbitofrontal and inferior
temporal cortices but increased in the dorsal/rostral anterior cingulate and
anterior insula after induction of transient sadness in euthymic lithium respon-
der bipolar patients and their healthy siblings. These findings suggest that
energy metabolism is decreased in depressive mood states, but clear under-
standing of cerebral blood flow in bipolar depression requires further investi-
gation.

Phosphorus-31 magnetic resonance spectroscopy allows detecting high-
energy phosphates and the intracellular pH [90, 91]. Using this technology,
Kato et al. [92, 93] found that subjects with bipolar disorder have shown
increased phosphomonoester and intracellular pH in brain in the depressive
mood state when compared with the euthymic state, while those values in the
euthymic state were significantly lower as compared to age-matched normal
controls. Increased phosphomonoester has also been found in the frontal lobe
of subjects with unipolar depression when compared to age-matched controls.
Phosphomonoester levels are correlated negatively with the degree of depres-
sion [94]. These studies suggest that disturbed phospholipid and intracellular
high-energy phosphate metabolism may be common between bipolar depres-
sion and unipolar depression. Phosphocreatine is a high-energy compound

86 J.-F. Wang and L.T. Young



made from creatine and ATP. It has been found that phosphocreatine in brain
was significantly decreased in subjects with Bipolar II in all hypomanic,
euthymic and depressive states when compared to controls. Phosphocreatine
was significantly lower in subjects with severe depression than subjects with
mild depression [92, 95]. Further, the phosphocreatine levels were significant-
ly lower in the left frontal lobe of subjects with bipolar depression than the
normal controls, while phosphocreatine levels were lower in the right frontal
lobe of the subjects in the manic and the euthymic states than controls.
Phosphocreatine levels in subjects with bipolar depression were negatively
correlated with the Hamilton Rating Scale for Depression score [96].
Decreased ATP values have also been found in the frontal lobe of subjects with
unipolar depression [94]. It is interesting that creatine levels were significant-
ly lower in the right frontal lobe of the female subjects with bipolar disorder
than male subjects [97]. These results suggest that bipolar depression and
unipolar depression are associated with abnormal metabolisms of high energy
phosphate. Abnormal energy metabolism in brain may be closely related to
mood state of mood disorders and is also gender dependent. Frye et al. [98]
used proton magnetic resonance spectroscopy to scan the anterior cingu-
late/medial prefrontal cortex and found that levels of glutamate + glutamine,
glutamate and creatine + phosphocreatine were significantly higher in subjects
with bipolar depression than healthy controls. Dager et al. [99], using two-
dimensional proton echo-planar spectroscopic imaging, analyzed 32 medica-
tion-free outpatients with bipolar disorder predominantly in a depressed or
mixed-mood state, and found that subjects with bipolar disorder have shown
increased lactate levels and increased levels of total glutamate, glutamine and
gamma-aminobutyric acid in gray matter (Tab. 1). Abnormal metabolism of
high-energy phosphates and increased gray matter lactate suggest that bipolar
disorder may be associated with mitochondrial dysfunction that induces an
energy production shift from more efficient oxidative phosphorylation in mito-
chondrial electron transport chain to less efficient anaerobic glycolysis.

Mitochondrial energy production is produced via the process of oxidative
phosphorylation coupled to the electron transport chain complex I–V (com-
plex I, NADH coenxyme Q reductase; complex II, succinate dehydrogenase;
complex III, coenzyme Q cytochrome c reductase; complex IV, cytochrome c
oxidase; and complex V, ATP synthase). Studies indicate increased deletion
and mutation in genes coding for complex I subunits in subjects with bipolar
[100–102]. Recent DNA microarray analysis in post mortem frontal cortex and
hippocampus revealed that expression of many mRNAs, coding for subunits of
complex I–V, is decreased in subjects with bipolar disorder [103, 104]. Recent
genotyping studies also suggest that polymorphisms of complex I subunit
NDUFV2 are associated with bipolar disorder [105, 106]. Complex I is one of
the main sites where electrons are leaked to oxygen, resulting in ROS produc-
tion [107]. Abnormal function of ETC complex I in BD suggests ROS over-
production that may induce oxidative stress in this disease. We recently found
that oxidative damage to lipids is increased in post mortem cingulate cortex of
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BD subjects [108]. Increased oxidative damage to lipids has also been found in
blood samples of BD patients [109, 110]. Additionally, Benes et al. [111]
reported that expression of antioxidant enzyme GST A4 and M3 subtypes are
reduced in post mortem hippocampus from BD subjects. These findings sug-
gest that impairment of energy production and mitochondrial dysfunction in
bipolar disorder may induce oxidative stress.

Summary

Converging lines of study suggest cell loss and damage in key brain regions
which may lead to decreased volume of prefrontal and limbic brain regions of
subjects with bipolar disorder. Persistent changes in these brain regions may
cause disturbance in the function of neuronal circuitry involved in mood regu-
lation, subsequently resulting in impairment of neuroplasticity. These changes
may have consequences for monoaminergic neurotransmitters including sero-
tonin, a key intermediary in major depression and a target of antidepressant
drugs. Many studies of bipolar depression have shown a decrease in the main
metabolite of serotonin 5-HIAA in cerebrospinal fluid and a decrease in sero-
tonin transporter binding activity in brain and platelets.

Mitochondria are enriched in the neuronal terminals and dendrites that form
synaptic connections, and its major role is generation of ATP. Mitochondria are
important in regulating synthesis, release, uptake and other functions of neu-
rotransmitters, including serotonin, via energy production. Recent evidence
has shown decrease of glucose, cerebral blood flow and energy metabolism in
bipolar depression, indicating deficiency of energy production in this disease.
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Table 1 Brain chemical concentrations by tissue type* [99]

Cho Cre NAA mI Glx Lactate

Gray matter chemical concentration, mM

Bipolar 2.52 (0.66) 9.41 (0.74) 10.60 (1.26) 4.59 (0.98) 17.80 (2.51)† 0.97 (0.24)†

Control 2.30 (0.26) 9.11 (0.73) 10.18 (0.43) 4.36 (0.50) 16.18 (1.85) 0.81 (0.16)

White matter chemical concentration, mM

Bipolar 2.59 (0.35) 7.98 (0.84) 9.76 (0.89) 4.50 (0.62) 15.69 (2.60) 0.97 (0.25)

Control 2.49 (0.28) 7.58 (0.63) 9.77 (0.44) 4.25 (0.75) 14.51 (1.99) 0.91 (0.23)

White-gray matter chemical regression slope

Bipolar –0.10 (1.67) 2.26 (1.07) 1.31 (2.53) –0.08 (1.45) 2.89 (2.79) –0.21 (0.60)

Control –0.39 (0.52) 2.13 (1.13) 0.35 (0.87) –0.14 (1.03) 2.24 (2.46) –0.35 (0.52)

Abbreviations: Cho, choline-containing compounds; Cre, creatine and phosphocreatine; Glx, gluta-
mate, glutamine, and γ-aminobutyric acid; mI, myo-inositol; NAA, N-acetyl aspartate
* Values are given as mean (SD)
† P < .01 vs control



Studies also suggest defects of mitochondrial electron transport chain com-
plexes and oxidative damage in bipolar disorder. Mitochondrial electron trans-
port chain is not only a highly efficient way to store energy, but it is also the
major resource for generating reactive oxygen species. Therefore mitochon-
drial dysfunction in bipolar disorder not only reduces energy production, but
also causes overproduction of the reactive oxygen species that induce oxida-
tive damage, resulting in impairment of neuroplasticity in specific brain
regions related to mood regulation.

The neurobiology of bipolar disorder continues to be unraveled which will
help us further understand the multidimensional nature of the illness and the
predisposition to both manic and depressive symptoms. It is hard to draw con-
clusions about the neurobiology of bipolar depression, but in this chapter we
have outlined several potential processes which may be relevant to understand-
ing the basis of this phase and illness. Given the limited success of treatment for
all phases of bipolar disorder, it seems very likely that further elucidation of the
neurobiological mechanisms underlying bipolar depression holds great promise
for the development of safe and more effective treatment for this disease.
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Non-pharmacological treatments and chronobio-
logical aspects of bipolar disorder: implications for
novel therapeutics
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Abstract

This chapter reviews prominent neurobiological effects of chronotherapies for the treatment
of mood disorders and integrates previously described therapeutic mechanisms with current
advances regarding molecular signaling pathways and neuroplasticity. Scientific discoveries
associated with circadian rhythms, disrupted sleep-wake patterns, and mood cycling, have
establish preliminary links between circadian clock genes and mood. Importantly, the recent
description of lithium’s effects on the molecular signaling pathways of the circadian system
has advanced our understanding of the intracellular molecular bases of lithium’s mood sta-
bilizing properties. Specifically discussed are the convergent intracellular pathways of
monoaminergic drug therapies and chronotherapies (sleep deprivation (SD), light treatment
(LT), and sleep phase advance (SPA)), and the advantage of understanding their common
pathways for developing novel therapeutic treatments.

Introduction

Bipolar disorder (BPD) is characterized by episodic mood cycles and disrupt-
ed circadian patterns of mood, sleep, and behavior. These mood cycles occu-
py time domains with well known (e.g., circadian, menstrual, seasonal cycles),
and unknown (e.g., manic-depressive cycles) biological foundations. The fact
that many of the patterns parallel biological cycles with known physiological
and molecular underpinnings suggests that pathological elements of these
cycles might be identified and targeted by novel treatments. Scientific break-
throughs associated with circadian rhythms, disrupted sleep-wake patterns,
and mood cycling, have established preliminary links between circadian clock
genes and mood. Gene linkage studies indicate that links between clock genes,
gene products, and BPD are complex, but nevertheless provide clues of etiol-
ogy and novel treatments. The recent description of lithium’s effects on the
molecular signaling pathways of the circadian system has helped to understand
the molecular bases of lithium’s mood stabilizing properties. With the contin-
uing discovery of key genetic and molecular elements of the circadian clock,
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our knowledge of the mechanisms of established non-pharmacological and
drug-based therapies will certainly increase, as will the development of new
treatments.

This chapter reviews the prominent neurobiological effects of mood disor-
der chronotherapies (CTs) and integrates previously described therapeutic
mechanisms with current advances regarding molecular signaling pathways
and neuroplasticity. The development and utility of non-pharmacological CTs
in mood disorders/BPD are well-grounded in principles of circadian biology.
There are several arguments for exploiting the findings of CT research to
advance novel drug development:

1. Disordered sleep is a major symptom of depressive illness, and clock genes
of risk associated with sleep-disorder related phenotypes are continually
being identified. These clock genes and signaling pathways may contribute
to the etiology of the illness and are potential targets of novel treatments.

2. The convergent pathways of effective a) mood stabilizing and monoamine
drug treatments, and b) CTs on clock gene and intracellular signaling path-
ways are potential targets of novel treatments.

3. Rapid onset of remission is a beneficial feature of sleep deprivation (SD),
sleep phase-advance (SPA), and light therapy (LT; Fig. 1). Because CTs
involve the manipulation of sleep and the circadian system, the rapid onset
mechanism(s) are likely to include clock gene signaling pathways, as well
as other intracellular signaling pathways that are activated by neurotrans-
mitters and hormones.

Mood, the sleep homeostat, and the clock

Over 30 years ago, a handful of CT interventions were introduced to both treat
depression and explore the temporal relationships between mood changes,
sleep, and the circadian clock. The treatment effects of these drug-free inter-
ventions (total SD, SPA, and LT) were based largely on functional properties of
the circadian pacemaker [1] and the quantitative two process model of sleep
regulation [2]. An exceptional feature of these interventions was their now well-
known accelerated treatment response relative to traditional chronic drug-based
treatments. Their clinical antidepressant effects per se were the major focus of
CTs, and while some studies explored mechanisms linked to neurotransmitter
effects or to light-suppression of melatonin, the central focus was on CT effects
on formal properties of the sleep homeostat (SD, partial SD), the circadian
clock (LT), or the interaction between the homeostat and the clock (SPA, LT).

The neurobiological effects of many CTs are now more fully described than
when first applied, yet their antidepressant mechanism(s) are still unclear. A
new focal point of research is the antidepressant and mood stabilizing roles of
intracellular signaling pathways and clock gene signaling pathways for devel-
oping new treatments for mood disorders. Recent theoretical advances, such as

96 W.C. Duncan



the synaptic homeostasis hypothesis, are extending our understanding of SD’s
effect on mood to the molecular basis of neural plasticity. Similar to the advan-
tage gained by considering the effects of antidepressant and mood stabilizing
drugs downstream from their known extracellular effects, consideration of the
neurobiological effects of CTs on clock gene signaling pathways and neural
plasticity changes induced by SD may facilitate identification of novel treat-
ments for mood disorders.

The sleep homeostat, synaptic potentiation, and downscaling

The synaptic homeostasis hypothesis [3], a conceptual and molecular advance
of the quantitative two-process model of sleep regulation [2], proposes that
synaptic potentiation and synaptic downscaling occur during wakefulness and
sleep respectively, and suggests a molecular basis for the rapid antidepressant
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Figure 1 Chronotherapeutic methods used in the treatment of mood disorders are schematically
depicted relative to their rate of therapeutic response latency, and to their duration of clinical response.
Optimal treatments occupy the upper left quadrant; least desirable treatments occupy the lower right
quadrant. A beneficial aspect of SD is the rapid onset of clinical response; the weakness is the brevi-
ty of the clinical response. The clinical response to SD may be lengthened by the use of partial SD or
with maintenance AD or LT. Optimal treatment outcomes of novel therapeutics would be rapid onset
and prolonged response duration. (Abbreviations: AD, antidepressants; SD, sleep deprivation; PA,
phase-advance of the sleep-wake cycle; LT, light therapy).



effects of SD. Specifically, during the circadian cycle, synaptic potentiation
during the waking phase is associated with an increase of norepinephrine as
well as norepinephrine-dependent trophic factors [4] such as brain-derived
neurotrophic factor (BDNF) and P-CREB. These substances are associated
with increased synaptic strength, long-term potentiation (LTP), and slow wave
homeostasis. The increase in synaptic potentiation during the waking phase
contributes to elevated slow-wave activity (SWA) at the beginning of the sleep
cycle, as predicted by the two-process model of sleep. The synaptic home-
ostasis hypothesis also suggests that local reductions in slow wave homeosta-
sis during wakefulness reflect insufficient synaptic strength that may underlie
the decreased SWA often observed in mood disorders.

In contrast to waking and synaptic potentiation, sleep is associated with
synaptic downscaling. Sleep may be viewed as a behavioral cost associated
with benefits of waking-associated synaptic plasticity; food intake and senso-
ry input are decreased while cellular changes associated with prior wakeful-
ness are tuned by downscaling. During SD experiments in animals (extended
wakefulness), synaptic potentiation is extended (and downscaling is delayed).
Prolonged wakefulness is associated with increased BDNF; recovery sleep has
elevated SWA (for review see [3–5]). In humans, BDNF and SWA may be use-
ful biomarkers of synaptic potentiation reflecting the capacity for brain plas-
ticity. Similar to the association between increased SWA and a positive clini-
cal response to SD, the neurotrophin BDNF might also be a useful biomarker
of therapeutic response. Further, at a behavioral level, learning, a correlate of
increased synaptic plasticity, is associated with increased SWA in EEG during
subsequent sleep [6]. The synaptic homeostasis hypothesis considers at a
molecular level the clinical effects of SD (see SD, SWA, and Neuroplasticity).

The molecular components of the circadian clock

The molecular circadian clock consists of genes and gene products whose tran-
scription/translational feedback loops form the basis of circadian oscillations
within and outside of the suprachiasmatic nucleus (SCN). At least three inter-
acting loops have been identified, each with activating and repressor compo-
nents (Fig. 2). In each of the three loops, the CLOCK/BMAL complex on the
one hand, and PER and CRY proteins on the other hand, constitute activating
and repressor components, respectively. E-box enhancers in the promoter
regions of clock genes also function as important regulators of transcription of
both clock genes and clock-controlled genes (CCGs, Fig. 2).

In the primary feedback loop (Fig. 2, top) CLOCK/BMAL1 initiates
nuclear transcription of target clock genes (PER, CRY), and after phosphory-
lation by glycogen kinase 3β (GSK3β) in the cytoplasm, the translational
products CRY and PER enter the nucleus and inhibit transcription by acting on
the CLOCK/BMAL1 complex. This negative feedback limb is a recurrent fea-
ture in the two additional interconnected pathways.
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Figure 2 Transcription and translational feedback loops comprise the mammalian circadian clock.
Three interacting regulatory loops are depicted, as well as a clock controlled gene output pathway,
below. The main loop (top) consists of a CLOCK and BMAL1 heterodimer that initiates transcription
of E-box sequences including Period1-3 and Cryptochrome 1-2. Nuclear translocation of phosphory-
lated PER and CRY provide negative feedback (•–) that inhibits the CLOCK:BMAL1 heterodimer
E-box enhanced transcription of Per1/3 and Cry1/2, in each of the loops. A second regulatory loop
(middle) is also initiated by the CLOCK:BMAL1 heterodimer that enhances the transcription of the
retinoic acid-related orphan nuclear receptors Rev-erbα and Rorα. REV-ERB and ROR repress and
activate, respectively, the transcription of Bmal1 by competing to bind retinoic acid-related orphan
receptor response elements (RRE) to the Bmal1 promoter. Transcription of clock controlled genes
CCG (bottom) is also initiated by CLOCK:BMAL1 heterodimer and inhibited by PER/CRY.
Vasopressin (VP) and prolactin (PRN) are CCGs; TH, GLr, NEt, Dor, and D1r are putative CCGs (see
abbreviations below). Lithium affects circadian clock gene and Wnt signaling pathways by inhibiting
GSK3β thus decreasing PER phosporylation and delaying the circadian cycle. Lithium also acts to
enhance degradation of REV-ERB, shrinking the pool of phosphorylated protein for nuclear entry and
disinhibition of Bmal1. Lithium inhibition increases β-catenin and Tcf/Lcf1, thus stimulating axono-
genesis and reducing apoptosis. Other mood stabilizers (lamotrigine and VPA) indirectly inhibit
GSK3β (Abbreviations: TH, tyrosine hydroxylase; GLr, metabotropic glutamate receptor; NEt, nor-
epinephrine transporter; DOr, delta opioid receptor; D1r, dopamine 1 receptor).



In the second feedback loop (Fig. 2, middle), characterized by the retinoic
acid-related orphan nuclear receptors, Rorα and Rev-erbα, clock gene tran-
scription is affected by positive and negative feedback of RORα and REV-
ERBα, respectively, on orphan receptor response elements (RRE) in the
Bmal1 promoter region. As shown (and discussed later), GSK3β (and lithium)
act to control feedback of REV-ERBα on the Bmal1 promoter region. In a
third regulated pathway (Fig. 2, bottom), clock genes (CLOCK, BMAL1)
affect the transcription of clock-controlled genes (CCGs, e.g., vasopressin and
prolactin). Some psychoactive and mood stabilizing drugs besides lithium
(valproate (VPA), lamotrigine, selective serotonin reuptake inhibitors (SSRIs),
antipsychotic drugs, etc.) as well as the neurobiological effects of non-phar-
macological treatments (SD, LT), affect different clock control points (e.g.,
GSK3β, REV-ERBα, and E-box enhancer elements), and these treatments
potentially affect clock gene transcription.

Circadian clock genes, bipolar depression, and sleep disorders

The presence of mood cycles in BPD, often with diurnal variation in mood, a
clinical symptom associated with a positive clinical response to different anti-
depressant treatments, suggests linkage of treatment potential with circadian
and infradian biological clocks. Numerous genetic linkage studies suggest an
association between the circadian clock genes Clock, Bmal1, Per3, Timeless,
and GSK3β, with various features of BPD (Tab. 1). Further, the clock genes
Npas2, Bmal1, Per2 and the gene for the circadian photoreceptor OPN4, are
linked with Seasonal Affective Disorder (SAD); the circadian clock gene,
Clock, is associated with Major Depressive Disorder (MDD), Delayed Sleep
Phase Syndrome (DSPS), and morning/evening preference (Tab. 2). Regarding
BPD, the fact that numerous interacting circadian clock genes of risk have
been associated with the illness is consistent with its complex genetics, a pat-
tern common to many psychiatric and sleep disorders. A notable exception is
a form of Familial Advanced Sleep Phase Syndrome (FASPS) associated with
a single clock gene Per2, and a CKIε/δ phosphorylation site; in other forms of
FASPS multiple genes may be involved. Overall, numerous polymorphisms of
many circadian clock genes are linked to both phenotypic features of BPD and
to specific sleep disorders. An important relationship between clock and mood
dysfunction is indicated by co-morbidity between FASPS and DSPS, and
depression and anxiety [7–9] as well as the identification of insomnia as a risk
factor for depression [10].

Another link between clock gene dysfunction and CT efficacy is indicated
by the association of some clock gene and clock gene-related polymorphisms,
with CTs and clinical symptoms (SD response: GSK3β; light treatment
response: OPN4 and 5HTTLPR; diurnality: Clock/Npas2 (Tabs 1 and 2)).
Phenotypes, such as diurnal mood variation and mood variability per se, the
SD response, and the level and pattern of SWA, are predictors of subsequent
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Table 1 Circadian genes and mood disorders

Gene Polymorphism Genotype Diagnosis Effect Reference

Npas2 targeted SNPs 471 Leu/Ser SAD Diurnal preference [30, 86]

OPN4 SNP P10L T/T SAD Increased association [87]

Per2, Arntl, SNP interaction SAD Increased risk [88]
Npas2

Clock SNP 3111 T/C BPD Recurrence rate [14]

Clock SNP 3111 T/C BPD Increased insomnia [89, 90]

Clock SNP 3111 T/C BPD Decreased sleep need [89]

Clock SNP 3117 G/T MDD Cyclical insomnia [91]
3125 A/G (2 cases)

Clock SNP 3111 T/C MDD Weak association [92]

Bmal1 (Arntl) targeted SNPs BPD Increased association [93, 94]

Per3 targeted SNPs BPD Increased association [94]

Timeless SNP BPD Increased association [93]

Gsk3β SNP –50 T/C BPD Later age of onset [90, 95]

Gsk3β SNP –50 T/C BPD Increased SD and [18, 95]
lithium responses

Gsk3β SNP –50 T/C BPII Increased incidence [96]
in females

Per2 SNP 662 S/G BPD No association [97]
CKIδ/ε
binding site

Cry1 SNP BPD No association [98]

Table 2 Circadian genes and sleep disorders

Gene Polymorphism/ Genotype Effect Ref

Per2 SNP 662 S/G FASPS [99]
CKIε binding 
site

CKIδ Missense T44A FASPS [9]
mutation

Clock SNP 3111 T/C DSPS [89]

Per3 Structural DSPS [100, 101]
polymorphisms

Clock flanking 3111 T/T Morning preference [102, 103]

polymorphism 3111 T/T Evening preference [102, 103]

Clock 3111C/C Delayed sleep, increased daytime [103]
sleepiness

Clock SNP 3111 T/C no diurnal preference [104]



clinical response to CTs as well as to antidepressant drugs. Polymorphisms of
clock genes and related polymorphisms on clock gene signaling pathways that
affect clock protein transport/degradation [11, 12] – such as serotonin signal-
ing effects on clock timing by the serotonin transporter gene [13] and GSK3β
(Tab. 1) – have also been linked to clinical response to SD [14]. Some clock
gene mutations such as Per2Brdm1 affect glutamate transmission by altering the
glutamate transporter. Mice with this mutation show enhanced alcohol con-
sumption that is blocked by acamprosate, a drug that reduces elevated gluta-
mate levels [15]. The notion of a human Per mutation affecting a therapeutic
clinical response to glutamatergic drugs is an intriguing possibility. Because
different clock polymorphisms have been linked to different patient popula-
tions and treatment outcomes (Tabs 1 and 2), new treatment possibilities may
be identified by examining these features in mood disorder patients. These
clock-signaling related polymorphisms suggest that screening for clock gene
mutations may optimize patient-specific treatments.

A brief overview of chronotherapy

Broadly defined, CT is a non-pharmacological manipulation of the biological
timekeeping system that induces a clinical response. A common feature of
CTs are their capacity to alter the temporal pattern of the internal circadian
system. SD and partial SD produce a dramatic and rapid clinical antidepres-
sant response [16, 17] by maintaining wakefulness at a circadian phase when
sleep normally occurs. The molecular basis for the mood change may be asso-
ciated with SD effects on neurotransmitters and trophic factors, such as the
noradrenaline-mediated increase in synaptic potentiation and BDNF. Phase-
advance of sleep (SPA) may correct a depressogenic, delayed sleep-wake
cycle by advancing the hours of sleep by 6 h relative to body temperature, cor-
tisol levels, and MHPG rhythms. Light therapy and dark therapy (LT, DT)
employ a change in light intensity to either a) extend the duration/timing of
biological day (bright LT) and improve mood, or b) to extend the
duration/timing of biological night and bed-rest (DT) in order to reduce the
frequency of mood swings. The neurobiological effects of SD, LT, and DT are
described later (Chronotherapeutics: extracellular monoamine and neurobio-
logical effects).

With regard to CT interventions themselves, rapid remission (often within
hours), and the brief duration of treatment response (Fig. 1) are important fea-
tures to explore. Among CTs, SD produces the most rapid antidepressant onset
(hours) and the most rapid relapse (<24 h); SPA has a response onset of 2–3
days; LT has a later antidepressant onset (3–4 days). Regarding the rapid
relapse after SD, the response is consistent with withdrawal of treatment, since
remission can be maintained for a limited time using repeated partial SDs. The
different temporal profiles of these responses point to different, possibly over-
lapping mechanisms. Because the CT clinical response can be extended with
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antidepressant and mood stabilizing drugs, or with combined CTs (e.g.,
SD + LT), some CT and drug treatment mechanisms appear synergistic (for
review see [13, 18, 19]). Clarifying the molecular signaling pathways under-
lying the positive mood response would greatly expand the range of putative
drug targets drugs.

Bipolar, unipolar, schizoaffective, endogenous, and reactive depression [20]
as well as secondary depression associated with postpartum [21], pregnancy,
and Pervasive Developmental Disorder (PDD) [22] generally respond favor-
ably to SD. In general however, BPD patients may have the most predictable
response to SD. In a comparison of unipolar (UP) and BPD populations, 80%
of BPD patients could be identified based on SD response [23]. Another pre-
dictor of positive treatment response is an abnormal response to the dexam-
ethasone suppression test. The abnormal hypothalamic-pituitary-adrenal
(HPA) axis response might be associated with hyperarousal and deficient SWA
levels; corticotrophin releasing hormone antagonists reverse this effect [24]
and also increase SWA.

While the functional importance of these associations has not clearly been
established, there are promising leads (see sections on Clock and Per2 and
effects on dopamine and glutamate transmission). Pathological elements of
circadian biology contribute to mood disorders, and these elements might be
effectively modulated by novel interventions. Thus, the fact that some clock
polymorphisms affect neurotransmitter levels, and these effects may in turn
affect the sleep-wake process, underscores the complexity between clock gene
signaling pathways and mood-altering processes such as synaptic potentiation
and neural plasticity.

Chronotherapeutics: extracellular monoamine and neurobiological
effects

Monoamines

The neural and monoaminergic treatment effects of SD and LT have been
extensively detailed. Monoamine (norepinephrine, serotonin, and dopamine)
function is clearly affected by CTs. CTs and antidepressant drug treatments
have many common effects on neurotransmitters. However, despite many
common effects, a notable distinction is the faster onset of clinical remission
of CTs versus monoamine therapies, suggesting that their antidepressant
mechanism(s) are quite different. This topic is discussed in detail later (see
Signaling pathways common to CTs and psychoactive drugs). Serotonin and
norepinephrine have been implicated in SD response and their circadian pat-
terns might contribute to SD’s antidepressant effect. Circadian rhythms of
serotonin [25] and norepinephrine [26, 27] are high during waking, low during
sleep, modulated by the light dark cycle, and linked with specific behaviors
and sleep states. During SD, serotonin firing in dorsal raphe increases [28],
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serotonin turnover increases [29], and the sensitivity of 5HT1A inhibitory
autoreceptors decreases [30]. The antidepressant response to SD is augmented
by blockade of the 5HT1A autoreceptor with pindolol [31]. SD also increases
norepinephrine, tyrosine hydroxylase levels, and norepinephrine transporter
mRNA in locus coeruleus [32, 33], and increases urinary catecholamine excre-
tion in patients [34]. A positive response to SD is also linked to increased
dopaminergic activity [35], decreased prolactin levels [36] (consistent with
increased dopamine response), and in responders, increased dopamine release
[37] and eyeblink response [38]. In addition to SD effects on monoamines, SD
elevates levels of the neuromodulator adenosine in the forebrain, and is asso-
ciated with cognitive deficits that are countered with adenosine antagonists
such as caffeine. The effects of these substances on mood response are dis-
cussed in the next section (Convergent pathways of antidepressant treatments
and chronotherapeutics).

In addition to CT effects on neurotransmitters, several brain regions are
associated with CT response. The most extensive description of CT effects has
been explored with SD. Brain localization of SD response using several imag-
ing techniques [19, 39–42] (PET, HMPAO-SPECT, fMRI), implicates the
anterior ventral anterior cingulate cortex with positive clinical response; base-
line high metabolic rates are decreased by SD, a finding that is regionally con-
sistent with brain regions implicated in emotion and cognition, with a positive
drug treatment response [43], and with adenosine’s biological effects on
metabolism.

Similar to SD, LT alters serotonin signaling. LT increases serotonin levels
in brain [44], normalizes serotonergic drug-challenge growth hormone
responses to sumatriptan [45], as well as the cortisol and prolactin response to
m-chlorophenylpiperazine [46]. Depletion of serotonin (or catecholamines)
with amino-acid free diets decreases the antidepressant effects of LT [47]. The
mood altering properties of LT may be associated with GSK3β since a) sero-
tonin affects GSK3β, and b) GSK3β has both antidepressant and mood stabi-
lizing properties (Fig. 2).

In addition to LT effects on serotonin, light per se (especially during dawn
and dusk) initiates a glutamatergic-mediated hypothalamic signaling cascade
that includes activation of a cAMP second messenger pathway and ends with
CREB phosphorylation, Per transcription [48], and reset of the central clock
and activity-rest cycle to the new light schedule. Such input to clock signaling
pathways might be implicated in mood response (see Chronotherapeutic
inputs to clock gene signaling pathways).

With regard to the effect of DT, extension of biological night is predicted to
have opposite effects from those of LT described above. In brief, DT would
decrease light-mediated serotonin, p-CREB, and Per transcription, as well as
reset the prior light synchronized timing of the clock.
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Serotonergic modulated light signaling

The relationship between serotonin, clock gene phosphorylation, light
response and circadian entrainment is well described in Drosophila, where
serotonin affects a molecular connection between serotonin signaling and the
central clock component TIM, such that increased signaling by the serotonin
receptor d5HT1B decreases SGG (a Drosophila GSK3β ortholog) activity (via
phosphorylation). Phosphorylation of the SGG target protein TIM is reduced,
and Drosophila photosensitivity is consequently reduced [12]. In mammals,
considerable evidence indicates that serotonin [49], as well as antidepressants
with serotonergic properties [12, 50, 51] also decrease light response albeit by
a different serotonin mechanism.

Convergent pathways of antidepressant drug treatments and
chronotherapeutics: gateways of drug discovery

Impaired cellular resilience and neural plasticity are important elements in the
pathophysiology of mood disorders [52–56]. The impairments likely con-
tribute to dysregulation of basic central neural circuits implicated in mood dis-
orders, and are targets of therapeutic agents that normalize the deficits [57].
The major factors that contribute to impaired resilience and plasticity are a)
stress and subsequent activation of the HPA axis [58], b) enhanced glutamate
transmission and activation of NMDA and non-NMDA ionotropic receptors
[59], particularly in hippocampal CA3 pyramidal neurons, and c) neu-
rotrophins (NGF, BDNF, NT3, NT4/5, NT6) and several Trk receptors. The
Trk receptor subtypes together offset the effects of severe stress [60] by mod-
ulating neurotransmission, synaptic plasticity, and cell survival, by activating
mitogen-activated protein (MAP) and phophotidylinositol-3-kinase signaling
pathways [61] and increasing levels of the antiapoptotic protein Bcl-2.

Signaling pathways common to chronotherapeutics and psychoactive drugs

While many antidepressant and mood stabilizing drugs were once thought to
affect extracellular neurotransmitter systems, the fact that some effective
agents (e.g., lithium, VPA) lack such extracellular effects prompted a new per-
spective on intracellular mechanisms. Current research suggests that relevant
therapeutic mechanisms of antidepressant drugs and mood stabilizers include
overlapping intracellular signaling cascades. Antidepressant drugs (SSRIs,
monoamine oxidase inhibitors (MAOIs), etc.) increase extracellular levels of
serotonin and norepinephrine, stimulate G-protein coupled receptors, and
upregulate cAMP response element binding protein (CREB), thus increasing
BDNF, Trk, and Bcl-2 [52, 62, 63], particularly in limbic regions. The mood
stabilizer lithium acts via the Wnt signaling pathway to directly inhibit
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GSK3β, thus allowing β-catenin to accumulate and reducing apoptosis by acti-
vation of the Tcf Lef1 promoter (Fig. 2). The mood stabilizers VPA and lam-
otrigine also act via GSK3β to prevent apoptosis but by different mechanisms.
While mood stabilizers and antidepressant drugs have different therapeutic
endpoints, they both seem to affect GSK3β, either by inhibition (mood stabi-
lizers) or by inhibition and activation (antidepressants) [64].

Like traditional antidepressant drug therapies, CTs also have acute and
chronic effects on central levels of monoamines. Similar to some drug treat-
ments, their effects likely extend to intracellular molecular signaling pathways
as well as to clock gene signaling. The mechanism of the faster onset of clin-
ical remission of CTs compared with antidepressant drug treatment is unclear.
One possibility is that the rapid onset may involve temporal differences in
BDNF release versus BDNF gene expression (see [65] for review). A second
possibility is that CT-associated rapid remission involves the activation of mul-
tiple neurotransmitter systems (norepinephrine, dopamine, and serotonin) and
their intracellular molecular cascades. A third possibility, in addition to the
effects of SD on increasing levels of BDNF and CREB [3, 5], is that both LT
and SD may affect clock gene signaling by their signaling effects of extracel-
lular serotonin and dopamine levels on intracellular GSK3β levels. The ques-
tion of how CT-induced (particularly SD) extracellular effects of neurotrans-
mitters might affect intracellular signaling, clinical remission, and relapse is
unclear. These topics are discussed next.

SD, SWA and neuroplasticity

At a behavioral level, the sleep-wake cycle could be viewed as a behavioral
expression of the alternating phases of cellular synaptic potentiation and
downscaling. Synaptic potentiation increases during waking and is associated
with SWA homeostasis, increased plasticity, LTP, and synaptic strength. The
importance of norepinephrine to synaptic potentiation is shown by animal
lesion studies that indicate SWA depends on norepinephrine, but not serotonin.
In contrast, sleep-associated synaptic downscaling is a recovery process dur-
ing which synaptic strength is reduced, and is mediated by alternating hyper-
and depolarization cycles and SWA. The fact that SWA and cognitive process-
es are impaired in mood disorders is consistent with impaired synaptic home-
ostasis. Numerous factors, such as clock gene signaling (e.g., Clock, GSK3β;
Tab. 1) and dopamine/noradrenaline linked polymorphisms [66] that poten-
tially affect norepinephrine-dependent SWA homeostasis, as well as neuro-
modulator-related sleep factors (e.g., adenosine) [67, 68], or lifestyle-related
sleep loss [69] may contribute to impaired sleep homeostasis in mood disor-
ders. Several of these factors may also contribute to the rapid treatment effects
of SD. Foremost are norepinephrine, BDNF, and GSK3β, each linked with SD
either by affecting SWA homeostasis, or by association with clinical response
to SD (Tab. 2).
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SWA: a biomarker of neuroplasticity in novel drug evaluation

The synaptic homeostasis hypothesis indicates that wakefulness is accompa-
nied by synaptic potentiation. Information storage that occurs through LTP is
related to plasticity changes in selected cortical circuits. Elevated norepineph-
rine (but not serotonin) during wakefulness is critical for the induction of plas-
ticity related genes (e.g., P-CREB, Arc, and BDNF). Theoretically, wake-
dependent synaptic potentiation is linked to sleep-dependent SWA at the start
of the next sleep episode. Accordingly, SWA might be a useful biomarker of
neuroplasticity and synaptic potentiation induced by antidepressant drug treat-
ment. This possibility is being tested with the anti-glutamatergic drug keta-
mine, an NMDA antagonist with efficacy in rapid remission of depression.
Preliminary results are consistent with the synaptic homeostasis hypothesis,
suggesting a link between ketamine-induced levels of SWA, clinical improve-
ment, and neuroplasticity. Quantitative measurement of SWA waveform
parameters may offer a promising biomarker to clinically evaluate new drug
treatments that enhance neuroplasticity.

Norepinephrine

In rats, lesions of the noradrenergic system prevent waking associated increas-
es of SWA as well as transcription of BDNF, CREB and Arc, i.e., genes that are
normally induced by SD and therefore with the clinical response to SD.
Further, norepinephrine mediates the expression of several neural plasticity-
related molecules (Arc, BDNF, c-fos) regulated by the sleep wake cycle [5].
The fact that SD increases norepinephrine levels and locus coeruleus activity
is consistent with a noradrenaline-mediated mechanism of rapid onset symp-
tom remission in depression by SD. The fact that the clinical benefit from nor-
epinephrine antidepressant drugs requires chronic treatment (acting thru
G-protein coupled receptors, the cAMP second messenger system, and
increases of BDNF, TrkB, etc.), but the SD-induced increase of norepinephrine
activates a rapid-remission mechanism not activated by antidepressant drugs
suggests that different mechanisms are at play. A circadian phase-dependent
upregulation of norepinephrine signaling has been suggested [53] and the
hypothesis is being tested by infusion of the A2 antagonist, yohimbine, during
REM.

Serotonin and dopamine

As described earlier, both increased serotonin and dopamine signaling are
linked to rapid CT antidepressant response. Acute administration of the 5HT1A

antagonist and beta-blocker pindolol, as well as the dopamine reuptake
inhibitor, amineptine, enhance rapid clinical response to SD. Complex roles of
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serotonin and dopamine are suggested by the diverse effects of non-acute
monoamine interventions on treatment responses. As discussed later, GSK3β
levels are plausibly affected by SD’s effects on transmitters and receptor sub-
types. First, serotonin depletion using a tryptophan-free diet, fails to prevent
the rapid clinical response as predicted, but the depletion prolongs the treat-
ment response. This suggests a link between serotonin and relapse whereas a
dopaminergic mechanism might be linked with remission. Treatments that
affect serotonin signaling (via 5HT1A and 5HT2) regulate levels of GSK3β
within 24 h [70], consistent with the time frame of rapid clinical response to
SD. GSK3β inhibitors have antidepressant properties in rodents [71], and
ECT, an effective treatment approach in drug-resistant depression, alters
GSK3β levels [72]. While speculative, activation of 5HT1A and 5HT2 receptors
might inhibit and activate GSK3β respectively [70], separately accounting for
rapid clinical remission and relapse after SD.

Second, sub-chronic treatment with amineptine prevents rapid clinical
response, i.e., an effect opposite the acute response to amineptine. With regard
to dopamine, blockade of the rapid SD response by sub-chronic amineptine
may be mediated by Akt inhibition and GSK3β activation, as occurs after pro-
longed stimulation of D2 striatal receptors [73]. However, since acute aminep-
tine enhances rapid SD response, and would increase GSK3β levels, the inter-
action of dopamine and GSK3β in the rapid response is unclear. If dopamine
is involved, it may activate a distinct clock gene signaling pathway that
includes the D2 receptor, and the MAP kinase signaling cascade that activates
CLOCK/Bmal1 molecular clock (Per) transcription [74]. This signaling path-
way is of interest because CLOCK/Bmal1 activated PER signaling is affected
in mood-related circuitry (see Clock gene signaling in reward related mood
circuitry).

Adenosine

The fact that SD and ECT increase both SWA and adenosine, upregulate A1

receptors, and improve mood, supports a linkage between adenosine, neu-
rotrophic factors, and the SD response [68]. Adenosine is predominantly an
inhibitory neuromodulator in brain that regulates function of both neurons and
glia. Activation of its two major receptors, A1 and A2, is related to decreased
cerebral metabolic rate (CMR), and increased cerebral blood flow, respectively
[75]. Adenosine might therefore mediate SD-induced reduction in CMR with-
in the ventral anterior cingulate in depressed SD responders [41]. Particularly
relevant is the presence of A1 receptors in the hippocampus [76], where volume
reductions are seen in patients with mood disorders [59]. The reduction of neu-
ronal excitability by adenosine is mediated pre-synaptically by A1 receptor
inhibition of glutamate release [77], and post-synaptically by altering ion chan-
nel conductance and by affecting magnesium blockade of the NMDA receptor.
Thus adenosine’s antiglutamatergic and neuroprotective effects may contribute
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to the rapid clinical benefits of SD, consistent with the rapid clinical effects of
other antiglutamatergic treatments [78] such as ketamine.

Chronotherapeutic inputs to clock gene signaling pathways

Evidence suggests that the neurobiological effects of CT interventions are
linked to intracellular clock signaling pathways via GSK3β and dopamine.
First, preclinical studies show that serotonin [79] and dopamine receptor acti-
vation [74] alter synchronization by light and clock gene expression, respec-
tively. Second, at control points other than GSK3β, such as the CLOCK/Bmal1
promoter region, the effects of CT on dopamine pathways appear to alter clock
gene signaling. Third, because CT’s effects on extracellular monoamines are
likely to affect GSK3β activity, they are predicted to alter clock gene signal-
ing of interconnected pathways. The fact that clock gene signaling pathways
are altered in regional brain circuits also linked to mood disorders further
implicates clock circuitry in their etiology.

Clock gene signaling in reward-related mood circuitry

At least two brain reward circuits are implicated in mood disorders: a) a lim-
bic-thalamic-cortical (LTC) circuit linked via excitatory glutamatergic projec-
tions, consisting of the amygdala, the mediodorsal thalamus, and the orbital
and medial prefrontal cortex, and b) an overlapping limbic-cortical-striatal-
pallidal-thalamic (LCSPT) circuit. Clock gene mutations have been identified
in the function LCSPT, which is a critical reward circuit that may be linked to
hedonia and mania in BPD. Several lines of evidence indicate that clock genes,
some interacting with hormonal (i.e., melatonin) input, function in this region
to affect reward-related behavior. First, there is an association between hor-
monally regulated clock gene signaling and functional reward circuitry as indi-
cated by a melatonin-dependent signal [80] of both a) a diurnal variation in
cocaine sensitization (i.e., MT1 KOs exhibit equivalent day-night sensitiza-
tion), and b) a circadian signal of striatal Per1 mRNA and PER1 rhythms
(pinealectomy abolishes clock gene diurnal rhythms). Interestingly, melatonin-
linked gene polymorphisms of MEL1A [81] and AA-NAT, a gene associated
with melatonin metabolism [82], are also associated with abnormal synchro-
nization of the 24 h sleep wake cycle and possibly co-morbid mood disorders.
Second, some clock gene mutant mice exhibit altered dopaminergic function
and/or reward behavior. Per1 KO mice do not exhibit cocaine-induced behav-
ioral sensitization, whereas Per2 KO mice exhibit enhanced sensitization [83].
CLOCK mutant mice exhibit many features of mania (hyperactivity, decreased
sleep, cocaine preference) that are due to increased dopaminergic activity in
the ventral tegmental area [84]. Clock KO mice have elevated levels of tyro-
sine hydroxylase as well as increased dopaminergic response to cocaine, and

Non-pharmacological treatments and chronobiological aspects of bipolar disorder 109



lithium treatment; furthermore, grafts in the ventral tegmental area restore stri-
atal dopamine input and reverse some manic-like behaviors. Although these
mice do not exhibit behavioral cycling, which is a key feature of BPD, the ani-
mal model is useful for exploring the link between clock genes and BPD, and
provides insight into novel treatments [84]. Overall, recent evidence suggests
that clock gene-related signaling in the LTC or LCSPT may be linked to
behavioral patterns relevant to mood disorders and BPD.

Gsk3β and REV-ERBα

While it is clear that further research is needed to determine whether CTs
might affect mood cycling by altering circadian clock gene signaling, lithium
provides clues that might guide further research. Lithium’s two major clinical
benefits are a) as a neuroprotective agent that promotes axonogenesis and
reduces apoptosis (Fig. 2), and b) as a mood stabilizer. Its benefits may be
mediated by the dual effects of lithium-mediated GSK3β and REV-ERBα
inhibition. Lithium affects the phosphorylation of GSK3β and REV-ERB, two
key elements of interacting clock gene feedback loops. In the primary loop,
lithium inhibits GSK3β and delays the circadian clock in part by reducing PER
phosphorylation. The delayed nuclear entry of PER and CRY protein follow-
ing lithium treatment is associated with a delayed clock timing (Fig. 2). In a
secondary loop, lithium-mediated inhibition of GSK3β, reduces phosphoryla-
tion of the clock protein REV-ERBα, a negative feedback component of a sec-
ondary clock loop, resulting in disinhibition of negative feedback on Bmal1.
This disinhibition enhances Bmal1 activity and shortens the cycle duration of
this secondary loop. In toto, lithium may have opposing effects on these two
interacting loops: lengthening the intrinsic cycle duration of the primary feed-
back loop and shortening the intrinsic cycle of the REV-ERBα regulatory loop.
These opposing actions of lithium may strengthen the interaction between
these feedback loops and contribute to its mood stabilizing effects. Through
their Gsk3β inhibiting effects, the mood stabilizers VPA and lamotrigine are
predicted to have similar effects; CTs and antidepressant drugs, because they
often increase Gsk3β levels, are predicted to have mood destabilizing effects.

While lithium appears to stabilize mood cycles, the effects of CTs may be
more complex and may alter mood as well as destabilize mood cycles. CT-
induced changes in monoamines (see Signaling pathways common to
chronotherapeutics and psychoactive drugs) may also affect intracellular sig-
naling cascades via effects on GSK3β, one of several gateways for affecting
clock gene signaling by monoamines. Monoamines inhibit (via 5HT1A) or acti-
vate (via D2) GSK3β. Consistent with the view that monoamines alter clock
signaling, antidepressant drugs alter cycle duration and light response of the
circadian clock [12, 50, 51]. Two further consequences of neurotransmitter
effects on clock gene signaling are of interest. First, the unintentional effects
of sleep loss on monoamines (serotonin, dopamine) may also affect clock gene
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signaling pathways and contribute to feed-forward effects of sleep loss on the
induction of mania and rapid cycling. Second, it should be noted that because
clock signaling comprises an interconnected and regulated feedback cycle
with several input locations (e.g., GSK3β), the effects of clock gene polymor-
phisms per se on neurotransmitters (Clock on dopamine; Per2 on glutamate,
etc.) and vice versa (the effects of neurotransmitter polymorphisms (e.g.,
5HTTLPR) on clock input), it is certainly plausible that some of the abnormal
patterns in neurotransmitter signaling, or in circadian clock gene signaling,
may be derived from complex interactions between neural and clock signaling.

Chronotherapeutic and drug effects on the CLOCK/Bmal1 promoter
region

The effects of intracellular signaling on the CLOCK/Bmal1 promoter region
may modulate clinical response latency or duration to relapse. For example,
SD-induced effects on dopamine, and D2 receptor activation of the ERK path-
way, may ultimately activate CLOCK/BMAL1-induced clock gene transcrip-
tion of Per2. Clock gene control pathways, in which the products of clock gene
transcription (CLOCK/BMAL1) alter the transcription of clock controlled
genes (CCGs) by affecting activity in the E-box region of CCGs, have been
hypothesized [85] to alter the transcription of numerous mood-related neuro-
modulator substances such as tyrosine hydroxylase, the norepinephrine trans-
porter, and the glutamate receptor, each in close proximity to the Clock/Bmal1
promoter region. While support for drug effects on the E-box region is largely
based on regional proximity of mood-related genes to the region, the potential
to activate these mood-related modulator substances should highlight this pro-
moter region as a potential target of novel drug development.

Conclusion

Identifying the specific and convergent molecular effects of chronotherapeutic
treatments (CTs) with effective drug therapies such as lithium is important for
novel drug development. For example, the mechanism of the rapid onset of
remission that occurs after SD is unclear. Clarification of the molecular path-
ways that mediate rapid remission would clearly benefit traditional antide-
pressant therapies.

CTs such as SD and LT affect extracellular levels of norepinephrine, sero-
tonin, and dopamine. The intracellular effects of these monoamines often
affect clock gene signaling pathways implicated in the etiology of bipolar
mood cycles and mood disorders. Preclinical studies suggest the effects of SD
on rapid clinical remission may be mediated by a norepinephrine-mediated
increase in BDNF and neuroplasticity. SD- and LT-mediated changes in
dopamine and serotonin have complex effects on clock gene signaling, medi-
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ated in part by GSK3β and REV-ERBα. A convergence of non-pharmacolog-
ical and drug treatment effects is indicated by the mood stabilizer lithium,
which reduces GSK3β and REV-ERBα activity.

The contribution of altered clock gene signaling to irregular circadian
rhythms, sleep loss, and mood disturbance remains to be fully characterized.
However, the fact that multiple and different therapeutic treatment modalities
appear to alter common molecular elements suggests an important role for
clock signaling pathways in both the etiology and treatment of mood disorders.
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Neuroimaging studies of bipolar depression:
therapeutic implications
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Abstract

Bipolar disorder (BPD) 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 a concomitant
increase in glutamatergic neurotransmission, is observed in the pregenual (pgACC) and sub-
genual anterior cingulate cortex (sgACC), the orbitofrontal, frontal polar and ventrolateral
prefrontal cortex (PFC), the posterior cingulate, ventral striatum, and hippocampus. While
increased glutamatergic signaling is equally salient in the amygdala, the data are conflicting
on the nature of volumetric changes in this region. Neuroreceptor imaging data provide pre-
liminary evidence for serotonin, serotonin transporter (5-HTT), dopamine receptor, and
cholinergic system dysfunction in BPD. Oft-reported abnormalities of the deep frontal and
basal ganglia white matter, and enlargement of the third and lateral ventricles are likely asso-
ciated with cerebrovascular disease. Mood stabilizers and antidepressant drugs may attenu-
ate pathological limbic activity, and increase neurotrophic processes, restoring balance to the
system.

Introduction

The World Health Organization ranks bipolar disorder (BPD) as the fifth lead-
ing cause of disability [1], yet almost nothing is known about this condition’s
pathogenesis. Because BPD is not associated with gross brain pathology or
with clear animal models for spontaneous, recurrent mood episodes, the avail-
ability of tools allowing noninvasive assessment of the human brain proved
critical to elucidating its neurobiology. The recent development of neuroimag-
ing technologies that permit in vivo characterization of the anatomical, physi-
ological, and neurochemical correlates of BPD thus has enabled significant
advances toward illuminating the pathophysiology of this condition. Notably,
the results of neuroimaging studies and the post mortem studies that have been
guided by neuroimaging results have given rise to neurocircuitry-based mod-
els in which both functional and structural brain pathology play roles in the
development of BPD.

To date, none of these abnormalities has shown sufficient sensitivity and
specificity to prove useful as a diagnostic test. The variable presence and mag-
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nitude of such abnormalities in mood disorders likely reflects the heterogene-
ity encompassed within the BPD syndrome with respect to pathophysiology
and etiology. As long as psychiatric nosology depends on syndrome-based
classifications, diagnosing BPD may continue to encompass patients with a
range of conditions that appear clinically related but are neurobiologically dis-
tinct. This lack of precise and biologically verifiable definition of illness pre-
sumably contributes to the inconsistencies extant within the literature pertain-
ing to neurobiological abnormalities associated with BPD, and to the variable
responses of BPD 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 therapeutic approaches.

Neural circuits implicated in BPD

Evidence from neuroimaging, neuropathological, and lesion analysis studies
implicates brain networks that normally regulate the evaluative, expressive,
and experiential aspects of emotional behavior in the pathophysiology of BPD
[3]. These circuits include the limbic-cortical-striatal-pallidal-thalamic circuits
(LCSPT) formed by the orbital and medial prefrontal cortex (OMPFC), amyg-
dala, hippocampal subiculum, ventromedial striatum, mediodorsal thalamic
nucleus, and ventral pallidum [4]. 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 grey (PAG) [5]. They were also initially implicated in the
pathophysiology of depression by the observations that degenerative basal gan-
glia diseases and lesions of the striatum and orbitofrontal cortex (OFC)
increased the risk of developing major depressive or manic syndromes [6].

In addition to involving LCSPT circuitry, the functional and structural brain
abnormalities associated with mood disorders also affect an extended anatom-
ical 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 [4]. This
extended ‘visceromotor’ network functions to regulate autonomic, endocrine,
neurotransmitter, and behavioral responses to aversive and rewarding stimuli
and contexts by modulating neuronal activity within the limbic and brainstem
structures that mediate and organize emotional expression (e.g., amygdala, bed
nucleus of the stria terminalis (BNST), PAG, hypothalamus) [4]. Thus,
impaired function within this network could disinhibit or alter emotional
expression and experience, conceivably giving rise to the clinical manifesta-
tions of depression or mania. Compatible with this hypothesis, pharmacologi-
cal, 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) [7–9].
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Structural neuroimaging in BPD

Patients with BPD show abnormalities of morphology or morphometry in mul-
tiple structures that form the extended visceromotor network [7] (Tab. 1). The
extent or prevalence of these abnormalities depends partly on clinical charac-
teristics such as age at onset of illness, risk for developing psychosis as well
as mania, and evidence for familial aggregation of illness. For example, elder-
ly BPD 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 eld-
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Table 1. Neuroimaging and histopathological abnormalities evident in the visceromotor network [4]
in early-onset, recurrent MDD and/or BPD

Brain region Grey matter Cell counts, Glucose metabolism, CBF
volume cell markers

Dep versus Dep versus Dep versus Dep versus
Con Con Con Rem

Dorsal medial/anterolateral Decreased Decreased Decreased Increased
PFC (BA9)

Frontal polar cortex (BA 10) Decreased Increased Increased

Subgenual anterior cingulate Decreased Decreased Mixed Increased
cortex findingsa

Pregenual anterior cingulate Decreased Decreased Increased Increased
cortex

Orbital C/Ventrolateral PFC Decreased Decreased Increased Increased

Posterior cingulate Decreased Increased Increased

Parahippocampal cortex Decreased Decreased Increased Increased
in BPD

Amygdala Mixed Decreased Increased Increased
findingsb in MDD

Ventromedial striatum Decreased Increased Increased

Hippocampus Decreased Decreased n.s. n.s.
in BPD

Superior temporal gyrus/ Decreased Increased
Temporopolar cortex

Medial thalamus Increased Increased

a In the sgACC, the apparent reduction in CBF 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 grey matter, the metabolism appears increased relative
to controls.

b The literature disagrees with respect to amygdala volume in mood disorders (see text).
Abbreviations: Dep versus Con: Unmedicated individuals with MDD versus healthy controls; Dep
versus 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 [188].



erly individuals with MDD with an early age of onset [10]. Similarly, individ-
uals with MDD and BPD who manifest either psychosis (delusions and/or hal-
lucinations) or a late-life onset of illness show nonspecific signs of atrophy,
such as lateral ventricle enlargement, that are absent in early-onset, non-psy-
chotic MDD cases.

Volumetric MRI abnormalities identified in BPD

Early-onset, non-psychotic BPD cases also show volumetric abnormalities that
are localized to some prefrontal cortex (PFC), cingulate, temporal lobe and
striatal structures (Tab. 1). The most prominent volumetric abnormality report-
ed to date has been a reduction in grey matter in the left anterior cingulate cor-
tex (ACC) ventral to the corpus callosum genu (i.e., ‘subgenual’), which is evi-
dent in MDD and BPD with evidence of familial clustering or with psychotic
features [11–14]. This volumetric reduction exists early in the course of the ill-
ness and in young adults at high familial risk for BPD or MDD [11, 14]. In
BPD this abnormality is evident for both BPD I and BPD II samples [15, 16].
Conventional antidepressant drug treatment and symptom remission do not
appear to alter the reductions in grey matter volume in the sgACC [13], but
chronic lithium treatment, which exerts robust neurotrophic effects in animal
models, has been associated with increasing grey matter volume in treatment
responders in the sgACC and other PFC areas [10, 17] (Fig. 1).

Grey matter volume also is reduced in the OFC (BA 11, 47) and ventrolat-
eral PFC (VLPFC; BA 45, 47) in MDD [18] and BPD [16], in the frontal
polar/dorsal anterolateral PFC (BA 9, 10) in MDD [10], and in the posterior
cingulate cortex and superior temporal gyrus in BPD [19] (Fig. 2, see page
131). In BPD the peak difference in grey matter loss in the lateral OFC was
found in the sulcal BA47 cortex [19], a region that appears to function as part
of both the visceromotor and ‘sensory’ networks within the OMPFC [4].
Compatible with these data, the MRS study by Cecil and colleagues [20] found
reduced NAA and choline concentrations in the orbitofrontal GM in BPD, sug-
gesting decreased neuronal integrity.

Decreases in the volume of the dorsal PFC have also been reported in BPD
and MDD [21]. For example, Frangou and colleagues [22] and Haznedar and
colleagues [15] described GM volume reductions of the DLPFC (BA 8, 9, 45,
46) in medicated and remitted BPD I patients, and partially medicated, ‘stable’
bipolar-spectrum individuals, respectively. More circumscribed volume reduc-
tions of BA 9 also were reported in a medicated, euthymic pediatric BPD sam-
ple [23]. In a mixed BPD I and BPD II sample Lochhead and colleagues [24]
reported reduced GM volume of the ACC immediately dorsal to the corpus
callosum (CC).

In the hippocampus, at least half of the studies reported reductions in the
volume of the whole hippocampus in MDD; in BPD, however, the volumetric
reductions appear more specific to the anterior subiculum/ventral CA1 region
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[10]. In contrast, the whole hippocampal volume was reported to be smaller in
BPD subjects than controls in some studies, but not different from controls in
most studies (reviewed in [21]). The reasons for this apparent difference in the
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Figure 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 t-values where glucose metabolism
is decreased in depressives 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 (Tab. 1;
reproduced from [13]). 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 ACC volumes
in mm3 for the healthy controls, individuals with MDD, unmedicated individuals with bipolar depres-
sion, and BPD subjects chronically medicated with lithium or valproate. Reproduced with permission
from [17].



results between neuromorphometric studies of MDD versus BPD remain
unclear. In MDD the reduction in hippocampal volume was limited to
depressed women who suffered early-life trauma in some studies [25] and was
correlated inversely with time spent depressed in other studies (e.g., [26]), but
it remains unclear whether these relationships also extend to BPD.

One potential reason for the apparent discrepancies between MDD and
BPD may be the neurotrophic/neuroprotective effects associated with mood
stabilizing treatments. Animal studies demonstrate that lithium promotes hip-
pocampal neurogenesis [27] and long-term potentiation (LTP) [28]. A sample
of BPD patients treated for 4 weeks with lithium showed a 3% (24 cm3)
increase in whole brain gray matter volumes from baseline [29], an effect that
appeared to result from the neurotrophic effect of the drug [30]. Four more
recent studies [31–34] comparing lithium-treated and non-lithium treated
groups demonstrated similar effects in large cortical areas, including the hip-
pocampus. The phenomenon may not be restricted to lithium; comparable
effects have been noted with other classes of mood stabilizers, especially val-
proate [35, 36]. In contrast, with the exception of the as yet rarely prescribed
tianeptine [37–39], the neurotrophic properties of antidepressants are less per-
suasive (although see [40] and [41]).

Amygdala volume has been reported to be increased in some studies but
decreased in others in individuals with MDD relative to controls [10]. In gen-
eral these data suggest that the amygdala volume in patients with BPD 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 (reviewed in [21]). The findings in adults seem to hold even in samples
with a long history of illness [22, 42, 43]. Parallels have been drawn with the
temporal lobe epilepsy (TLE) literature, which suggests increased or preserved
amygdala volume [44] despite the presence of hippocampal sclerosis in TLE
patients with co-morbid affective illness [45–48].

In the basal ganglia (i.e., caudate, putamen, or globus pallidus) subjects
with BPD generally have not shown morphometric differences relative to con-
trols (reviewed in [21]). These data appear consistent with the reported
absence of N-acetyl-aspartate (NAA) abnormalities in the basal ganglia of
BPD samples [49–51]. Nevertheless, a post mortem study of a combined
MDD and BPD sample reported volumetric reductions of the left accumbens,
bilateral pallidum, and right putamen [52].

There  has, however, been some suggestion of striatal enlargement in adult
and pediatric samples with BPD (reviewed in [21]). As in the case of the hip-
pocampus, these analyses may conceivably be confounded by treatment
effects. Enlargement of basal ganglia structures is a well-known effect of
antipsychotic drugs [53–56], and notably three of the studies reporting basal
ganglia enlargement made use of partially manic samples treated with antipsy-
chotic medication [57–59].

Enlargement of the third and lateral ventricles has commonly been
observed in BPD (reviewed in [21]). Many studies reporting ventriculomegaly
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included subjects with early age of onset. Nevertheless, the extent to which
chronic alcohol abuse [60], incipient neurological disorders with prodromal
depression, or cerebrovascular disease [61–63] (see ensuing section on white
matter abnormalities) contributed to ventricular enlargement has not been
established.

Neuromorphological MRI abnormalities in BPD: white matter pathology

In morphological MRI studies, an elevation in the incidence of white matter
hyperintensities (WMH), especially in the deep frontal cortex and basal gan-
glia, commonly has been reported in BPD and in late-onset MDD samples
[64–68]. 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 white matter density due to demyelination, atrophy of the neuropil,
ischemia-associated microangiopathy, or other causes [69]. This phenomenon
normally is prevalent in elderly, non-depressed populations [70], but shows an
abnormally high prevalence in MDD cases with a late age of onset and in BPD
samples of all ages.

The incidence of WMH may relate in part to cerebrovascular disease
(reviewed in [71]). BPD is associated with a significantly increased prevalence
of cardiovascular disease risk factors such as smoking, obesity, diabetes mel-
litus (DM), hypertension, and dyslipidemia (reviewed in [72,73]).
Hypertension [74, 75], obesity [76], smoking [77] and diabetes mellitus [78]
have in turn been directly associated with the development of WMH. Although
most published studies of BPD attempt to exclude patients with such poten-
tially confounding conditions, the whole gamut of risk conditions is rarely
controlled for, raising the possibility that WMH in BPD are an artifact of med-
ical co-morbidity or some obscure ischemic risk factor. Moreover, drug abuse
is prevalent in BPD populations and stimulant drug-induced vasoconstriction
may lead to WMH [79, 80]. Notably, marijuana use also may interact in an
additive fashion with WMH to predispose to depressive symptomatology [81].
In addition, Lenze and colleagues [82] and Nemeroff and colleagues [83] spec-
ulated that excess depression-associated secretion of serotonin by blood
platelets [84, 85] facilitates platelet aggregation and thereby predisposes to
thrombotic events and vasoconstriction. Finally, cerebrovascular reactivity,
which describes the compensatory dilatory capacity of arterioles to dilatory
stimuli, is reportedly reduced in acutely depressed patients without any neuro-
logical, cardiac, or vascular risk factors [86], raising the possibility that
impaired regulation of vascular tone also plays a role in the pathogenesis of
WMH in BPD.

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 [21]). Moreover, the hypothesis that WMH
reflect cerebrovascular disease fails to account for the white matter pathology
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noted in pediatric BPD samples [87–89] as well as the high concentration of
WMH in both BPD subjects and their unaffected relatives [90]. A significant
minority of young BPD patients with a relatively typical age-of-onset show
white matter abnormalities on MRI scans (reviewed in [21]). Thus, while a
proportion of adults with BPD with significant white matter pathology will
present with risk factors for cerebrovascular disease, WMH may also less com-
monly arise in pediatric or young adult BPD samples due to developmental
insults or via some as yet unknown pathophysiological mechanism.

Obstetric complications are well known to be associated with schizophrenia
[91], but with a few exceptions [92, 93], appear less salient in BPD.
Nevertheless, it is possible that perinatal hypoxic events precipitate BPD in a
vulnerable minority [94].

Another possible explanation for demyelination as evidenced by WMH in
BPD may be changes in oligodendrocyte function. Post mortem studies have
reported a down-regulation of oligodendrocyte-related gene expression of
genes impacting myelin or oligodendrocyte function and decreased oligoden-
drocyte density in both BPD and MDD [95–100]. As reviewed in [101–103]
variants of some of these genes such as oligodendrocyte lineage transcription
factor 2 (OLIG2) [NCBI accession number 10215], Neuregulin 1 (NRG1)
[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. White mat-
ter is decreased in the genu of the corpus callosum in both adults with BPD or
MDD and their high-risk child and adolescent offspring (particularly in
females), and is also decreased in the splenium of the corpus callosum in
adults with BPD or MDD. Finally, the high incidence of familial WMH seen
in the Ahearn and colleagues [90] 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 BPD.

An unresolved issue is whether the relationship between white matter
pathology and mood disorders is one of cause or effect. Certainly, new cases
of BPD may be precipitated by subcortical infarcts [104]. Moreover, depres-
sive and bipolar syndromes are relatively common sequelae of the genetic dis-
order cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) [105, 106]. The deep frontal white matter
pathology commonly seen in mood disorders conceivably may result in a dis-
ruption of the pathways linking subcortical regions such as the striatum to
functionally homologous regions of the PFC, giving rise to dysregulation of
emotional behavior in BPD [107–109].

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 metabo-
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lism (Tab. 1; Fig. 1). In most of these structures, and particularly those that
form the extended visceromotor network, the basal activity appears abnormal-
ly increased during the depressed phase of BPD. In MDD this pattern of dif-
ferences also has been demonstrated in cross-sectional studies of depressed
MDD subjects relative to controls, longitudinal studies of patients imaged
before versus after treatment (e.g., [8], and challenge studies of remitted
patients scanned before versus during depressive relapse (e.g., [110, 111]).

Nevertheless, the reduction in gray matter 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 rela-
tionships between physiological measures and depression severity. For exam-
ple, relative to controls, depressed BPD and MDD subjects show metabolic
activity that appears reduced in the sgACC [13, 112]. However, when this vol-
umetric deficit is taken into account by correcting the metabolic data for the
partial volume averaging effect associated with the corresponding gray mat-
ter reduction (which range in magnitude from ~20% to ~50% across studies
of MDD and BPD), metabolism instead appears increased in the sgACC in
the unmedicated-depressed phase and normal in the medicated-remitted
phase [7]. Consistent with these data, activity is decreased in the remitted ver-
sus the depressed phase of mood disorders in the sgACC, as assessed follow-
ing effective treatment [8, 9, 113, 114]. Conversely, metabolic activity is
increased in the sgACC in remitted MDD cases during depressive relapse
induced by tryptophan depletion or catecholamine depletion [110, 111]. The
volumetric reductions in the OFC and VLPFC may also contribute to the
complexity of relationships observed between metabolism and illness severi-
ty, as metabolism appears elevated in depressed samples of mild-to-moderate
severity, but reduced in more severe, treatment-refractory cases (reviewed in
[115]).

Although the pattern of activity in the extended visceromotor network gen-
erally is one in which metabolism is elevated during the depressed versus the
remitted phases, the relationship between activity and symptom severity dif-
fers in valence across some structures, compatible with preclinical evidence
that distinct structures are involved in opponent processes with respect to emo-
tion modulation [116]. Regions where metabolism correlates positively with
depression severity include the amygdala, sgACC, and ventromedial frontal
polar cortex [7, 111]. Metabolism and flow decrease in these regions during
effective treatment [8, 9]. Conversely, in recovered MDD cases who experi-
ence depressive relapse under serotonin or catecholamine depletion, metabol-
ic activity generally increases in these regions as depressive symptoms return
[110, 111, 117], although such studies have not been extended to BPD.

In the amygdala, abnormal elevations of resting metabolism can be seen in
depressed samples categorized as having BPD, familial pure depressive dis-
ease (FPDD), MDD-melancholic type, or MDD that responds to a night of
total sleep deprivation (reviewed in [118]). In such cases amygdala metabo-
lism decreases toward normative levels during effective antidepressant treat-
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ment [8]. In BPD these findings of increased baseline amygdalar activity have
largely been limited to adults [119–123], in whom resting activity has corre-
lated positively with severity of depression [119]. Furthermore, increased
hemodynamic responses of the amygdala to negatively valenced faces have
been reported in BPD subjects relative to healthy controls [124–127].

In the accumbens, medial thalamus, and posterior cingulate cortex the
metabolism is abnormally elevated in the depressed phase of MDD and BPD
[10, 121,123]. In the OFC, Blumberg and colleagues [128] showed that manic
patients have reduced rCBF, while induction of a sad mood through psycho-
logical means resulted in decreased rCBF to the medial OFC in euthymic but
not depressed BPD subjects versus controls [129]. Finally, reductions in
metabolism and in the hemodynamic responses to various cognitive-behav-
ioral tasks have been reported in dorsolateral PFC regions located outside the
OMPFC (reviewed in [3]).

Implications for treatment mechanisms

Elevated glutamatergic function is thought to support the neurophysiological
activation of visceromotor networks in depression. The anatomical projections
between the OMPFC, striatum, and amygdala implicated in mood disorders
are formed by predominantly excitatory projections [4]. Because cerebral glu-
cose metabolism largely reflects the energy requirements associated with glu-
tamatergic transmission [130], the elevated metabolism evident in limbic-thal-
amo-cortical circuits in depression implies that glutamatergic transmission is
increased in these circuits [131]. Compatible with this hypothesis, post mortem
studies of the NMDA receptor complex in suicide victims found evidence sug-
gesting that glutamatergic transmission had been increased in the PFC ante-
mortem, and implicated disturbances in glutamate metabolism, NMDA, and
mGluR1,5 receptors in depression and suicide [132].

Notably, antidepressant and mood stabilizing drugs that have diverse pri-
mary pharmacological actions are hypothesized to have a final common path-
way of reducing NMDA receptor sensitivity and/or transmission, and many of
these agents also increase GABA levels or transmission [132, 133].
Compatible with these data, during effective antidepressant drug or electro-
convulsive therapy, glucose metabolic activity decreases in the regions of the
extended visceromotor network (Tab. 1; reviewed in [10, 121]), which would
be expected if treatment-induced NMDA receptor desensitization resulted in
reduced glutamatergic transmission [132]. As described in the ensuing sec-
tions, elevated glutamatergic transmission within discrete anatomical circuits
may partly explain the targeted nature of grey matter changes within mood
disorders (e.g., affecting left more than right sgACC) [7, 134], so one impor-
tant mechanism of effective treatment in bipolar depression may involve the
reduction of excessive excitatory transmission mediated via NMDA receptor
stimulation [134].
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Neuropathological correlations in mood disorders

Most regions where MRI studies demonstrated volumetric abnormalities in
BPD also have been shown to contain histopathological changes or grey mat-
ter volumetric reductions in post mortem studies of MDD and BPD. For exam-
ple, reductions of grey matter volume, thickness, or wet weight have been
reported in the subgenual ACC, posterolateral orbital cortex, and ventral stria-
tum in MDD and/or BPD subjects relative to controls [52, 135–137]. The
histopathological correlates of these abnormalities included reductions in glial
cells with no equivalent loss of neurons, reductions in synapses or synaptic
proteins, elevations in neuronal density, and reductions in neuronal size in
MDD and/or BPD samples [99, 136, 138, 139]. Reductions in glial cell counts
and density, and/or glia-to-neuron ratios additionally were found in MDD sub-
jects versus controls in the pregenual ACC (pgACC [BA24]) [140], the dorsal
anterolateral PFC (BA9) [97, 99], and the amygdala [98, 141]. Finally, the den-
sity of non-pyramidal neurons was decreased in the ACC and hippocampus in
BPD [142, 143], and in the dorsal anterolateral PFC (BA9) of MDD [139].
Reductions in synapses and synaptic proteins were evident in BPD subjects in
the hippocampal subiculum/ventral CA1 region [138, 144].

The glial type that specifically differed between mood disordered and con-
trol samples in many of these studies was the oligodendrocyte (e.g., [98, 99]).
Oligodendroglia are best characterized for their role in myelination, and the
reduction in oligodendrocytes may conceivably arise secondary to an effect on
myelin, either through demyelination, abnormal development, or atrophy in
the number of myelinated axons. Notably, myelin basic protein concentration
was found to be decreased in the frontal polar cortex (BA 10) [145], and the
expression of genes related to oligodendrocyte function (i.e., genes that encod-
ed structural components of myelin, enzymes involved in the synthesis of
myelin constituents or in the regulation of myelin formation, transcription fac-
tors regulating other myelination-related genes, or factors involved in oligo-
dendrocyte differentiation) was decreased in the middle temporal gyrus in
MDD subjects relative to controls [96].

Compatible with these data, myelin staining was decreased in the deep
white matter of the dorsolateral PFC in MDD and BPD subjects [146], and the
white matter volume of the genual and splenial portions of the corpus callo-
sum were abnormally reduced in MDD and BPD (e.g., [147]). 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 white matter in MDD
reflects a developmental defect that exists prior to illness onset [148].

Finally, satellite oligodendrocytes were also implicated in the pathophysiol-
ogy of mood disorders by an electron microscopic study of the PFC in BPD,
which revealed decreased nuclear size, clumping of chromatin, and other types
of damage to satellite oligodendrocytes, including indications of both apoptot-
ic and necrotic degeneration [100, 149]. Satellite oligodendrocytes are

Neuroimaging studies of bipolar depression: therapeutic implications 127



immunohistochemically reactive for glutamine synthetase, suggesting that
they function like astrocytes to take up synaptically released glutamate for
conversion to glutamine and cycling back into neurons [150].

In other brain regions, reductions in astroglia have been reported by post
mortem 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 mood disordered subjects relative to controls, although it was not
determined whether this decrement reflected a reduction in astrocyte density
or GFAP expression [151]. However, another study that used immunohisto-
chemical staining for GFAP did not find significant differences in cortical
astrocytes between controls and MDD or BPD cases [152]. Other studies also
did not find differences in GFAP between mood disorder cases and controls
(reviewed in [153]).

Factors that may conceivably contribute to a loss of oligodendroglia in
mood disorders include elevated glucocorticoid secretion and glutamatergic
transmission evident during depression and mania. Glucocorticoids affect both
glia and neurons [154] and elevated glucocorticoid concentrations and repeat-
ed stress decrease the proliferation of oligodendrocyte precursors [155, 156].
Moreover, oligodendrocytes express AMPA and kainate type glutamate recep-
tors, and are sensitive to excitotoxic damage from excess glutamate (reviewed
in [98]). The targeted nature of the reductions in grey matter volume and glial
cells to specific areas of the limbic-cortical circuits that show increased glu-
cose metabolism during depressive episodes is noteworthy given the evidence
reviewed below that the glucose metabolic signal is dominated by glutamater-
gic transmission.

Correlations with rodent models of chronic and repeated stress

In regions that appear homologous to the areas where grey matter reductions
are evident in humans with BPD (i.e., medial PFC, hippocampus), repeated
stress results in dendritic atrophy and reductions in glial cell counts or prolif-
eration in rodents [134, 156–159]. In contrast, in the basolateral amygdala
(BLA), chronic, unpredictable stress also produced dendritic atrophy, but
chronic immobilization stress instead increased dendritic branching [160,
161].

Dendritic atrophy would be reflected by a decrease in the volume of the
neuropil, which occupies most of the grey matter volume. The similarities
between the histopathogical changes that accompany stress-induced dendritic
atrophy in rats and those found in humans suffering from depression thus led
to hypotheses that homologous processes underlie the reductions in grey mat-
ter volume in hippocampal and PFC structures in MDD and BPD [134]. In rats
the stress-induced dendritic atrophy in the medial PFC was associated with
impaired modulation (i.e., extinction) of behavioral responses to fear-condi-
tioned stimuli [162, 163]. Notably, healthy humans with thinner ventromedial
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PFC tissue also show a greater galvanic skin response to conditioned stimuli
during extinction learning [164]. Finally, when rats were subjected to repeated
stress beyond 4 weeks, the dendritic atrophy could be reversed by lithium
[134], resembling the effects on sgACC volume in depressed humans.

In rodent stress models, these dendritic reshaping processes depend on
interactions between increased N-methyl-D-aspartate (NMDA) receptor stim-
ulation and glucocorticoid secretion associated with repeated stress [134, 158].
Elevations of glutamate transmission and cortisol secretion in mood disorders
also may contribute to reductions in gray matter volume and synaptic markers
by inducing dendritic atrophy in some brain structures, as the depressive sub-
types (e.g., BPD, FPDD) who show regional reductions in grey matter volume
also show evidence of cortisol hypersecretion (reviewed in [8]) and increased
glutamate transmission. Subjects with familial BPD also show elevations of
glucose metabolism, which largely reflect glutamate transmission (see above),
in the medial and orbital PFC, amygdala, and cingulate cortex regions that
show reductions in grey matter volume and cellular elements. The findings that
grey matter reductions appear to occur specifically in regions that show hyper-
metabolism during BPD thus raise the possibility that excitatory amino acid
transmission plays a role in the neuropathology of BPD.

Neuroreceptor imaging in bipolar depression

Of the neurochemical systems that modulate neural transmission within the
visceromotor network, mood disorders have been associated with abnormali-
ties of serotonergic, dopaminergic, noradrenergic, cholinergic, glutamatergic,
GABA-ergic, glucocorticoid, and peptidergic (e.g., corticotrophin releasing
factor (CRF)) function. Some receptors of the monoaminergic neurotransmit-
ter systems have been imaged in BPD using PET or SPECT and radioligands.

Serotonergic system

The central serotonin (5-HT) system has received particular interest in depres-
sion research because selective serotonin reuptake inhibitors (SSRIs) exert
antidepressant effects, and most other antidepressant drugs also increase sero-
tonin (especially post-synaptic 5-HT1A receptor) transmission [165]. This
effect of antidepressant drugs may augment an endogenous elevation of sero-
tonin release during the stress of depression, analogous to the enhanced sero-
tonergic transmission that occurs in some brain regions during stress in rodents
(reviewed in [166, 167]). Enhancement of serotonin transmission in MDD also
may compensate for abnormalities in density and sensitivity of some serotonin
receptor subtypes evidenced by post mortem, neuroimaging, and pharmaco-
logical challenge studies of depression [165, 168]. For example, postsynaptic
5-HT1A receptor binding or mRNA expression is decreased in the insula, cin-
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gulate, parieto-occipital, and orbital/ventrolateral prefrontal cortices in some
neuroimaging studies of MDD and BPD (reviewed in [165]).

It remains unclear whether the reduction in 5-HT1A receptor function and
expression in mood disorders constitutes a neurodevelopmental or an acquired
abnormality. This issue is of interest because interruption of 5-HT1A receptor
function during neurodevelopment persistently alters the function of emotion-
modulating systems in genetically engineered mice [169]. Nevertheless, the
reduction in 5-HT1A receptor binding and mRNA expression in depression
may arise secondarily to cortisol hypersecretion [170], as 5-HT1A receptor
mRNA expression and density are tonically inhibited by glucocorticoid recep-
tor stimulation. In experimental animals the elevated CORT secretion during
chronic or repeated stress results in reduced 5-HT1A receptor density and
mRNA expression [170, 171]. Moreover, the mood disordered subgroups with
reduced 5-HT1A receptor binding may be limited to those with a diathesis to
hypersecrete cortisol (e.g., [165, 170, 172]).

Altered serotonin transporter (5-HTT) function is also thought to play a role
in the pathophysiology of mood disorders (reviewed in [168, 173]). For exam-
ple, depressed BPD subjects showed elevated 5-HTT binding in the striatum,
thalamus, and insula, as well as reduced binding in the vicinity of the pontine
raphe [166, 173] (Fig. 3). PET studies performed using 5-HTT radioligands
with high selectivity for 5-HTT sites, such as [11C]DASB, similarly 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 5HTT binding in the pontine
raphe found in individuals with bipolar depression did not extend to MDD
cases [166]. Finally, genetic polymorphisms involving 5-HTT regulatory sites
reportedly increase the vulnerability for developing BPD as well as MDD
(reviewed in [166]).

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
[174] reported that binding of [11C]SCH-23990 was decreased in the frontal
cortex of BPD subjects studied in various illness phases, a finding that awaits
replication using more selective D1 receptor ligands. In addition, Pearlson and
colleagues [175] showed that psychotic individuals with BPD had increased
striatal uptake of the dopamine D2/D3 receptor ligand [11C]- N-methylspiper-
one relative to healthy controls and non-psychotic individuals with BPD, but
that the non-psychotic BPD cases did not differ from healthy controls.
Similarly, a SPECT-[123I]IBZM study found no difference in striatal dopamine
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Figure 2. Lateral orbitofrontal cortical area (approximately sulcal BA 47 l/47 s) [4] where peak effect
size of grey matter reduction was located in BPD. The image sections shown are from a voxel-based
morphometric analysis that compared MRI measures of grey matter volume between depressed sub-
jects with BPD and healthy controls. Anterior or left is to left. Reproduced with permission from [19].

Figure 3. Serotonin transporter binding is reduced in bipolar depression. This section from a voxel-
wise analysis of [11C]DASB parametric binding potential images shows regions where individuals
with BPD 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 with-
in the brainstem (left panel; after [190]). Reproduced with permission from [173].



D2/D3 receptor binding at baseline, and no difference in the change in
[123I]IBZM binding under amphetamine challenge between medicated,
euthymic BPD patients and healthy controls [176].

Cholinergic system

The cholinergic system is also implicated in the pathophysiology of mood dis-
orders, with evidence indicating that the muscarinic cholinergic system is
overactive or hyper-responsive in depression. Janowsky and colleagues [177]
reported that increasing cholinergic activity using the acetylcholine-esterase
inhibitor physostigmine, resulted in the rapid induction of depressive symp-
toms in currently manic BPD subjects, and in a worsening of symptoms in
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Figure 4. 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 t-values
corresponding to areas where the uptake of [18F]FP-TZTP, a PET radioligand that selectively 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 cin-
gulate cortex. Reproduced from [180].



individuals with MDD. The administration of the M2R antagonist, procaine,
elicits emotional responses in humans ranging from sadness, fear, and severe
anxiety to euphoria, and results in increased physiological activity of the cin-
gulate cortex [178, 179], a region densely innervated by cholinergic projec-
tions. Moreover, in individuals with bipolar depression, decreased M2R bind-
ing has been reported in the cingulate cortex [180] (Fig. 4). Multiple M2R gene
polymorphisms are associated with increased risk for developing major
depressive episodes (reviewed in [180]), but thus far these SNPs have not been
associated with BPD. Finally, the muscarinic cholinergic receptor antagonist,
scopolamine, exerts rapid and robust antidepressant effects in depressed MDD
and BPD patients, although the ~24 h delay in onset of these effects raises the
possibility that a secondary mechanism of action underlies the antidepressant
response [181].

Implications for neurocircuitry models of depression

The neuropathological, neurochemical, and neurophysiological abnormalities
extant within the extended visceromotor network may impair this network’s
modulation of autonomic, endocrine, neurotransmitter, emotional, and behav-
ioral responses to aversive and reward-related stimuli or contexts [4], poten-
tially accounting for the disturbances within these domains seen in BPD
(Fig. 5). The neuroimaging abnormalities in the VLPFC, OFC, sgACC,
pgACC, amygdala, ventral striatum, and medial thalamus evident in BPD
implicate a limbic-thalamo-cortical circuit involving the amygdala, the
mediodorsal nucleus of the thalamus (MD), and the OMPFC, and a limbic-stri-
atal-pallidal-thalamic circuit involving related parts of the striatum and ventral
pallidum along with the components of the other circuit [131].

The first of these circuits can be conceptualized as an excitatory triangular
circuit (Fig. 5) whereby the BLA and the OMPFC are interconnected by exci-
tatory (especially glutamatergic) projections with each other and with the MD
[7], so increased glucose metabolism in these structures would presumably
reflect increased synaptic transmission through the limbic-thalamo-cortical
circuit. The limbic-striatal-pallidal-thalamic circuit constitutes a disinhibitory
side loop between the amygdala or PFC and the MD. The amygdala and the
PFC send excitatory projections to overlapping parts of the ventromedial
striatum [182]. This part of the striatum sends an inhibitory projection to the
ventral pallidum which in turn sends GABA-ergic, inhibitory fibers to the
MD (reviewed in [131]). Because the pallidal neurons have relatively high
spontaneous firing rates, activity in the PFC or amygdala that activates the
striatum and in turn activates the ventral pallidum may release the MD from
the inhibitory pallidal influence, potentially disinhibiting transmission
through the limbic-thalamo-cortical circuitry (reviewed in [131]). Notably,
repeated stress results in hyperexcitability in the BLA in rodents [183],
although whether the mechanisms underlying these changes involve changes
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in afferent modulation of the amygdala or alterations in synaptic plasticity
remains unclear.

The BLA sends anatomical projections to the central nucleus of the amyg-
dala (ACe) and the BNST, and projections from these structures to the hypo-
thalamus, PAG, locus coeruleus, raphe, nucleus basalis, and other diencen-
cephalic and brainstem nuclei play major roles in organizing neuroendocrine,
neurotransmitter, autonomic, and behavioral responses to stressors and emo-
tional stimuli [184, 185]. The OMPFC sends overlapping projections to each
of these structures and to the amygdala that function to modulate each com-
ponent of emotional expression [186]. The neuropathological changes evident
in the OMPFC in BPD and mood disorders arising secondary to neurological
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Figure 5. Anatomical circuits involving the orbitomedial PFC (OMPFC) and amygdala reviewed with-
in 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 nucle-
us of the amygdala (ACe) and the bed nucleus of the stria terminalis (BNST). The efferent projections
from these structures to the hypothalamus, periaqueductal grey (PAG), nucleus basalis, locus
coeruleus, raphe, and other diencencephalic and brainstem nuclei then organize the neuroendocrine,
neurotransmitter, autonomic, and behavioral responses to stressors and emotional stimuli [184, 185].
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 expres-
sion [4]. Impaired OMPFC function thus may disinhibit or dysregulate limbic outflow through the
ACe and BNST. Solid white lines indicate some of the major anatomical connections between struc-
tures, 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., [189]). Other abbreviations: 5-HT – serotonin; 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 [188].



disorders thus may impair the modulatory role of the OMPFC over emotional
expression, disinhibiting, or dysregulating limbic responses to stressors and
emotional stimuli (reviewed in [7]). These data suggest that during depressive
episodes the increased activity seen within some OMPFC areas reflects a com-
pensatory response that modulates depressive symptoms, and impaired func-
tion of these regions (possibly due to the neuropathological changes in BPD)
may result in more severe and treatment-refractory illness.

Summary

Convergent results from studies conducted using neuroimaging, lesion analy-
sis and post mortem techniques support models in which the signs of BPD
emanate from dysfunction within an extended visceromotor network that inter-
feres with this system’s modulation of emotional behavior. Mood stabilizing
and antidepressant therapies may compensate for this dysfunction by attenuat-
ing the pathological limbic activity that putatively mediates depressive symp-
toms [8] and increasing expression of neurotrophic/neuroprotective factors
that preserve the function of the OMPFC [187].
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Abstract

Acute depression is the condition for which bipolar patients most often seek treatment. The
foundation of evidence-based practice is the practitioner’s obligation to inform the patient of
proven therapies that may exist to treat their condition. The best guidance for meeting this
obligation in clinical practice comes from double-blind, placebo-controlled trials with ade-
quate sample size, referred to in this chapter as Category A evidence. This level of evidence
is currently available for only four pharmacological treatments, lamotrigine, olanzapine plus
fluoxetine, olanzapine monotherapy, and quetiapine. Interestingly, the most common treat-
ment for bipolar depression – the adjunctive use of standard antidepressants along with lithi-
um or valproate – has not been shown to be effective in any Category A study. Additional
treatments for bipolar depression are needed for the many depressed bipolar patients who do
not respond adequately to currently available treatments. Several classes of medications
show promise for these patients. Exploring the variety of mechanisms by which these med-
ications work may shed light on the pathophysiology of bipolar disorder.

Introduction

The debate over litigation arising from the care of a patient with bipolar dis-
order suffering from depression played an important role in the ascension of
evidence-based practice. Lessons illustrated by this case remain relevant to
care nearly two decades later. As articulated by Klerman [1] in testimony and
publications, American psychiatrists began referring to the right of patients to
be informed about evidence-based treatments. The resulting perspective
helped move psychiatric practice from a position where any school of thought
could be cited as sufficient basis for justifying care given to patients to a posi-
tion that granted primacy to clinical trial data. Today, proven treatments are
preferred over unproven treatments, even while we acknowledge that unproven
does not mean that a treatment is necessarily ineffective.

Bipolar depression remains a clinical challenge, and debate over its treat-
ment continues into the 21st century. Although abnormal mood elevation is the
cardinal diagnostic feature of bipolar disorder, depression is more than three
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times as common as episodes of mood elevation and represents the doorway
through which bipolar patients most often enter treatment [2].

This chapter will review the state of evidence supporting pharmacological
treatments for bipolar depression. Management of the acute phase of bipolar
depression remains controversial. While this largely reflects a continued
scarcity of high quality studies, the past decade has seen the publication of the
first fully-powered, placebo-controlled trials for bipolar depression as well as
a number of new therapeutic agents.

State of the evidence

All published evidence is not created equal. 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 [3]. Table 1 offers a simple grading system intended to
help the reader draw distinctions between these studies. Over the past 5 years,
clinicians treating bipolar disorder have seen a healthy increase in the number
of agents with Category A evidence. Comparison between these agents, how-
ever, is not as simple as comparing outcomes across studies or calculating an

effect size. Direct head-to-head studies are required to confidently compare
medications.

Approach to clinical management

Recognition of bipolar depression

Patients with bipolar depression, by definition, meet criteria for a current
major depressive episode and a lifetime history of bipolar disorder. To make
the diagnosis, a clinician must determine whether the patient has experienced
clinically significant abnormal mood elevation in the past. Confident diagno-
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Table 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 sample size; 
controlled studies without randomization

C: Naturalistic or open-label trials/non-experimental descriptive studies or case control 
studies

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

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



sis of bipolar depression requires the identification of at least one specific
episode meeting criteria for mania or hypomania. Thus, the pathway to appro-
priate treatment requires recognition of a clinical state other than that observed
at the time the patient presents for treatment. Guidelines and quality standards
are beginning to recognize the importance of inquiring about a past personal
or family history of mania in the assessment of every patient with acute
depression [4]. While data from DSM field trials show high rates of agreement
for acute mania and reasonably good rates for acute depression [5], these stud-
ies do not guide clinical practice on the reliability of eliciting a past history of
mania or hypomania from a currently depressed patient. Bipolar disorder can-
not be ruled out in the absence of input from collateral sources, particularly in
the face of severe acute depression [6]. Care of bipolar depression can be
greatly facilitated by clear documentation in the medical record of an index
episode of hypomania or mania.

Initiation of sequential measurement-based treatment

The patient’s right to evidence-based treatment necessitates that clinicians be
aware of treatments supported by adequate clinical trial data (Category A evi-
dence) and that these be offered to patients. Where multiple treatment options
are supported by high quality evidence, it is appropriate to present these
options to patients as a menu of reasonable choices [3]. Revicki [7] has shown
that bipolar patients are generally able to weigh the risk benefit tradeoffs pre-
sented by clinicians, which is requisite for patient participation as collabora-
tors in formulating their treatment plan. Thus, patients who are non-responsive
to a treatment can be offered each of the reasonable options sequentially based
on the patient’s preference.

Integrating routine outcome measurement

After patients have agreed to use a medication, it is useful for patients and their
doctors to agree on how progress will be measured [8, 9]. While formal
depression severity scales such as the Hamilton Depression Rating Scale
(HAM-D) or self report scales like the Inventory of Depressive Symptoms
(IDS) have the virtue of generating numbers, even raw symptom counts pro-
vide serviceable aides to navigating a complex and changing clinical course.
The clinical monitoring form and waiting room self-report form, used at the
Massachusetts General Hospital Bipolar Clinic are available at www.manicde-
pressive.org. Using these measures facilitates individualized management in
which beneficial treatments are continued, and ineffective or intolerable treat-
ments are withdrawn. The pitfalls of repetitious indecisive trials can be avoid-
ed by carrying out each intervention with sufficient dose and duration to
declare a definitive outcome (beneficial, ineffective, or intolerable).
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Options supported by Category A Evidence (at least one positive
adequately powered double-blind, placebo-controlled, clinical trial)

Lamotrigine

Calabrese and colleagues [10] first demonstrated the efficacy of lamotrigine for
treating bipolar depression. In this 7-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, sig-
nificant improvements over placebo were found for key secondary endpoints,
such as change in Montgomery-Asberg Depression Rating Scale (MADRS) and
CGI-BP (Clinical Global Impression for Bipolar Disorder Scale) mean scores.
Lamotrigine was not associated with an increased risk of Treatment Emergent
Affective Switch (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. In a recent meta-
analysis of monotherapy studies lamotrigine did demonstrate efficacy in the
acute treatment of bipolar depression, despite results not reaching statistical sig-
nificance in four out of five placebo-controlled studies [11].

Nierenberg and colleagues [12] randomized Bipolar I and II patients with
depression who were unresponsive to at least two trials of standard antide-
pressants combined with mood stabilizers to receive open treatment with lam-
otrigine (150–250 mg), risperidone (up to 1–6 mg), or inositol (10–25 g). This
Systematic Treatment Enhancement Program for Bipolar Disorder (STEP-BD)
randomized, open-label study reported positive results for lamotrigine (24%
‘recovered’) compared with risperidone (5% ‘recovered’). Outcomes for inos-
itol (17% recovered) did not significantly differ from either risperidone or lam-
otrigine.

Van der Loos and colleagues showed a statistically significant benefit for
lamotrigine over placebo as an adjunct to lithium for bipolar depression [13].
In addition, Brown and colleagues randomized bipolar depressed patients to
receive either lamotrigine or combined treatment with olanzapine and fluoxe-
tine (OFC) [14]; although response rates were generally comparable between
the groups, lamotrigine was associated with significantly less weight gain,
sedation, dry mouth, and tremor than combined treatment with OFC.

Olanzapine and OFC

The only fully-powered, placebo-controlled trial examining these agents is
particularly valuable because it involves a direct comparison between two
active arms and a placebo control. Tohen and colleagues [15] randomized
Bipolar I depressed subjects to receive placebo (n = 355), olanzapine
(n = 352), or OFC (n = 82) and reported a statistically significant advantage
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for olanzapine over placebo. OFC was found to have superior efficacy to olan-
zapine monotherapy as well as placebo. The groups did not differ in treatment-
emergent antidepressant switch (TEAS) rates. The study by Brown and col-
leagues [14] mentioned above was a double-blind, 7-week, controlled trial that
randomized Bipolar I depressed patients (n = 205) to OFC or lamotrigine.
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, somno-
lence, dry mouth, and tremor.

Quetiapine

There are five adequately-powered, double-blind, placebo-controlled trials
demonstrating the efficacy of quetiapine for bipolar depression. The first of
these [16] was a double-blind trial (BOLDER I) that randomized 542 patients
with bipolar depression to placebo, quetiapine 300 mg, or quetiapine 600 mg
[9]. Both dosages of quetiapine resulted in significantly higher response rates
(58%) compared to placebo (36%) at 8 weeks, as well as a significant advan-
tage over placebo on mean change from baseline in MADRS score. No differ-
ences between the groups were found in TEAS rates. These results have
recently been replicated by two subsequent trials with similar design (one of
which used the extended release form of quetiapine). Two additional studies
used variations on the same design with the addition of an active control; one
study used lithium and the other used paroxetine. These yielded results for
placebo and quetiapine that were similar to the prior study outcomes, but nei-
ther of the active control groups differed from placebo.

Importantly, the overall study results include outcomes for patients with
Bipolar I and Bipolar II disorder [16, 17]. Because most other studies exclud-
ed patients with Bipolar II disorder, it is worth noting that quetiapine is the
only agent that has shown a statistically significant benefit in the treatment of
Bipolar II depression [16, 17] and has the largest effect size (.91 and 1.09, for
300 and 600 mg/day of quetiapine in the BOLDER I study, respectively)
observed in any trial for Bipolar I disorder. Slightly lower effect sizes were
observed in subsequent studies, likely reflecting the impact of expectancy fol-
lowing BOLDER I and the tendency of trials with more arms to have higher
placebo response rates.

Standard antidepressant medications

Until recently, clinical management of bipolar depression was extrapolated
from accumulated experience and research in treating unipolar depression due
to the dearth of evidence for bipolar patients. More than two dozen agents have
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been approved by the US Food and Drug Administration, or other regulatory
authorities, for treating unipolar depression. The appropriateness of these
agents for bipolar patients cannot be determined based on studies of unipolar
depression, because the mechanisms by which these drugs act remain poorly
understood and because the trials establishing the efficacy of these agents typ-
ically excluded bipolar patients.

In this century, a total of five Category A studies have been reported involv-
ing imipramine (one study), paroxetine (three studies) and bupropion (one
study) with bipolar patients (see Fig. 1).

The first Category A study for bipolar depression was reported by Nemeroff
and colleagues [18]. This study randomized depressed Bipolar I subjects treat-
ed with lithium (0.5–1.2 mmol per liter) to double-blind adjunctive treatment
with placebo, paroxetine, or imipramine. Overall, this study found no benefit
for paroxetine or imipramine over placebo on any of the efficacy measures.
Among the subgroup with lithium levels between 0.5 and 0.8 mmol/L, how-
ever, there was a significant advantage for patients receiving paroxetine. No
differences were found between the groups in the rate of TEAS. Unfortunately,
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 car-
ried out by STEP-BD. This National Institute of Mental Health sponsored dou-
ble-blind study randomized 366 patients to receive treatment with a mood sta-
bilizer (lithium, carbamazepine, valproate) and placebo or a mood stabilizer
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Figure 1. In a pooled analysis of patients with Bipolar I disorder from two randomized controlled tri-
als (BOLDER I and II), effect sizes were 0.78 and 0.80 for quetiapine 300 and 600 mg/daily dosages,
respectively [39]. In a study of olanzapine versus olanzapine + fluoxetine (OFC) in combination,
effect sizes were .32 and .68, respectively [15]. When lamotrigine 200 mg and 50 mg were compared
versus placebo, effect sizes were .18 and .34, respectively [10].



and an antidepressant (bupropion or paroxetine) [19]. There were no group dif-
ferences in regards to subjects’ likelihood of achieving a durable recovery
(eight consecutive weeks euthymic) (27% in placebo group and 24% in anti-
depressant groups), their TEAS scores (10–11%, both groups), or other out-
come measures. Thus, there was evidence of neither benefit nor harm in
adjunctive use of bupropion or paroxetine.

In summary, no Category A study has found a statistically significant bene-
fit to adding a standard antidepressant to lithium, carbamazepine, or valproic
acid. OFC was superior to treatment with placebo and superior to treatment
with olanzapine monotherapy, but this single study represents the only avail-
able high-quality evidence supporting the practice of administering a standard
antidepressant medication to depressed patients with bipolar disorder [15]. The
degree to which this finding generalizes to combining fluoxetine with other
agents, or the possibility that olanzapine might potentiate other agents, is
unclear.

Studies without placebo control

The Stanley Foundation Bipolar Network (SFBN) conducted a randomized,
double-blind comparison of adjunct bupropion, sertraline, or venlafaxine to
ongoing mood stabilizer treatment in 159 patients with bipolar disorder [20,
21]. 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 (1-year duration). The rate of TEAS was higher in
patients with Bipolar I disorder (30.8%) than in those with Bipolar II disorder
(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 6-week, randomized, single-blind trial, Vieta and colleagues [22] com-
pared the efficacy of mood stabilizers with adjunctive paroxetine (n = 30) to
mood stabilizers with adjunctive venlafaxine (n = 30), and found no significant
differences in terms of treatment response rates between the groups (paroxe-
tine 43%, venlafaxine 47%). Rates of TEAS were 3% in the paroxetine group
and 13% in the venlafaxine group. Silverstone and colleagues [23] compared
the antidepressant efficacy of moclobemide (n = 81), and imipramine (n = 75)
in patients with bipolar disorder, 64% of whom were prescribed concomitant
mood stabilizers. 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 [24] evaluated the efficacy of fluoxetine in a ran-
domized, double-blind, placebo-controlled study (n = 34). Significant reduc-
tions in mean HAM-D and MADRS ratings, without an increase in YMRS
scores, were reported in the active and placebo groups. These investigators also
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reported that in patients with bipolar depression who received 8 weeks of open-
label fluoxetine treatment, 48% showed a HAM-D reduction of greater than
50%, while 7.3% developed TEAS (YMRS ≥8) [25]. Other small double-blind
studies of standard antidepressant use in bipolar depression include those of
add-on tranylcypromine [26, 27] and desipramine versus bupropion [28].

Studies without randomization

Altshuler and colleagues [29] reported quasi-experimental results from the
SFBN. Among the 1,078 patients with bipolar disorder, about 50% became
depressed and had a standard antidepressant added to their treatment regimen.
15% of these patients, for whom there was a clinical intent-to-treat with a stan-
dard antidepressant, achieved remission. A comparison of remitted patients
(depending on whether antidepressants were continued for more than 6 months
or discontinued before 6 months) revealed that 20–25% experienced a relapse
into depression over the first 4 months regardless of whether or not antide-
pressants were continued. Significantly lower rates of relapse into depression
over 1 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 discontinua-
tion are not apparent; for example, treatments may have been discontinued due
to lack of efficacy. A similarly designed study [30] reported 1-year outcome
rates of antidepressant treatment in 59 patients with bipolar depression and
found comparable results, which are also subject to the same limitations.

A STEP-BD study reported a quasi-experimental comparison of outcomes
for 1,000 patients with bipolar disorder treated openly and followed prospec-
tively for 1 year. In this sample, 18% of patients experienced the onset of a new
depressive episode, including 5% who had multiple depressive episodes [31].
Outcome analysis for the first depressive episode revealed no statistically sig-
nificant advantage to adding standard antidepressant medications compared to
subjects managed without a standard antidepressant. Rates of TEAS were
14.6% irrespective of the use of standard antidepressants.

Meta-analyses and systematic reviews

Gijsman and colleagues [32] reported a meta-analysis of 12 randomized, con-
trolled trials on the efficacy and safety of antidepressants for the short-term
treatment of bipolar depression, and found antidepressants to be significantly
more effective than placebo. A similar analysis for the TEAS data from these
studies indicated that, overall, antidepressants did not cause higher rates of
TEAS than placebo, but an association was found for the subgroup treated
with tricyclic antidepressants. Several caveats pertain to translating these meta-
analysis findings into clinical use. Chief among these is that the results do not
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support the use of any one antidepressant. The ‘response rates’ used in the
meta-analysis were overestimates of drug effectiveness because the studies
based response solely on depression outcomes; thus the count includes suc-
cessful responses cases in which a switch to mania had occurred. For instance,
about 25% of the responders in the tranylcypromine and imipramine studies
became manic [26]. The TEAS findings are also limited by the lack of any for-
mal assessment for TEAS in most studies. Meta-analyses are most appropriate
as a means of pooling underpowered homogeneous studies and are less desir-
able when high-quality, fully-powered studies are available.

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 effi-
cacy of lithium to placebo. Prior to 2008, relevant studies were limited to small
placebo-controlled studies, crossover studies, or non-randomized samples. The
recently completed AstraZeneca-sponsored comparison of lithium, quetiapine,
and placebo showed no benefit for lithium compared to placebo. 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; lithium is widely used by the eligible population and
lithium-responsive subjects would have been 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 received lithium cannot prove lithium’s efficacy, but may
nonetheless be instructive for clinical practice. The efficacy of lithium can be
estimated to some extent based on the aforementioned double-blind trial by
Nemeroff and colleagues [18], in which no overall benefit was found for the
addition of standard antidepressants to lithium compared with lithium
monotherapy at lithium levels ≥0.8 mEq/l. Where lithium was dosed at levels
≤0.8 mEq/L, add-on antidepressant treatment was more beneficial than lithi-
um monotherapy [18]. This finding suggests that subtherapeutic lithium levels
are less effective than therapeutic lithium levels, but does not allow any con-
clusions to be drawn about the relative efficacy of lithium compared with anti-
depressants or placebo.

Valproate

Evidence supporting the antidepressant properties of valproate is limited.
Three small placebo-controlled trials suggest valproate may have beneficial
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effects for bipolar depression [33–35]. 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 treat-
ment effect in a large, open case-series, Lambert (1966) found moderate
improvement in only 22% of 103 ‘manic-depressive’ patients treated with val-
promide; this likely discouraged use of valproate in a manner similar to Cade’s
reported impression that lithium was ineffective for depression [36]. Because
Lambert’s series also largely comprised subjects who would be classified as
having unipolar depression according to DSM-IV criteria, the question of val-
proate’s antidepressant efficacy for bipolar patients remains open.

Carbamazepine

Controlled studies supporting the efficacy of carbamazepine in bipolar depres-
sion are scarce. Post and colleagues [37] published a randomized, double-blind
study of 35 patients with bipolar depression. They found at least mild improve-
ment in symptoms (CGI ratings) in 57%, and a more substantial improvement
in 34.3% of patients treated with carbamazepine. This group also conducted a
meta-analysis of carbamazepine treatment in unipolar and bipolar depression
(including several small, open-label, and controlled studies), reporting that
response rates to carbamazepine treatment were observed in 56% of open-
label trials and 44% of controlled studies [38].

Conclusion

The right of patients to be made aware of evidence-based treatment options
carries with it a need for practicing clinicians to be aware of the treatment
options supported by Category A evidence. Currently, only four medications
meet Category A criteria for use in bipolar depression: lamotrigine, olanzap-
ine, OFC, and quetiapine. Regardless of whether patients accept these treat-
ments, a measurement-based approach provides a systematic means of work-
ing towards individualized treatment.

Finally, this chapter has focused on the acute treatment of bipolar depres-
sion with currently available therapeutics. Chapter 12 of this volume, by
Zarate and Manji, explores the utility of novel therapeutics currently under
investigation for the treatment of bipolar depression.
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Abstract

The goal of pharmacological treatment of bipolar disorder is to prevent future occurrences of
mood episodes. To achieve this goal, medications must demonstrate efficacy in the preven-
tion of both manic/hypomanic and depressive relapses/recurrences. Currently, the efficacy of
most pharmacological agents in the maintenance treatment of bipolar disorder has been stud-
ied using relapse prevention designs, in which only patients who tolerate and respond to a
studied drug(s) in the acute phase (mania or depression) can enter the maintenance phase.
Subsequently, the results from relapse prevention studies are not generalizable, not only
because of the design, but also because of different index mood episodes. So far, however,
only lithium and lamotrigine, and to some extent divalproex, have been investigated in both
manic and depressive index episodes, while olanzapine and aripiprazole have been evaluat-
ed in manic index episodes. To facilitate the application of currently available data, this chap-
ter will systematically examine randomized, blinded, controlled maintenance studies
enrolling ≥100 patients and lasting ≥6 months.

Introduction

Symptomatic patients with Bipolar I disorder experience depressive symptoms
three to four times more commonly than manic symptoms [1], while sympto-
matic patients with Bipolar II disorder experience depressive symptoms
approximately 39 times more commonly than hypomanic symptoms [2]. In a
prior report of 593 subjects who screened positive for bipolar disorder, mod-
erate to extreme impairment in work, social life, and family interactions
occurred significantly more often from depressive than manic symptoms [3].
In addition, significant psychosocial impairment during illness-free periods
was more strongly predicted by the number of past depressive episodes than
past manias [4, 5]. Moreover, there is a higher risk for suicide in bipolar dis-
order than in other major psychiatric disorders, particularly during depressive
episodes [6–8].
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From these findings, it is evident that the prevention of acute major depres-
sive episodes is critical in order to reduce the morbidity and mortality associ-
ated with bipolar disorder. This necessarily involves the discovery and imple-
mentation of more effective treatments during the maintenance phase.
Disappointingly, the prevention of bipolar depression during maintenance
treatment is less well studied compared with the prevention of mania. More
importantly, most maintenance studies have used relapse prevention designs
instead of prophylaxis designs. “In the prophylaxis design, any patient who is
euthymic, regardless of how that person got well, is eligible to be randomized
to drug versus placebo or a comparator. In the relapse prevention design, only
those patients who respond acutely to the drug being studied are eligible to
enter the maintenance phase, when they are randomized to remain on the drug
or be switched (usually abruptly) to placebo and/or an active
comparator…Thus results from a prophylactic design are generalizable,
whereas those from a relapse prevention trial are not.” (p. 709) [6]. Evidence
suggests the index mood episode often predicts the polarity of future relapse
at different times after remission [9], but it also may predict different respons-
es to treatment (see below) [10]. Likely, results from patients initially present-
ing with mania may not be applicable to those initially presenting with depres-
sion or vice versa. Even results from studies with the same index mood polar-
ity may not be generalizable because of differences in inclusion and exclusion
criteria or other variations in study designs. Therefore, an understanding of
these differences is important when considering generalizability to clinical
practice. To achieve this goal, we will provide an overview of the various trial
methodologies and summarize key efficacy findings from existing bipolar
maintenance studies.

Methodology in bipolar maintenance research

Although there is little consensus on the methodology of bipolar maintenance
studies, the methods that have evolved the most include study enrollment,
study design, outcome measures, and statistical analysis [6, 11]. These com-
ponents can directly affect interpretation of the results and will be reviewed
independently.

Study enrollment

Due to different inclusion and exclusion criteria, selection biases stemming
from study enrollment are unavoidable. Most early maintenance studies pub-
lished between 1970 and 1976 tended to evaluate small cohorts of patients,
typically from 5 to 40 patients per arm. Most studies only enrolled patients
who were hospitalized. At the time of these early studies, concepts such as
Bipolar II disorder, secondary bipolar disorder, and rapid cycling were not yet
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introduced into practice; only mood-congruent psychotic features were
allowed. Furthermore, the use of hospitalization to confirm a diagnosis of
mania was commonly employed. Consequently, patients with mania enrolled
into the early studies tended to have classic euphoric mania. After redefining
the criteria for the diagnosis of mania in DSM-III in 1980 and permitting out-
patients into the study, more recent maintenance studies probably included
less-impaired patients who were more likely to respond to placebo treatment
[11].

Study design (crossover versus parallel)

Crossover designs were used in some early lithium maintenance studies. In a
typical crossover study, each patient’s response under treatment A is compared
with his or her response under treatment B. The advantage of this design is the
increased homogeneity of the study population. The primary disadvantage
associated with the use of a crossover design is the increased risk for false-pos-
itive results due to abrupt discontinuation of the initial treatment [11].

In a parallel study design, all patients are randomized to different treatments
at the beginning of the study. The advantage of the parallel design is that it is
less dependent on the crossover design’s assumption that each individual
patient has a similar disease process prior to and during a treatment, and gen-
erally produces a lower dropout rate because each patient is exposed to only
one treatment. The primary disadvantage of the parallel design is the distur-
bance caused by spontaneous remissions or erratic, short-lived fluctuations in
mood states. Most maintenance studies have used an open label stabilization
phase in which all patients receive active drug(s), followed by random assign-
ment to different treatment arms in a parallel fashion. The ‘enriched’ nature of
the sample tends to increase homogeneity, similar to the crossover design. Like
the crossover scheme, the parallel discontinuation design used in most recent
maintenance studies might also inflate the response of the studied drugs.

Outcome measures

Most early lithium studies did not measure mood severity with standardized
rating scales, such as the Hamilton Rating Scale of Depression (HAM-D) or
the Young Mania Rating Scale (YMRS). Typically, these trials evaluated effi-
cacy through general indices of outcome during the study period. Such out-
comes included the number of manic and depressive episodes, the probability
of relapsing into a manic or depressive episode, experiencing a relapse severe
enough for hospitalization, or experiencing a relapse severe enough for a phar-
macological intervention. More recent maintenance studies have used stan-
dardized rating scales to quantify the minimum severity for an index episode
or DSM-IV criteria for a mood episode. The advantage of using rating scales
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is that they can detect rather minor changes in illness severity. However, they
are limited by their cross-sectional assessment of a period of 7 days prior to
the completion of the rating scale. Some recent studies have used the time to
intervention as a primary outcome measure, but each individual study has its
own criteria for intervention [11].

Statistical analyses

Early maintenance studies used responder analyses with little or no distinction
between primary and secondary outcome measures. The proportion of patients
who experienced a relapse or recurrence was commonly compared [12–14]
with the exception of one study that used additional Kaplan-Meier life table
analysis [15]. This approach is inadequate for a maintenance study because it
does not consider the length of time that patients remain well before relapsing.
A further drawback of this method is that the number of patients withdrawing
prematurely without experiencing a relapse is either ignored or analyzed incor-
rectly.

The use of survival analysis has become the standard method of examining
data from bipolar disorder maintenance studies. Relapse prevention trials typ-
ically assess the length of time after open stabilization, starting at the point of
randomization and ending when relapse or recurrence has occurred. These sur-
vival 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 relapsed/recurred). There are several methods available to conduct sig-
nificance testing on time-to-event data, including log rank, Cox proportional
hazards, and the Wilcoxon two-sample test. The log rank test is the most com-
monly used method and was used in the lamotrigine/Lamictal® [16–18], arip-
iprazole/Abilify® [19], and olanzapine/Zyprexa® maintenance studies [20].
Cox regression testing was used in the other olanzapine maintenance studies,
presumably because of its flexibility, which permits the use of multiple pre-
dictors and covariates [21, 22]. In the divalproex/Depakote® maintenance
study, life-table methods were constructed to compare survival curves using
the Wilcoxon test because of this method’s sensitivity to early group differ-
ences [23]. However, the primary problems with survival analysis techniques
derive from sample size and drop-outs. As the sample size decreases over time
due to drop-outs, a survival analysis is most valid for the earlier portion of the
curves, where there are a larger number of patients in the study [6].

The index mood episode

In relapse prevention studies, an index mood episode (a presenting mood
episode) is commonly used to start a trial of a study drug, although each study
has its own severity requirement (Tab. 1). The importance of the index mood
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episode is that not only may it bring patients into acute treatment; it may also
predict the mood polarity of future relapses, as well as treatment response.
After reviewing 11 published articles, Calabrese and colleagues concluded that
patients presenting with depression for a maintenance study tended to relapse
into depression, and that those presenting with mania tended to relapse into a
manic, hypomanic, or mixed episode with a ratio of about 2:1 to 3:1; this was
particularly true during the first few months after randomization [24].
However, the polarity of a new mood episode differed depending on the time
after randomization from an index mood episode. Relapses within the first 90
days were more likely to be of the same polarity as the index mood episode,
while relapses after 180 days were more likely to be of the opposite polarity
as the index mood episode [9]. Furthermore, in a post hoc analysis of a bipo-
lar maintenance study [10], Shapiro and colleagues found that lithium
monotherapy or the combination of lithium and imipramine were superior to
imipramine alone in prevention of relapses in patients presenting with mania,
but not in those presenting with depression.

Clearly, any drug must be studied with different index mood episodes, and
the study must last long enough to show a spectrum of efficacy in the preven-
tion of early and later mood relapses. However, due to the nature of bipolar dis-
order, no consensus has been achieved for the ideal duration of a bipolar main-
tenance study. Investigators have purported that ‘pure’ maintenance efficacy of
maintenance studies cannot be established if the study duration is shorter than
6 months [6, 25]. Therefore, in this chapter, randomized, blinded, controlled
trials with an index episode of mania or depression enrolling ≥100 patients and
lasting more than 6 months will be systematically reviewed.

Agents studied in both manic and depressive mood episodes

So far, only lithium and lamotrigine have been studied in patients presenting
with a manic or depressive episode. In most early studies, patients were
‘enriched’ with lithium monotherapy or a lithium + imipramine/Tofranil®
combination before they were randomized. In recent studies, patients have
been ‘enriched’ with lamotrigine (Tabs 1 and 2).

Lithium or lithium + imipramine (mildly enriched)

Lithium’s observed acute antimanic efficacy led to mania being studied as the
index episode for a number of early maintenance studies. In response to criti-
cisms raised over the use of crossover designs in some early lithium studies
and the skepticism relating to its maintenance efficacy, Prien and colleagues
(1973) published two randomized, single-blinded (rater-blinded) prospective
maintenance studies [12, 13]. In these studies, hospitalized manic patients
were stabilized with lithium (lithium-enrichment) and hospitalized depressed
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(bipolar or unipolar) patients were stabilized with lithium-imipramine (lithi-
um-imipramine-enrichment) after the remission of an acute episode, and prior
to discharge from the hospital (Tab. 1). After stabilization, depressed patients
were randomized to receive lithium, imipramine, or placebo [12]. In the pri-
mary outcome analysis, bipolar patients treated with placebo or imipramine
experienced more episodes than patients receiving lithium. However, the dif-
ferences were statistically significant during months 5 to 24, but not at the 4
month endpoint. The superiority of lithium in preventing any mood episode
relapse compared to imipramine and placebo was further demonstrated when
the 24-month data were analyzed as a whole [14]. The difference between the
lithium and the imipramine groups was due almost entirely to the higher inci-
dence of manic episodes in the imipramine group. However, the difference
between the lithium and placebo groups was due to both manic and depressive
episodes (Tab. 2).

In the mania study [13], patients were randomized to receive lithium or
placebo after stabilization. 70 of 104 patients on placebo had at least one
severe relapse compared to only 31 of 101 on lithium (p < 0.001), but no sig-
nificant difference was found in the rate of moderate relapses between the two
groups. Analysis of first or second year results yielded similar findings.
Despite the fact that stabilizations were carried out after remissions (mild
enrichments) of the acute episodes for both studies, these results may not be
generalizable to modern clinical practice due to the unstructured diagnostic
criteria for bipolar disorder. Furthermore, as with other early prospective stud-
ies, the abrupt discontinuation of lithium in the placebo or imipramine group
might have inflated the effect of lithium.

In order to provide more definitive data regarding the long-term preventive
treatment of recurrent affective illness, Prien and colleagues (1984) published
a double-blinded study of lithium, imipramine, or both in a mixed group of
patients with mania, bipolar depression, or unipolar depression [15]. In con-
trast to the prior studies that enrolled only hospitalized patients, this study per-
mitted the inclusion of outpatients. In addition, diagnoses were based on the
Research Diagnostic Criteria (RDC), which were used to define major depres-
sive or manic episodes. Subjects were also required to have a Global
Assessment Scale (GAS) score of ≤60, but hospitalization was not required
(Tabs 1 and 2).

The primary analysis showed no difference in the rates of depressive recur-
rence among the three groups (Tab. 2). However, there was a significantly
higher rate of manic recurrence in the imipramine monotherapy group than in
the lithium monotherapy group (Tab. 2). The Kaplan-Meier life-table analysis
showed that lithium alone and lithium in combination with imipramine were
superior to imipramine monotherapy in delaying the recurrences of mood
episodes. When analyzed by the study index mood episode, patients with a
manic or mixed episode responded much better to lithium alone or in combi-
nation with imipramine as compared with imipramine alone, with correspon-
ding success rates of 53%, 47%, and 8% respectively. By contrast, there were
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no significant differences among the three treatments for patients with a
depressive index episode, with corresponding success rates of 22% for lithium,
18% for the combination, and 9% for imipramine alone.

Allowing outpatients into the study and using less restricted treatment dur-
ing the open-label phase made the results of this study more generalizable.
However, like many other early studies of lithium, the time to relapse into
mania or depression was not used as a primary outcome. Again, the abrupt dis-
continuation of lithium in the imipramine alone group might have increased
the risk of relapse for this group.

In a post hoc analysis of this study that used Kaplan-Meier survival analy-
sis (product-limit method) and a Cox regression model [10], Shapiro and col-
leagues not only replicated the initial findings, but also determined that
patients with a manic index episode who took imipramine were almost 11
times more likely to have a recurrence than subjects taking lithium, and five
times more likely than those taking the combination. More importantly, among
patients with a depressive index episode, the treatments differed significantly.
The combination was significantly superior to imipramine, but it failed to
reach statistical superiority to lithium alone. Patients with a depressive index
episode taking imipramine were three times more likely to suffer a recurrence
than those taking the combination. During a 24 month period, the estimated
median time in remission for those with a manic index episode was not calcu-
lable for the lithium alone group because fewer than half of patients relapsed;
time in remission was 14.8 months for those patients taking the combination,
and 3.1 months for those taking imipramine alone. The median time in remis-
sion for those with a depressive index episode was 3.4 months for lithium, 7.6
months for combination, and 4.8 months for imipramine, respectively. This
post hoc analysis highlighted the limitations of statistical analyses performed
in previous studies.

Lamotrigine (moderately enriched)

The efficacy of lamotrigine in the maintenance treatment of bipolar disorder
was compared with lithium and placebo among patients with both mania and
depression index episodes [16, 17]. The design of these two studies was quite
similar except for the study index mood episode (Tabs 1 and 2). Patients were
‘enriched’ by responding to open treatment with lamotrigine adjunctively or as
monotherapy prior to randomization. In the depression study [16], the median
times to treatment intervention were 93 days for placebo, 170 days for lithium,
and 200 days for lamotrigine (combined 200 mg/day and 400 mg/day). Both
lithium and lamotrigine were superior to placebo in prolonging the time to
intervention for any mood episode (Tab. 2). Lithium and lamotrigine did not
differ from each other on this measure. The median times to depression inter-
vention were similar between lithium and placebo, but significantly longer
with lamotrigine as compared with placebo. On the other hand, the median
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time to mania intervention was significantly longer in lithium- than placebo-
treated subjects. Once again there was no significant difference between lithi-
um and lamotrigine. The rates of depression relapse were lower in the lamot-
rigine group, but rates of manic relapse were lower in the lithium group
(Tab. 2).

In the mania study [17], both lamotrigine and lithium were significantly
superior to placebo on the median time to intervention for any mood episode
(141 days for lamotrigine, 292 days for lithium, and 85 days for placebo).
Lamotrigine and lithium did not differ from each other on this measure.
Lamotrigine, but not lithium, was superior to placebo at prolonging the time to
a depressive episode. Lamotrigine and lithium did not differ on this measure.
In contrast, lithium, but not lamotrigine, was superior to placebo at prolonging
time to a manic/hypomanic/mixed episode. A trend favored lithium over lam-
otrigine on this parameter (p = 0.09). There were fewer incidences of depres-
sive relapse in the lamotrigine group, but fewer incidences of manic relapse in
the lithium group (Tab. 2).

These trials represent the first studies ever conducted in a Bipolar I popula-
tion in which lithium differentiated from placebo using DSM-IV criteria and
modern survival analytic methods, providing some of the strongest evidence
available for the efficacy of lithium in the maintenance treatment of bipolar
disorder. By using time to intervention for an emerging mood episode as the
primary outcome measure, the threshold for detecting a treatment ‘failure’ was
essentially lowered, improving the overall sensitivity for mood worsening
[16]. Both studies also slowly tapered lithium for those subjects who received
lithium during the open-label phase, rather than abruptly discontinuing the
dose. However, these studies have several methodological limitations. In the
depression study, comparisons between lithium and lamotrigine are problem-
atic because of the unbalanced design and because the a priori primary effica-
cy analysis combined lamotrigine 200 mg/day and 400 mg/day. As with other
studies, in both studies patients with co-morbid anxiety disorders (except for
generalized anxiety disorder), substance use disorders, or those who were cur-
rently suicidal were excluded. In addition, both studies employed an
‘enriched’ double-blind discontinuation design, and only about half of patients
entering the open-label phase were randomized with completion rates of ≤20%
(Tabs 1 and 2).

Lithium and divalproex (moderately enriched)

The efficacy of lithium in the maintenance treatment of bipolar disorder was
also compared with divalproex in a lithium-divalproex ‘enriched’ group with
rapid cycling Bipolar I or II disorder. Although a history of at least one episode
of hypomania, mania, or a mixed episode within 3 months of the study was
required (Tab. 1), 58% of patients presented with depression, 36% with hypo-
mania/mania/mixed state, and 7% with euthymia at the screening visit [18].
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The primary analysis did not find significant differences between lithium and
divalproex in the time to treatment for a mood episode, the time to premature
discontinuation for any reason, the time to treatment for depression, and the
time to treatment for a hypomanic/manic/mixed episode. The rates of mood
episode relapse were also similar between the two groups (Tab. 2).

Several aspects of the study design were innovative. The open-label stabi-
lization extended up to 6 months, which was longer than any of the previous-
ly conducted maintenance studies. The results from the combination of dival-
proex and lithium, two commonly used treatments for bipolar disorder, are
likely to be clinically meaningful. The 20-month duration of the maintenance
phase of this study was also longer than most recently conducted maintenance
studies in bipolar disorder. More importantly, this study included 62% of
patients with Bipolar II disorder that other recent maintenance studies did not
include. However, the study had several limitations: 1) the sample size was
modest; 2) lithium levels were kept at a minimum of 0.8 mEq/L and divalproex
levels at a minimum of 50 μg/ml, which might have disadvantaged the dival-
proex arm; 3) because the combination of lithium and divalproex possessed
better acute and continuation efficacy for mania/hypomania than depression,
more patients with depressive episodes not responsive to the combination
might have been excluded from the maintenance phase; and 4) this study only
included patients with rapid cycling. Therefore, the results might not be appli-
cable to other populations.

Agents only studied in manic episodes

The trend of using mania as a study index episode for maintenance trials has
continued unabated in recent years (Tabs 1 and 2). In addition to the limita-
tions of relapse prevention trials, the data from a manic index mood episode
may not be applicable to patients presenting with a depressive episode [10]
(although lithium and lamotrigine have been studied in both index mood
episodes, showing similar results regardless of the index mood state [16, 17]).
However, a discussion of these mania studies may shed light on the efficacy of
these agents in preventing depressive relapses.

Aripiprazole (highly enriched)

Aripiprazole is the second atypical antipsychotic to be studied in the mainte-
nance treatment of bipolar disorder with a manic index mood episode [19].
This study used the most stringent criteria to date to define stability before ran-
domization, i.e., YMRS total score ≤10 and MADRS score of ≤13 maintained
for at least six consecutive weeks (Tabs 1 and 2). At the end of week 26, the
time to relapse was significantly longer for the aripiprazole group. A second-
ary analysis determined that aripiprazole was superior to placebo in delaying
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manic relapse, but no significant difference was observed in the time to depres-
sive relapse (Tab. 2). Overall, aripiprazole-treated patients had significantly
fewer mood relapses and manic relapses than placebo-treated patients, but
there was no significant difference in rates of depressive relapses between the
two groups (Tab. 2). The double-blind phase was extended to an additional 74
weeks. At the end of 100 weeks, the results were similar. In addition to other
potential limitations (Tabs 1 and 2), this study was limited by the fact that only
36% of patients completed the open-label treatment, the lowest in a non-rapid
cycling population.

Olanzapine (highly enriched)

Among antipsychotics, olanzapine is the most studied antipsychotic in the
maintenance treatment of bipolar disorder [20–22]. The studied population
was either ‘enriched’ with olanzapine monotherapy [21], olanzapine combina-
tion therapy with lithium [20], or olanzapine adjunctive therapy to mood sta-
bilizers [22]. All olanzapine maintenance studies were extensions of acute
mania studies in which only those patients who tolerated and responded to the
treatments were randomized (Tabs 1 and 2). In the monotherapy study [21], the
estimate median time to symptomatic relapses was significantly longer in
patients treated with olanzapine compared to that of placebo (Tab. 2). For
relapse into mania or depression alone, the estimated 25th percentile time to
relapse was significantly longer in the olanzapine group than in the placebo.
The rates of symptomatic relapse into any mood were significantly lower in
olanzapine-treated patients. However, olanzapine was more effective in pre-
venting manic relapse than depressive relapse (Tab. 2). Similar results were
also observed among those subjects who received a combination of olanzapine
and lithium during the open-label treatment [20]. Olanzapine and lithium did
not significantly differ in the proportion of patients who had a depressive
recurrence. However, significantly fewer olanzapine-treated patients had the
recurrence of a manic or mixed episode. In contrast, in patients who had inad-
equate response to mood stabilizer during the first two weeks, the efficacy of
adjunctive olanzapine to mood stabilizer was not robust even in the prevention
of manic relapses [22] (Tab. 2).

These three olanzapine maintenance studies possess unique features. In the
monotherapy study [21], the time to symptomatic relapse was used as the pri-
mary outcome measure, which may detect patients with symptoms before clin-
ical intervention. In addition, hazard ratios were calculated to quantify the
magnitude of difference between olanzapine and placebo in the odds of relaps-
ing into a mood episode. In the lithium-olanzapine enriched study [20], a
4-week period of discontinuation was employed to minimize the withdrawal
effect associated with the discontinuation of lithium and olanzapine. Potential
limitations of the three studies are summarized in Tables 1 and 2.
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Lithium, divalproex, or both (mildly enriched)

In the first maintenance study employing modern methods such as DSM-III
diagnostic criteria for bipolar disorder, time to intervention as a primary out-
come, and survival analysis methodology [23], the efficacy of divalproex was
compared with lithium and placebo in Bipolar I patients who had a recent
manic episode (Tab. 1). In the primary analyses, the time to development of any
mood episode did not differ significantly among the treatment groups, although
a trend was observed favoring divalproex over lithium (p = 0.06). Some sec-
ondary outcome measures also favored divalproex over lithium (Tab. 2).

One should interpret these negative results cautiously. First, the lithium
group had a larger proportion of patients who dropped out of the study due to
intolerance or to non-compliance with treatment. Second, fewer patients were
randomized to the lithium group than to divalproex because of a 2:1:1 ratio of
assignment, which reduced the power for lithium-placebo comparisons.
Another factor that might have contributed to the surprisingly good outcomes
in the placebo group was that patients with milder forms of bipolar disorder
were selected for this group; thus, the disease burden was milder in the ran-
domized patients than the non-randomized. Although the treatment during the
open-label phase was at the discretion of clinicians, the sample was somewhat
‘enriched’ with divalproex, lithium, or both.

Conclusions and clinical implications

Data from these relapse prevention trials have shown that lamotrigine and lithi-
um are effective in preventing depressive and manic relapses, respectively,
regardless of the index mood episode polarity. Both olanzapine and aripipra-
zole are effective in preventing manic, but not depressive relapses when
patients present with mania. The efficacy of divalproex in maintenance treat-
ment requires further study. Obviously, the generalizability of these results is
limited, not only because of differences inherent to each individual trial, but
also because of the universal exclusion of patients with co-morbid conditions
such as substance use disorders, anxiety disorders, and those with severe sui-
cidality. Therefore, when choosing an agent for maintenance treatment of
bipolar disorder, it should always be kept in mind that most maintenance stud-
ies to date only enrolled patients with Bipolar I disorder during a manic
episode, and that all these results were biased in some way because of the
relapse prevention design.

Although results from a relapse prevention study are not generalizable, this
design will continue to be used because of regulatory requirements for approv-
ing new drugs or indications, commercial interests in bipolar research, and the
feasibility of conducting a study [11]. There will never be a perfect study even
with a prophylaxis design. Future studies should not only focus on efficacy, but
should also strive for improved generalizability. The generalizability of a
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relapse prevention study can be increased by broadening the inclusion criteria
of the study and using less ‘enriched’ treatments during the open-label phase.

Furthermore, the restricted inclusion criteria of most published studies to
date can often exclude patients with severe illness. Because placebo response
rates in less-impaired patients are higher, it is difficult to detect differences
between a study drug and placebo if only less severely ill patients are enrolled
into the study. However, the inclusion of the severely ill may pose legal and
ethical challenges. Use of randomized add-on designs such as those employed
in the epilepsy studies may help relieve this problem [11]. Gradual discontin-
uation of open-label drugs may reduce ‘false’ efficacy of the studied drugs
whether it is a crossover or a parallel scheme. Because the polarities of mood
episodes are different from the index mood episode at different times after ran-
domization [9], the duration of any study – prophylaxis or relapse prevention
– should last long enough (at least 12 months), and analyses should be divid-
ed into the first 6 months and afterward so that a spectrum of efficacy in the
prevention of early and later relapses can be demonstrated. These early and
late relapses may represent different pathological processes. In terms of analy-
sis, the time to event survival analysis data and rate of occurrence of manic or
depressive episodes should be reported; this will provide information on how
fast, how often, and what kind of mood episodes occur. In addition, hazard
ratios should be calculated to quantify the magnitude of difference between a
drug and placebo on the odds of relapsing into a mood episode.

In conclusion, it is clear that more longitudinal maintenance studies for
bipolar depression are urgently needed, especially in patients presenting with
an index depressive episode. Achieving adequate methodological rigor without
sacrificing overall study feasibility has become an important scientific focus.
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Abstract

Non-pharmacological somatic treatments have a long history in the care of patients with
bipolar disorder. Indeed, electroconvulsive therapy (ECT) is the biological intervention with
the longest history of continuous use in psychiatry, and it remains the most effective acute
treatment available for either unipolar or bipolar depression or mania. This chapter discuss-
es the therapeutic properties of ECT in the acute treatment of bipolar depression, mania, and
unipolar depression. It also reviews the essential limitations of ECT – its adverse cognitive
effects and high rates of relapse. The chapter introduces new developments in this field that
have created forms of ECT administration that dramatically reduce the frequency and sever-
ity of adverse cognitive effects. These include critical alterations in the administration of
ECT, such as the use of ultrabrief electrical stimuli, and the development of new forms of
convulsive therapy, particularly Magnetic Seizure Therapy (MST) and Focal Electrically
Administered Seizure Therapy (FEAST). Additional novel interventions such as repetitive
transcranial magnetic stimulation (rTMS), deep brain stimulation (DBS), and vagus nerve
stimulation (VNS) are also reviewed.

Introduction

The pharmacological treatment of bipolar disorder has always presented key
challenges. Results of the recent national study of unipolar depression,
Sequenced Treatment Alternatives to Relieve Depression (STAR*D) have gen-
erally indicated that response and remission rates are disappointingly low and
that large percentages of patients do not achieve substantial improvement if
they have not benefited from two adequate treatment trials [1]. Furthermore,
relapse is both more rapid and more likely in patients who prospectively man-
ifest treatment resistance during sequential pharmacological trials. Similarly,
the national study of bipolar depression, Systematic Treatment Enhancement
Program for Bipolar Depression (STEP-BP) found disappointingly low rates
of sustained recovery when paroxetine or buproprion were added to a mood-
stabilizing agent, and these rates did not differ from the group receiving a
mood-stabilizing agent and placebo [2].

In addition to high rates of treatment resistance in bipolar depression, phar-
macological management has been beset by two other major conundrums.
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There is considerable concern that exposure to antidepressant medications
may induce or exacerbate symptoms of agitation in bipolar patients and in
some cases result in a switch into a hypomanic or manic state. For example,
44% of the first 500 patients to enter the STEP-BP study retrospectively
reported a switch to a hypomanic, manic, or mixed states within 12 weeks of
starting antidepressant treatment [3]. This seemed especially likely in patients
with short duration of illness, exposure to multiple antidepressant trials, and a
previous history of switching. An independent concern was raised during the
era when tricyclic antidepressants (TCAs) and monoamine oxidase inhibitors
(MAOIs) were the mainstays of antidepressant treatment. It was suggested that
these agents, while often effective in the acute treatment of bipolar depression,
could accelerate the progression of illness, resulting in shorter periods of
euthymia and, in some cases, inducing rapid-cycling [4]. These concerns about
the limitations of pharmacological treatment in bipolar depression are accen-
tuated with respect to the management of bipolar mania, where there is a high
rate of morbidity and mortality and an especially great need for rapid and
effective treatment.

Non-pharmacological somatic treatments have a long history in the care of
patients with bipolar disorder. Indeed, electroconvulsive therapy (ECT) is the
biological intervention with the longest history of continuous use in psychia-
try, and it remains the most effective acute treatment available for either unipo-
lar or bipolar depression or mania [5]. That is a powerful statement, as it sug-
gests that ECT is one of the few treatments with therapeutic properties in the
acute treatment of either bipolar depression or mania, and, even more remark-
ably, that it is likely the most effective acute treatment available for either con-
dition. The essential limitations of ECT – its adverse cognitive effects and high
rates of relapse – are discussed below [6–8]. However, new developments in
this field have created forms of ECT administration that dramatically reduce
the frequency and severity of adverse cognitive effects. These include critical
alterations in the administration of ECT, such as the use of ultrabrief electrical
stimuli [9], and the development of new forms of convulsive therapy, particu-
larly Magnetic Seizure Therapy (MST) [10] and Focal Electrically
Administered Seizure Therapy (FEAST) [11].

ECT has developed to the point that the total exposure of the brain to an elec-
trical stimulus over a complete course of treatment may be less than 1/10th of
a second. The electrical stimulus that is applied is less than one amp at the scalp
surface and markedly less than that in neuronal tissue. Thus, a weak and
remarkably transient electrical stimulus results in the most profound acute anti-
depressant and antimanic effects seen in bipolar disorder. Because the intensity
of the electrical stimulus is known not to result in neuronal injury, and because
this stimulus is ‘ephemeral’, having no ‘metabolites’, residue, or other long-
term physical existence in the brain, the therapeutic properties of ECT must
result from the brain’s response to being stimulated in this fashion. In essence,
ECT is a paradigm for how endogenous neural processes can produce profound
antidepressant and antimanic effects, if triggered in an appropriate fashion.

180 H.A. Sackeim



This observation provides the essential rationale for a host of other brain
stimulation technologies that do not rely on seizure induction as part of their
therapeutic mechanisms of action. ECT is a model where an intense single
train of stimulation produces an ictal event that, in turn, results in a large set
of neurochemical, neurophysiological, and neuroanatomic alterations, some of
which are targeted at seizure suppression, some of which are intrinsic to the
electrical stimulation (independent of whether a seizure occurs), and others
that may be seizure-induced, but are not critical in seizure termination. In other
words, it has become apparent in recent years that electrical stimulation of the
brain, independent of whether seizures are produced, results in neurochemical
release; the specifics of the magnitude and type of neurotransmitter and pep-
tides involved depends on the intensity and patterns of stimulation. Beyond
neurochemical alterations, electrical stimulation of the brain can enhance or
block signal transmission, and perhaps in some cases, improve signal-to-noise
ratios compromised by damage in distal regions. Consequently, the field of
brain stimulation, currently in its initial development, opens the possibility for
focal control of neurochemical alterations, second messenger processes, and
modulation of brain communication systems in ways that have never been
achieved with pharmacological interventions. This chapter reviews both what
is known about current brain stimulation technologies in the treatment of bipo-
lar depression, and highlights potential new developments.

Electroconvulsive therapy

Ladislas von Meduna, acting under a view common at the time that there was
an intrinsic antagonism between epilepsy and schizophrenia, introduced con-
vulsive therapy. While others had tried blood transfusion across these illness-
es, von Meduna tested the bold concept that exogenously-induced seizures
might reduce symptoms in patients with schizophrenia. Using camphor in oil
as the induction method, he reported that a remarkable number of patients with
a diagnosis of schizophrenia showed marked symptomatic improvement with
this method [12]. This assertion proved controversial, because the predominant
view at the time in biological psychiatry was that the major forms of mental
illness were due to congenital or degenerative conditions and could not be
ameliorated, even palliatively, by any intervention. As a result of taking this
position, von Meduna lost his academic post. His method of chemical seizure
induction was quickly replaced by the use of Metrazol, a gamma aminobutyric
acid (GABA) antagonist that more reliably resulted in seizures. Convulsive
therapy was widely adopted worldwide.

In 1938, Cerletti and Bini in Rome demonstrated that electrical stimulation
was the preferred method of seizure induction. It had the advantages of ensur-
ing that only one seizure occurred, whereas recirculation was always possible
with chemical induction; more critically, seizure induction was instantaneous
after application of the electrical stimulus. This advantage was critical because
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chemical methods often involved a substantial delay, frequently resulting in
full panic attacks prior to seizure onset, and subsequent refusal of treatment.
The electrical stimulus itself was poorly conceived and basically varied only
as a function of the amplitude of the sine wave voltage waveform output by the
standard electrical grid, with crude control over the duration of exposure.
There was little consideration about whether this type of electrical signal was
optimal for neural tissue. Subsequent developments during the 1950s intro-
duced the use of muscle relaxants (first curare and then succinylcholine) to
block the convulsive motor manifestations of seizures. This innovation
markedly reduced the rate of vertebral fractures, but required the introduction
of general anesthesia. Whereas the application of the electrical stimulus invari-
ably resulted in loss of consciousness (for the most part, regardless of whether
a seizure was induced), the pre-application of a muscle paralyzing agent, and
the subsequent inability to breathe without assistance, necessitated for psy-
chological reasons the use of general anesthesia.

Soon after the introduction of ECT it was recognized that the intervention
had greater success in the treatment of mood disorders than schizophrenia, at
least in the short-term. Of course, diagnosis at the time had questionable reli-
ability, but the general consensus has been that in the middle of the 20th cen-
tury, mood disorders were under-recognized and schizophrenia over-diag-
nosed in the US. Thus, the observation that mood disorders responded at
remarkably high rates to ECT, and more so than patients with schizophrenia,
if anything, likely underestimated the true difference. Early on, Kalinowsky
and others would claim that approximately 80–90% of patients with depres-
sive illness would achieve remission after receiving approximately 6–12 treat-
ments with ECT [13].

This estimate, extending across unipolar and bipolar depressive conditions,
has not been realized in recent years. Regardless of treatment methods, remis-
sion rates with ECT are somewhat more modest [8, 9, 14–16]. This shift is
likely due to the fact that when ECT was introduced there were few, if any,
competing treatments, and ECT was commonly used at the outset. Today,
resistance to pharmacological treatments is the leading indication for the use
of ECT. Several, but not all, studies have found that degree of medication
resistance is predictive of ECT outcome, and that, in general, patients who
have not benefited from adequate psychopharmacology and/or who have long
durations of their current episode of depression have somewhat inferior out-
comes [15, 17]. Thus, remission rates on the order of 60–70% may be a more
realistic estimate, especially if remission is defined as maintaining nearly com-
plete symptomatic improvement for at least 1 week following the end of the
treatment course.

The extent of expected clinical improvement with ECT exceeds that of any
other known antidepressant treatment [5]. Typically, in ECT research the bar
is set higher for what is defined as response or remission than in standard phar-
macological trials, and yet the response and remission rates are higher, despite
the concentration of patients with treatment resistance who receive ECT. For
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example, in the STAR*D study, remission rates among unipolar depressed
patients who had not achieved adequate benefit after two pharmacological
treatments were roughly 10% [1]. Such patients would be expected to remit at
substantially higher rates if treated with ECT.

There is no evidence that the distinction between bipolar and unipolar
depression affects the likelihood of achieving response or remission with ECT.
Retrospective and prospective comparisons have generally indicated that both
forms of depression respond or remit at approximately the same rates.
However, there are two caveats to this claim. First, it has been shown that
patients with bipolar depression require fewer treatments to achieve response
or remission than patients with unipolar depression. This was first reported in
samples treated in randomized protocols at the New York State Psychiatric
Institute (NYSPI), with the observation that, on average, patients with bipolar
depression who responded or remitted required approximately 1.5 fewer treat-
ments than unipolar patients meeting the same outcome criteria [18]. This
observation was subsequently replicated in a very large naturalistic study of
patients treated in community settings [19].

This observation reflects a large effect, given that the bulk of clinical gains
with ECT are usually obtained within the first six treatments. Bipolar
depressed patients appear to achieve this benefit more rapidly. The only factor
known to have substantial impact on the speed of response with ECT is the
extent to which dosage exceeds seizure threshold, with higher dosage leading
to more rapid improvement [14]. However, multiple studies have failed to find
a difference in initial seizure threshold in bipolar and unipolar depression, and
in the studies at NYSPI, dosage was always adjusted to a specific level relative
to seizure threshold for all patients in a treatment condition. Bipolar patients
appeared to improve more rapidly regardless of whether they received right
unilateral or bilateral ECT or the particular dosage that was applied. This
would suggest that the neurophysiological response to exogenous seizure
induction may differ in bipolar and unipolar depression. For example, it has
long been speculated that it is the endogenous anticonvulsant response of the
brain in terminating the seizure that is critical to achieving antidepressant
effects [20], while others have noted that ECT results in remarkably rapid
onset of neuroplastic changes, including neurogenesis [21]. Thus, there are a
variety of avenues needing exploration to account for the more rapid onset of
benefit in bipolar depression.

The second area in which efficacy in bipolar depression may be altered per-
tains to the subset of patients with psychotic or delusional depression. It has
often been stated that psychotic features are over-represented in patients with
bipolar relative to unipolar depression, although this is not firmly established.
Regardless, most studies that have compared the efficacy of ECT in patients
with and without psychotic features have found higher rates of response and
remission in psychotic depression [5]. Until the advent of atypical antipsy-
chotic medications, only a very small minority of patients with psychotic
depression had received an adequate combined pharmacological trial prior to
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ECT; the dosage of antipsychotic medication considered adequate was often
intolerable, especially in the elderly, and especially when combined with the
available antidepressant medications [22]. Relatively low rates of established
medication resistance continue to characterize patients whose depression has
psychotic features, as treatment with ECT is also often considered due to clin-
ical urgency, history of response, and patient preference.

Two principal issues distinguish the management of the patient with bipo-
lar depression during ECT. The first pertains to concomitant pharmacological
agents and the second to the emergence of hypomania or mania. In general, in
the United States it had long been recommended that all patients be withdrawn
from psychotropic agents during ECT, with the exception of antipsychotics in
patients with psychotic features [5]. There was little evidence that concomitant
antidepressant medications enhanced clinical outcome, and some concern that
concomitant anxiolytics, especially benzodiazepines and perhaps anticonvul-
sants, interfered with the therapeutic process.

Recently, a large, multi-site study randomized unipolar and bipolar
depressed patients to concomitant treatment with placebo, nortriptyline, or
venlafaxine during the course of ECT (unpublished data). There was signifi-
cant enhancement of the therapeutic benefit in patients treated with nortripty-
line or venlafaxine relative to placebo, and some evidence that concurrent nor-
triptyline reduced the cognitive side effects of ECT. Over 20% of the 319 par-
ticipants in this study had bipolar depression and there was no evidence that
these results differed with polarity. Thus, this recent evidence may lead to a
revision of the longstanding view that antidepressants should be stopped dur-
ing the administration of ECT. For instance, in the intent-to-treat sample, the
remission rates following ECT among unipolar patients for those treated with
nortriptyline or placebo were 61.2% and 43.7%, respectively. The comparable
remission rates for bipolar depressed patients were 72.0% and 59.3%. This
reflects substantial outcome enhancement. 

Research in schizophrenia has supported the safety and clinical utility of
combining antipsychotic medications and ECT, with evidence for synergistic
clinical effects [23]. However, as regards mood disorders, there has long been
concern that agents with anticonvulsant properties, especially benzodiazepines,
may interfere with the seizure process and diminish efficacy. The evidence for
diminished efficacy is entirely circumstantial, stemming mainly from naturalis-
tic, retrospective studies. It is possible that the most agitated patients are the
most likely to receive the highest doses of these agents, thus confounding these
observations. Nonetheless, it is prudent to limit both benzodiazepine and anti-
convulsant use during ECT. Because ECT has profound anticonvulsant proper-
ties, often leading to a decrease in anticonvulsant dosage in epilepsy patients,
and because improvement is usually marked and rapid in psychic anxiety, these
dosage limitations are usually well tolerated. Another problematic issue is
exposure to lithium during ECT. It is well-established that a minority of indi-
viduals will develop a severe organic brain syndrome when the two are com-
bined, which diminishes rapidly once the lithium is stopped. For this reason,
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most expert groups recommend discontinuation of lithium during an acute ECT
course, or, at minimum, withholding doses the evening before a treatment [5].

The major limitations associated with ECT are its side effects, rates of
relapse, and patient acceptability. There is always the concern that treatment of
the patient in a mixed state or in bipolar depression will provoke a hypoman-
ic or manic reaction. This certainly does happen with ECT. However, careful
examination of the outcomes of hundreds of patients prospectively followed at
NYSPI show that such reactions occurred at remarkably small rates. The rea-
sons for this are unknown, but may reflect the antimanic properties of the treat-
ment and/or its marked anticonvulsant effects. There is little consensus on how
to manage emergent mania during ECT. Many practitioners will continue the
treatment if the symptoms are mild, but others terminate the ongoing course of
ECT, institute a new pharmacological regimen, and observe the patient for the
emergence of severe manic symptoms.

Only in recent years have the adverse long-term effects of ECT on memory
been documented. Both randomized and naturalistic studies have shown that
methods of ECT administration may substantially differ in their impact on the
degree of retrograde amnesia observed 6 months following treatment [7, 9].
Indeed, recent work has, for the first time, shown that the objective findings
can co-vary with patients’ subjective reports of deficits [24]. It has become evi-
dent that how ECT is administered can radically alter the likelihood of long-
term negative effects. For instance, the introduction of an ultrabrief form of
stimulation, when coupled with the right unilateral electrode placement, sub-
stantially reduces cognitive effects at all time points [9]. There is evidence that
older bipolar patients may at baseline have greater cognitive impairment, espe-
cially memory deficits, than similarly aged unipolar patients, presumably
because of their history of more frequent episodes [25]. However, there is no
evidence that bipolar patients are more at risk than unipolar patients with
respect to ECT’s cognitive side effects.

ECT is one of the only psychiatric treatments that is discontinued once
effective. Relapse is common following ECT-induced remission, and modern
prospective studies document that approximately 50% of remitted patients
relapse despite aggressive continuation therapy with pharmacological agents
or ECT; not surprisingly, medication resistance is a strong predictor of relapse
[9, 15, 16, 26]. However, as the STAR*D study highlighted, durability of ben-
efit appears to be a significant and general problem in the management of
depression, regardless of which treatment patients receive. Furthermore, and
although sample sizes have been generally small, there is no evidence that
relapse risk following ECT differs in unipolar and bipolar depression.

Magnetic Seizure Therapy (MST)

It has been established that the current paths of the ECT stimulus and the dos-
ing within those paths have profound effects on the efficacy and side effects of
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the treatment [14, 15, 27]. Yet, with traditional ECT, the high impedance of the
skull and other anatomic reasons limit the capacity to restrict current paths. A
treatment method that offers superior control over anatomic distributions of the
current, and greater precision in intracerebral dosing (current densities) should
be a major advance. Sackeim (1994) proposed that use of a time-varying train
of magnetic pulses might achieve these goals, and termed the intervention,
Magnetic Seizure Therapy (MST) [10]. Theoretically, the transparency of the
scalp and skull to the magnetic field would allow for greater anatomic preci-
sion, and the fact that dosage was primarily determined by distance from the
coil would limit deep stimulation and allow for greater dosing precision.

The future of this modality is uncertain. Preliminary studies are underway
and have generally shown a relatively low level of cognitive side effects but
uncertain efficacy [28, 29]. From an engineering standpoint, the major limita-
tion to MST is that it has not been possible to develop MST systems suffi-
ciently powerful to elicit seizures from regions in frontal cortex using coils that
maximize focality of stimulation. This limitation is especially problematic
because the extent that dosage is substantially above seizure threshold can be
a critical determinant of efficacy.

Focal Electrically Applied Seizure Therapy (FEAST)

FEAST is a new intervention that also offers the possibility of greater anatom-
ic precision in the site of seizure initiation. Sackeim (2004) reasoned that by
using unidirectional current flow, thus having a consistent anode and cathode,
and by altering the geometry of the electrodes, one could achieve greater pre-
cision in the anatomic distribution of currents paths [11]. The basic principles
underlying FEAST have been validated in limited research with non-human
primates and in a small open pilot investigation.

Repetitive Transcranial Magnetic Stimulation (rTMS)

One can induce current in neural tissue by exposing the tissue to a time-vary-
ing magnetic field. With a magnetic coil placed on the surface of the head,
anatomic resolution and distribution will be determined mainly by coil geom-
etry and detectable current densities can generally reach two centimeters deep.
A large number of open and blinded studies have raised the possibility that
repetitive stimulation at high frequency (>5 Hz) over the left dorsolateral pre-
frontal cortex (DLPFC) has antidepressant effects. A smaller number of stud-
ies suggest that slow stimulation (≤1 Hz) over the right DLPFC may have sim-
ilar effects. Several meta-analyses have concluded that randomized sham-con-
trolled trials have shown consistent antidepressant effects [30], and a large
industry-sponsored multi-site trial also reported generally positive findings
[31].
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Despite this evidence, there is controversy about the role of rTMS as an
antidepressant treatment, and it has yet to be approved by the FDA for routine
clinical use. The evidence is convincing that rTMS has a very strong safety
profile, with transient pain at site of stimulation. However, some question
whether the magnitude of the antidepressant effect is of clinical consequence,
and there have been methodological concerns regarding the adequacy of blind-
ing and other technical issues. Fundamentally, there is a need to amplify
rTMS’s antidepressant effects. This may occur through patient selection fac-
tors. For instance, in the industry trial, patients with the lowest levels of med-
ication resistance showed a robust clinical effect that was much diminished in
more resistant patients. Alternatively, there has been very little work optimiz-
ing rTMS stimulation parameters to amplify the clinical signal. As yet there is
no evidence that patients with bipolar depression differ in response to rTMS
from patients with unipolar depression.

Vagus Nerve Stimulation (VNS)

VNS is approved by the FDA specifically for treatment-resistant depression
(either unipolar or bipolar). 80% of the fibers in the vagus nerve are afferent to
brain, and basic research has shown that repetitive electrical stimulation of the
vagus nerve can have widespread effects on brain physiology and neurochem-
istry. In 1997, VNS was approved as a treatment for epilepsy due to its anticon-
vulsant properties. Subsequently, an initial pilot study in 60 patients suggested
that VNS had clinically significant long-term effects for depressed patients with
marked medication resistance [32]. A subsequent randomized, sham-controlled,
multi-site study failed to detect a difference between active and sham VNS after
a 10-week treatment period [33]. However, as in the pilot study, a substantial
number of patients were improved after a year. Notably, it also seemed that VNS
had remarkable durability of benefit [34]. A surprisingly large percentage of
patients who showed clinical benefit after starting VNS maintained that benefit
for periods of up to 2 years. Thus, it is possible that this intervention may take
a considerable amount of time to show antidepressant effects, and a high capac-
ity to maintain benefit when achieved. As yet, there is no evidence that unipo-
lar and bipolar depressed patients differ in response to VNS.

The absence of controlled data establishing the claims of late onset of action
and strong durability of benefit have limited patient access to VNS, due to the
reluctance of insurers to reimburse for the procedure. New studies are being
planned to address these challenges.

Deep Brain Stimulation (DBS)

Stimulation through electrodes indwelling in specified locations in the brain
offers unique opportunities to modulate specific pathways for therapeutic ben-
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efit. DBS is a FDA-approved treatment for dystonia, essential tremor, and
tremor in Parkinson’s disease. Evidence gleaned from the treatment of these
disorders suggest that there may be multiple entry points to modulate a net-
work for therapeutic purpose, and that these networks differ anatomically
among the movement disorders [35].

DBS in mood disorders is an experimental procedure with a small knowl-
edge base. The morbidity/mortality risk of DBS is significant due to the inva-
siveness of the procedure. Therefore, DBS in individuals with mood disorders
is only conducted in a research setting in patients with markedly resistant and
severe major depression. The experience so far has been limited to small,
open-label pilot studies. The targets for stimulation have been the anterior cin-
gulate in the work led by Mayberg [36], and the anterior limb of the internal
capsule in the work led by Greenberg [37].

Mood and movement disorders may differ in how rapidly treatment para-
digms are developed. First, knowledge of specific circuitry is less advanced in
the case of mood disorders. Second, the nuclei targeted within the striatum are
relatively small in the case of movement disorders, and yet specific location
within a nucleus is critical to outcome. In the case of major depression, the
structures most often implicated as targets for modulation are large gray mat-
ter areas like the anterior cingulate or right orbital frontal cortex. However, in
most contexts the DBS signal does not broadcast well over wide regions of
tightly packed grey matter. Thus, it is difficult to modulate over broad areas
and there is little knowledge to guide targeting to lower volume areas.
Consequently, the work by Mayberg and colleagues [36] has involved stimu-
lating the white matter under the anterior cingulate, hoping to modulate activ-
ity within the cingulate itself. Similarly, the group stimulating in the internal
capsule [37] are also stimulating white matter tracks that may act at distant
structures. Indeed, initial observations with this target suggest that therapeutic
effects in major depression may be contingent on use of high intensities of
stimulation.

The initial experience with DBS in treatment-resistant major depression has
been largely positive. Despite small sample sizes, unblinded and uncontrolled
trials, and many other caveats, both groups conducting this research have
achieved encouraging clinical outcomes, including the durability of the treat-
ment response. Other pilot studies of DBS have implicated the accumbens as
a target to specifically modulate anhedonia in depression. Randomized, blind-
ed, sham-controlled trials of DBS in treatment-resistant depression are now
being planned.
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Abstract

Existing pharmacological treatments for bipolar disorder (BPD), a severe recurrent mood
disorder, is in general insufficient for many patients. Despite adequate doses and treatment
duration, many individuals afflicted with this disease continue to experience mood episode
relapses, residual symptoms, and functional impairment. In contrast to the manic phase of the
illness where a fairly large variety of effective treatments are available, in bipolar depression
effective therapeutics are scarce. This is especially troubling because the long-term course of
BPD is dominated by recurrent depressive episodes and lingering depressive symptoms
rather than hypomanic/manic episodes. Novel therapeutics – that is, drugs that do not include
the existing antipsychotic, antiepileptic, and antidepressant medications – currently being
studied to determine their efficacy and safety in bipolar depression include modafinil,
pramipexole, N-acetyl cysteine (NAC), scopolamine, agomelatine, riluzole, memantine, ket-
amine, AMPA potentiators, ketoconazole, mifepristone, celecoxib, creatine, and uridine
RG2417. Further study of these drugs will investigate their clinical utility in bipolar depres-
sion, and further our understanding of relevant drug targets.

Introduction

Previous chapters of this volume explored the epidemiology, definition, clas-
sification, outcome, and currently used pharmacological treatments for bipolar
depression. However, it is becoming increasingly clear that current pharma-
cotherapies are insufficient for many patients with bipolar depression. For
instance, a large-scale study funded by the National Institute of Mental Health
(NIMH) failed to find any benefit to antidepressant use for patients with
Bipolar I and II depression over the course of 26 weeks [1]. In contrast to the
manic phase of the illness, where a fairly large variety of effective treatments
are available – most notably antipsychotic and antiepileptic agents – in bipo-
lar depression efficacious therapeutics are scarce. This is especially worrisome
because the long-term course of bipolar disorder (BPD) is dominated by recur-
rent depressive episodes and lingering depressive symptoms rather than hypo-
manic/manic episodes [2].

This chapter will review the efficacy and safety of several novel therapies
for bipolar depression. Promising drug targets and agents for bipolar depres-
sion involve several systems, including the melatonin and serotonergic
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(5-HT2C receptor) systems, the dopaminergic system, the glutamatergic sys-
tem, and the hypothalamic-pituitary adrenal (HPA) axis. In addition, the GSK
intracellular signaling cascade, the arachidonic acid cascade, and the oxidative
stress system appear to be worthy of further study. This chapter will review
several specific agents, including modafinil, pramipexole, N-acetyl cysteine
(NAC), scopolamine, agomelatine, riluzole, memantine, ketamine, alpha-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) potentiators,
ketoconazole, mifepristone, celecoxib, creatine, and uridine RG2417. Table 1
summarizes the use and profile of these drugs, all of which meet the category
of clinical evidence rating (see Ch. 9) of B, C, or D. The chapter does not
review studies in which the treatment of bipolar depression was not the pri-
mary issue. Omega-3 fatty acids will also not be reviewed here as they have
been extensively reviewed elsewhere (see [3]) and because a large, random-
ized, controlled study failed to find significant benefits for their use in bipolar
depression [4]. Finally, we will not review non-pharmacological somatic treat-
ments (see Ch. 11 for a thorough review of this topic).

Drugs that affect multiple systems

Modafinil

Modafinil is currently approved by the U.S. Food and Drug Administration
(FDA) as a wakefulness-promoting agent for the treatment of excessive day-
time sleepiness in narcoleptic patients [5]. The presumptive mode of action of
this drug is currently unknown, but is hypothesized to be multisystemic in ori-
gin. Modafinil has been reported to affect the following neurotransmitter sys-
tems: glutamate, GABA, hypocretin, and to a lesser extent, the dopaminergic
and noradrenergic systems [6].

Clinically, modafinil appears to benefit patients with mood disorders, par-
ticularly in cases where sedation is clinically troublesome. In a 6-week, ran-
domized, double-blind, placebo-controlled evaluation of modafinil (mean
daily dose 177 mg) in subjects with bipolar I or II depression who did not ade-
quately respond to mood stabilization with or without adjunctive antidepres-
sant therapy (n = 87), there was both greater baseline to endpoint change and
change in week 2 onwards in patients treated with modafinil than with place-
bo [7]. No manic switches were reported. In another study, Frye and col-
leagues (unpublished, reported in [8]) compared the add-on modafinil (100 or
200 mg in the morning for 3 weeks) to placebo in the treatment of patients
with BPD who also had residual fatigue, depressive symptoms, or both. The
study drug was significantly more effective than placebo on a variety of
scales, including baseline to endpoint change on the Inventory for Depressive
Symptoms (IDS), percentage response rate, remission rate, and Clinical
Global Impression (CGI) improvement. In addition, modafinil was not found
to be significantly associated with treatment-emergent mania. One published
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case report described a manic switch in a patient with treatment-resistant bipo-
lar depression who was treated with modafinil [9], and two cases of modafinil-
induced irritability and aggression in two BPD patients have also been
described [10].

The dopaminergic system and Bcl-2

Pramipexole

Pramipexole, a synthetic aminothiazole derivative, is a dopamine D2/D3
receptor agonist that is currently approved by the FDA for the treatment of
Parkinson’s disease. An abundance of data indicate that it has D3 preferring
effects (see [11]). Two small, randomized, placebo-controlled trials have
examined the effectiveness of pramipexole in the treatment of bipolar depres-
sion. Goldberg and colleagues randomized 22 patients with bipolar depression
to receive either pramipexole (1.0 to 2.5 mg/day) plus a mood stabilizer, or
placebo plus a mood stabilizer [12]. Pramipexole was well-tolerated, and more
patients in the pramipexole group achieved a ≥50% reduction from their base-
line Hamilton Depression Rating Scale (HAM-D) scores as well as a greater
mean change in their HAM-D scores over the 6-week study duration.
Additionally, the switch rates into mania and hypomania were not higher than
in the placebo group. Side effects were mild.

Zarate and colleagues randomized 21 BPD II patients to receive either
pramipexole (1.0–3.0 mg/day) plus a mood stabilizer, or placebo plus a mood
stabilizer [11]. They found that 60% of the participants in the pramipexole
group had a therapeutic response (as defined by a 50% reduction in
Montgomery-Asberg Depression Rating Scale (MADRS) scores) compared to
9% in the placebo group. Pramipexole appeared to be well-tolerated. These
encouraging results need confirmation by a Category A study.

Notably, pramipexole upregulates the anti-apototic protein Bcl-2 in several
brain areas [13, 14]; it is quite possible that lithium’s antidepressant potentiat-
ing effects may be due to its ability to similarly and robustly upregulate Bcl-2
[14], which has traditionally been viewed as a ‘long-term neuroprotective pro-
tein’. Future studies would have to investigate whether selective Bcl-2
enhancers without dopaminergic effects also have antidepressant effects in
bipolar depression.

Oxidative stress

N-acetyl cysteine (NAC)

There is increasing evidence that mood disorders are associated with oxidative
stress. Glutathione is the main antioxidant substrate in all tissue, and its pro-
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duction is rate-limited by its precursor, cysteine; notably, glutathione alter-
ations have been reported in BPD [15, 16]. NAC would thus increase glu-
tathione levels, leading to postulated benefits in BPD because of its antioxidant
properties. A recent study by Berk and colleagues reported that NAC was
indeed effective in the treatment of BPD [17], and the authors hypothesized
that NAC’s efficacy might be due to its effects on oxidative stress. In this ran-
domized, double-blind, multicenter, placebo-controlled study, 75 patients with
BPD were treated with NAC (1 g twice daily) during the maintenance phase;
NAC was added on to treatment as usual over 24 months followed by a 4-week
washout phase. The investigators found that NAC significantly improved
MADRS and most secondary scale scores by endpoint. Improvement was seen
in the Global Assessment of Functioning (GAF) Scale and the Social and
Occupational Functioning Assessment Scale (SOFAS) at 8 weeks, and the
MADRS at 20 weeks. The benefits obtained were lost shortly after discontin-
uing the study medication. There were no significant differences in side effects
compared to placebo; side effects numerically greater than placebo were
headaches (18% NAC, 8% placebo), heartburn (16% NAC, 8% placebo), and
increased joint pain (16% NAC, 8% placebo).

The cholinergic system

Scopolamine

Over three decades ago, Janowsky introduced the ‘cholinergic-adrenergic
imbalance hypothesis’ of BPD [18]. He postulated that an imbalance of the
regulatory processes of the cholinergic-adrenergic interface might be linked to
the pathophysiology of mood disorders, and indeed there is a lengthy history
of anticholinergic drug studies in mood disorders research. On a genetic level,
there is still little evidence that a dysregulation of the cholinergic system is
involved in BPD. One study found an association between 19 cholinergic
genes and BPD [19]. In animal models, it has been reported that rats bred for
an increased sensitivity of muscarinic receptors showed a behavioral pheno-
type similar to patients with depression; these animals presented with lethar-
gy, lack of pleasure, and behavioral despair [20]. In humans, cholinergic
hyperactivity results in a worsening of depressive symptoms in patients with
major depressive disorder (MDD) [18]. Experiments add further support to
this theory, as neuroendocrine and pupillary responses to cholinergic activity
were found to be supersensitive in depressed subjects [21] and attenuated in
manic subjects [22]; improvement of manic symptoms with lithium and val-
proate leads to normalization of pupillary responses [22].

Cannon and colleagues performed a positron emission tomography (PET)
imaging study in patients with BPD and found reduced muscarinic type 2
receptor binding in the anterior cingulate cortex [23]. Additional evidence for
an imbalance of the cholinergic system in BPD comes from small controlled
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trials with physostigmine (a short-acting cholinesterase inhibitor), which
found a rapid but only transitory reduction in manic symptoms following sin-
gle or multiple intravenous injections [24, 25]. Additional studies with the
cholinesterase inhibitor donepezil obtained mixed results in mania [26, 27].

As mentioned above, there is a lengthy history of anticholinergic drug
studies in mood disorder research. Initially, the tricyclic antidepressants were
believed to be largely effective due to their anticholinergic properties. Early
studies found that the anticholinergic drug biperiden had antidepressant prop-
erties in 10 severely depressed inpatients [28]. However, this neurotransmit-
ter system remained largely untapped for several decades, perhaps because
anticholinergic side effects were a fairly common complaint and reason for
discontinuing tricyclic antidepressants in depressed patients. More recently,
Furey and Drevets (2006) found that the antimuscarinic drug scopolamine
had significant antidepressant effects in subjects with either unipolar or bipo-
lar depression; these effects were reportedly of rapid onset (usually within 1
week) [29]. In the first of two studies, four testing sessions were performed
in random order under double-blind conditions, during which subjects
received a 15-min intravenous infusion of a saline placebo followed by three
doses of scopolamine hydrobromide (2.0, 3.0, and 4.0 μg/kg). In the second
study, subjects received a 15-min intravenous infusion of a placebo saline
solution or a single dose of scopolamine hydrobromide, 4.0 μg/kg. Patients
receiving scopolamine had no significant increase in manic symptoms, and
only one patient developed euphoria suggesting that the benefits of scopo-
lamine were not simply due to euphoria. Despite these promising results, the
potential side effect of inducing cognitive deficits will need to be addressed
when developing scopolamine or similar agents for use in the treatment of
BPD.

The melatonin and serotonergic (5-HT2C) systems

Agomelatine

The pineal hormone melatonin produces most of its biological effects via G
protein-coupled melatonin receptors (MT1 and MT2) that are mostly
expressed in brain. Some studies have reported that patients with BPD, the
non-affected offspring of probands with BPD, and monozygotic twins discor-
dant for BPD have an enhanced sensitivity of the melatonin suppressing effects
of light [30–32]. However, other investigators did not finding melatonin sup-
pression by light in euthymic BPD patients [33]. Initial reports of a significant
association between the Δ502–505 polymorphism in GPR50 (also known as
H9, melatonin-related receptor or ML1X, located on Xq28) and susceptibility
to BPD [34] have not been replicated [35]. The mood stabilizers lithium and
valproate were found to reduce melatonin light sensitivity in healthy volun-
teers [36, 37]. However, case reports and series indicate mixed results with
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melatonin in patients with BPD [38, 39]. No controlled studies of melatonin
have been published in BPD.

Agomelatine is a potent agonist of melatonin MT1 and MT2 receptors, and
5-HT2C antagonists have been reported to have antidepressant properties. In
vivo studies indicate that agomelatine increases both norepinephrine and
dopamine in frontal cortex. Chronic agomelatine treatment also increases cell
proliferation and neurogenesis in the ventral dentate gyrus, as well as
increased survival of these newly formed cells [40]. Agomelatine has antide-
pressant-like properties in animal models [41, 42] and in anxiety (as assessed
by the social interaction test and the Vogel conflict test) [43]; notably, anxiety
symptoms commonly co-occur in patients with mood disorders and have sig-
nificant negative prognostic implications.

Several large, multicenter, multinational, placebo-controlled, short-term
studies in MDD have found that agomelatine is a clinically effective and well-
tolerated antidepressant [44]. With regards to bipolar depression, 21 patients
with BPD I who were experiencing a major depressive episode and had a
HAM-D score of ≥18 were treated openly with agomelatine. All patients
received 25 mg/day of agomelatine for 6 weeks with a possible extension of
up to 46 weeks in combination with either lithium (n = 14) or valpromide
(n = 7). Using intent-to-treat data, 81% of patients met criteria for marked
improvement at study endpoint, and 47% responded as early as the first week
of treatment. Afterwards, 19 patients entered the 1-year extension phase of the
study, and, 11 completed it. There were no dropouts due to adverse events dur-
ing the acute phase of treatment (6 weeks), although six patients experienced
serious adverse events during the 1-year period. Three lithium-treated patients
experienced manic or hypomanic episodes during the optional extension peri-
od, one of which was treatment-related [45].

The glutamatergic system

Contemporary theories of the etiopathogenesis of BPD and recurrent MDD
posit that they result from alterations in cellular resilience and neuroplasticity,
and the glutamatergic system is being recognized as a likely contributor to the
impairments in brain neuroplasticity and cellular resilience observed in
patients with BPD. The preclinical evidence supporting the role of the gluta-
mate in the pathophysiology of depression or mechanism of action has been
summarized elsewhere [46]. Glutamate is the major excitatory synaptic neuro-
transmitter in the brain. Its crucial functions include mediating neurotransmis-
sion across excitatory synapses, and modulating various physiological func-
tions in the mammalian central nervous system (CNS) such as synaptic plas-
ticity, learning, and memory [47–50]. Excessive concentrations of glutamate
are hypothesized to be involved in the etiopathophysiology of several neu-
rodegenerative illnesses. Consequently, several drugs have been created in an
attempt to modulate these abnormal concentrations. Evidence that these com-
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pounds are neuroprotective in humans with ischemic/traumatic or neurode-
generative disease is still pending.

Several of the glutamatergic compounds being studied as neuroprotective
agents have either been or are now undergoing testing in ‘proof-of-concept’
studies in patients with severe mood disorders [14]. The glutamatergic modu-
lators that are being developed target either the glutamate receptors
(N-methyl-D-aspartate (NMDA), AMPA, metabotropic) directly or glutamate
before it is released into the extracellular space.

Emerging data indicate that glutamate has an important role in both acute
and long-term processes involved in the mode of action of antidepressants
and/or mood stabilizers. Synaptic potentiation (i.e., AMPA trafficking) by
enhancing AMPA throughput is thought to be involved in acute antidepressant
response, while the positive neurotrophic changes resulting from glutamater-
gic modulators are perhaps more relevant to reducing the recurrence of mood
episodes and minimizing the deleterious effects of chronic aberrant neuro-
biology.

Riluzole

Riluzole is a blood-brain-penetrant glutamatergic modulator with neuropro-
tective and anticonvulsant properties, and the only drug approved by the FDA
for the treatment of the degenerative motor-neuron disease amyotrophic later-
al sclerosis (ALS). It acts on the glutamatergic system in diverse ways, includ-
ing inhibiting glutamate release, enhancing AMPA trafficking by increasing
membrane insertion of AMPA subunits GluR1 and GluR2 [51], and enhancing
the activity of glutamate reuptake transporters (GLAST, GLT1, and EAAC1)
[52]. Riluzole is also known to stimulate the synthesis of growth factors,
including brain derived neurotrophic factor (BDNF) in cultured mouse astro-
cytes [53]; BDNF is implicated in the mechanism of antidepressant action and
was recently shown to have antidepressant-like properties in animal models
(Gerard Sanacora, personal communication).

Several clinical studies have found that riluzole has antidepressant effects in
patients with unipolar depression [54, 55]. Overall, riluzole was well-tolerated
in these trials. In bipolar depression, riluzole was studied in combination with
lithium [56]. In this study, significant reductions in MADRS scores comparing
endpoint with baseline were found for 14 bipolar depressed patients who
received riluzole (100–200 mg per day for 6 weeks). These preliminary results
need to be confirmed in controlled studies. In mice, pretreatment with riluzole
10 mg/kg, but not 3 mg/kg, moderately decreased amphetamine-induced, but
not MK-801-induced, hyperlocomotion [57]. This characteristic suggests that
riluzole might have ‘antimanic-like’ properties, although additional studies are
needed to confirm this.
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Memantine

Memantine is approved for the treatment of Alzheimer’s disease. Its principal
mechanism of action lies in the fact that it is a noncompetitive NMDA antag-
onist in a ‘use dependent’ manner (it enters and blocks the channel only when
there is an excess of extracellular glutamate concentrations). At doses of
5–20 mg/day, it is a fairly selective NMDA receptor antagonist with negligi-
ble affinity for other receptors that have been implicated in antidepressant
action.

Memantine has antidepressant-like effects [58, 59] in animal studies; in
human studies however, a double-blind, placebo-controlled trial of individuals
with MDD found that memantine had no antidepressant effects [60]. There is
only one report of memantine use in bipolar depression. In this case series
involving two patients, memantine at doses of 10–20 mg/day improved
depressive symptoms and cognitive performance in patients with BPD when
added to ongoing mood stabilizer therapy [61]. Further studies are necessary
to address its potential role in bipolar depression.

Ketamine

Contrary to the evidence presented above suggesting that memantine does not
possess antidepressant effects in patients with MDD, there is increasing proof
that the higher affinity NMDA receptor antagonist, ketamine, has antidepres-
sant effects. Two controlled studies found that ketamine resulted in rapid anti-
depressant effects in patients with treatment-resistant MDD [62, 63]. The
effects noted in the study by Zarate and colleagues were rapid (within 2 h),
robust, and relatively sustained (lasting approximately 1 week). Because of the
inherent propensity of the compound to produce cognitive deficits and psy-
chotomimetic effects, its use at this time remains limited to the research set-
ting. Studies with more selective subtype NMDA antagonists are underway, in
order to determine whether these have antidepressant effects that can occur
safely without causing ketamine’s undesirable side effects. Emerging data sug-
gest that ketamine’s antidepressant properties occur in part by enhancing
AMPA throughput [64]. Although no studies of ketamine’s effects in bipolar
depression have been conducted, the results obtained in patients with treat-
ment-resistant MDD are worth mentioning here. A trial evaluating the use of
ketamine in bipolar depression is currently underway at the NIMH.

AMPA potentiators

AMPA receptors are ionotropic receptors that play a major role in learning and
memory. These types of glutamatergic receptors mediate the fast component of
excitatory neurotransmission. Numerous classes of compounds modulate
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AMPA receptors by binding to their allosteric sites and are termed AMPA
receptor positive modulators or AMPA Receptor Potentiators (ARPs). ARPs
regulate AMPA receptors indirectly by slowing the receptor desensitization
rate and/or deactivation in the presence of an agonist (e.g., AMPA and gluta-
mate (see [65] for a review)). These compounds are under active investigation
as treatments for cognition, depression, anxiety, stroke, and Parkinson’s dis-
ease [66]. Chronic treatment with traditional antidepressants increases the
expression of AMPA receptors in hippocampal membranes and the phospho-
rylation of AMPA receptor subunits [46].

The effects of standard treatments for BPD (i.e., lithium, valproate, and
lamotrigine) on AMPA receptors suggest that those agents with a predomi-
nantly antidepressant profile – namely lamotrigine and riluzole – significantly
enhance the surface expression of GluR1 and GluR2 in a time- and dose-
dependent manner in cultured hippocampal neurons [51]. In contrast, the pre-
dominantly antimanic agents lithium and valproate significantly reduce sur-
face expression of GluR1 and GluR2 [67]. These findings imply that regula-
tion of GluR1/2 surface levels and function may be involved in the different
clinical profile of anticonvulsants, and suggests that drugs that mimic these
biochemical effects might have a similar therapeutic role.

The glucocorticoid system

Dysfunction of the hypothalamic-pituitary adrenal (HPA) axis has been well-
described in bipolar depression. For instance, hypercortisolemia may be cen-
tral to the etiopathogenesis of both depressive symptoms and the neurocogni-
tive deficits observed in BPD. Attempts to better normalize the effects of cor-
tisol, which may potentially restore HPA axis integrity, have been the focus of
recent research. The antiglucocorticoid agents studied in the treatment of
mood disorders include cortisol synthesis inhibitors (aminoglutethimide, keto-
conazole, and metyrapone) and corticosteroid receptor antagonists (mifepris-
tone and ketoconazole), as well as hydrocortisone, dexamethasone, and dehy-
droepiandrosterone (DHEA) (reviewed in [68]). Only a few of these com-
pounds have been tested in bipolar depression [69–72]. With regards to the
glucocorticoid synthesis inhibitors, fewer than 20 patients with bipolar depres-
sion have received this class of drugs; the largest study was an open-label add-
on, 4-week study of ketoconazole (up to 800 mg/day) in six patients [69].
Three patients who received a dose of at least 400 mg/day had substantial
reductions in depressive symptoms and no development of manic symptoms;
cortisol levels were not lowered in any of the subjects. The significant toxici-
ty risk and drug interactions associated with ketoconazole preclude its use on
a chronic basis for mood disorders.

Only one placebo-controlled study of an antiglucocorticoid for bipolar
depression has been performed [72]. Mifepristone (RU-486) is a non-selective
antagonist of the glucocorticoid receptor that has been reported to have anti-
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depressant and antipsychotic properties in patients with psychotic depression
(reviewed in [68]). Although a recent letter to the editor indicates that two
large Phase III studies failed to find significant antipsychotic or antidepressant
effects for mifepristone [73], a controlled study suggests that it may possess
antidepressant and cognitive enhancing properties in bipolar depression. In
this double-blind, placebo-controlled, crossover study, Young and colleagues
(2004) compared mifepristone (600 mg) to placebo in 20 subjects with bipo-
lar depression and found that, over the course of the 6-week study, neurocog-
nitive and mood symptoms improved [72]. If mifepristone is found to have
beneficial effects in bipolar depression, its use will most likely be limited to
acute depressive episodes; longer treatment could result in significant compli-
cations including adrenal insufficiency and hepatic injury [74]. A large con-
trolled study with mifepristone in bipolar depression is currently underway
(NCT0035912 by Alan Young at the University of British Columbia).

Glycogen synthase kinase-3 (GSK-3)

Glycogen synthase kinase-3 (GSK-3) is a serine/threonine kinase constitutive-
ly active in cells, and is deactivated by signals originating from numerous sig-
naling pathways (e.g., the Wnt pathway, the PI-3' kinase (PI3K) pathway, pro-
tein kinase A (PKA), and protein kinase C (PKC)) [75]. Preclinical evidence
implicates GSK-3 in either the direct or downstream mechanism of action of
many other mood stabilizers and antidepressants currently in use (see [76]). In
addition, GSK-3 modulates apoptosis and synaptic plasticity and may also
modulate the circadian cycle by modulating gene expression of proteins
involved in these processes. Recent animal behavioral data (from pharmaco-
logic and genetic models) have shown that manipulation of the GSK-3 signal-
ing cascade produces both antimanic and antidepressant effects in animal
models of depression and mania [76–78]. In attempting to achieve selectivity
for GSK-3 inhibition, it is critical to avoid the side effects that may occur with
GSK inhibitors, which have been putatively linked with cardiac hypertrophy
and cancer (due to upregulation of the Wnt pathway, which is common in
human cancers) [76].

No GSK inhibitors are included in Table 1 because none are currently avail-
able for clinical use.

Arachidonic acid metabolism

Celecoxib

There is increasing evidence for the involvement of the arachidonic signaling
pathway in BPD. Administration of the nonselective COX inhibitors
indomethacin and piroxicam in rats prevented amphetamine-stimulated loco-
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motor activity, and blocked cocaine sensitization (both are rodent models of
mania). Moreover, inhibition of COX-2 with NS-398 attenuated restraint
stress-induced oxidative changes (a model of depression). In olfactory bulbec-
tomized rats, the COX-2 inhibitor celecoxib showed antidepressant-like prop-
erties [79]. In a 6-week, double-blind, placebo-controlled trial in humans, cele-
coxib showed some antidepressant properties. Muller and colleagues (2006)
found that celecoxib (400 mg/day), when added to reboxetine in patients with
MDD, produced significant antidepressant effects compared to placebo [80].
Recently, a 6-week, double-blind, placebo-controlled trial found that celecox-
ib (400 mg/day) was effective in patients with Bipolar I or II depression when
added to ongoing mood stabilizer treatment; however, add-on celecoxib was
more effective than placebo only at week 1, not at study endpoint [81].

Notably, the extent of celecoxib’s ability to penetrate the blood brain barri-
er remains unclear. In addition, it is also presently unclear whether directly tar-
geting COX-2 is worthwhile, because selective COX-2 inhibitors may be asso-
ciated with an increased risk of adverse cardiovascular outcomes [82].

Bioenergetics

Creatine

Creatine plays an important role in brain energy homeostasis and altered brain
energy metabolism, and has been implicated in BPD. An open-label study con-
sisting of 10 treatment-resistant depressed patients (two of whom had BPD)
found that 3–5 mg/day of creatine monohydrate added to ongoing treatment
led to a significant improvement in depressive symptoms in patients with
MDD [83]. However, the two patients with BPD developed transient hypo-
manic/manic symptoms. Further studies are warranted to clarify the role of
creatine in BPD.

Uridine RG2417

Uridine RG2417 (Repligen corporation) – a biological compound essential for
the synthesis of DNA and RNA – is currently in development for the treatment
of neuropsychiatric disorders and neurodegenerative diseases. An earlier study
suggested that RG2133, the prodrug of RG2417, had antidepressant-like
effects in an animal model. RG2417 was recently found to be effective in a
Phase IIa multi-site study of bipolar depression. In this multicenter study, 84
patients received either RG2417 or a placebo twice a day (unpublished find-
ings). Over the 6-week treatment period, patients receiving RG2417 experi-
enced a statistically significant improvement in depressive symptoms com-
pared to those patients receiving placebo as assessed by the MADRS
(p = 0.03), and a strong trend towards improvement on the CGI-BP-C
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(p = 0.06). This study was conducted under a development agreement with the
Stanley Medical Research Institute (study ID # NCT00322764; study details
are available at: http://www.medicalnewstoday.com/articles/88213.php).

Conclusion

As this chapter has described, a number of targets/compounds could result in
putative treatments for bipolar depression. These include the melatonin and
serotonergic (5-HT2C receptor) systems, the dopaminergic system, the gluta-
matergic system, and the HPA axis. In addition, the GSK intracellular signal-
ing cascade, the arachidonic acid cascade, and the oxidative stress system all
merit further study. As detailed above, a number of drugs not in routine clini-
cal use are being used and studied in the treatment of bipolar depression. These
treatments are currently available (with the exception of uridine RG2417) but
are not anticonvulsants, antipsychotics, or conventional antidepressants. The
drugs reviewed here include modafinil, pramipexole, N-acetyl cysteine, scopo-
lamine, agomelatine, riluzole, memantine, ketamine, AMPA potentiators,
ketoconazole, mifepristone, celecoxib, creatine, and uridine RG2417. It is
important to emphasize that none of these drugs are FDA-approved for the
treatment of MDD or bipolar depression. In addition, most of the evidence pre-
sented here comes from case reports, case series, or proof-of-concept studies,
some with very small sample sizes. Thus, generalizability of such preliminary
findings to current clinical practice patterns would be premature. We believe,
however, that it is of considerable interest to understand where drug develop-
ment for BPD may be heading. Some other examples of candidate drugs for
BPD in early development are reviewed elsewhere [84].

A better understanding of the neurobiological underpinnings of BPD,
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. Of the pharmacologi-
cal agents reviewed here, modafinil, pramipexole, NAC, scopolamine, and
mifepristone have been tested and found to have antidepressant properties in
controlled studies. Larger controlled studies should be considered for these
compounds. This chapter does not review some important drug targets for
BPD – for instance, PKC – because this target has been implicated more in the
treatment of bipolar mania than bipolar depression. The reader is referred else-
where for more information on PKC [85].

Finally, future drug development will also need to focus on identifying
molecular targets. Following this path for drug development will result in a
better understanding of the cellular and molecular underpinnings of severe
mood disorders, and the manner in which they are associated with regional
impairments of structural plasticity and cellular resiliency [14]. Ultimately,
such ‘plasticity enhancing’ strategies may prove to be very useful in the treat-
ment of mood disorders.
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Abstract

Much is still unknown about late-life bipolar disorder (BPD), especially late-onset BPD. Late-
onset BPD may be etiologically different from early-onset BPD, and may be related to the
medical and neurological problems that can occur with aging; alternately, it may be an under-
lying progression of neurological illness associated with certain cases of BPD early in life.

Treatment of late-life BPD requires knowledge of ‘best treatment’ practices and an under-
standing of the effect aging has on psychopharmacotherapy. This chapter discusses the vari-
ous treatment options available to this population. These include the mood stabilizers (e.g.,
lithium) and anticonvulsants (e.g., valproate, lamotrigine) most often used to treat BPD, as
well as alternative treatments such as atypical antipsychotics and ECT. However, adequate
clinical trials that would provide good evidence-based treatment recommendations for late-life
BPD are not currently available. Therefore, extrapolation from trials in mixed-age populations
and adaptation to the older patient is necessary to establish treatment recommendations.

Introduction

The diagnosis of bipolar disorder (BPD) is based on a phenomenological pres-
entation of symptoms rather than etiological criteria [1]. Therefore, there is a
large heterogeneity of presentations in patients that may affect course, prog-
nosis, and response to treatment of the disorder. Several divisions have been
proposed that provide guidance in treatment decisions. For example, the cur-
rent phase of illness or the severity of symptoms at presentation for treatment
has been recognized by the American Psychiatric Association [1] and multiple
other expert consensus treatment guidelines [2–5] as being meaningful in clin-
ical decision-making. Medication selection may vary if patients present in a
manic, depressive, or mixed state, or have psychotic symptoms.

Other groupings within the bipolar spectrum may also have heuristic mean-
ing for understanding the etiology of BPD or in modifying clinical decision-
making. For example, efforts are currently underway to determine if structur-
al or functional neuroimaging findings, genetic variability, or other biological
markers may inform treatment decisions.

Similarly, clinical factors may also serve as markers for modifying clinical
treatment. One clinical characteristic proposed as a modifying risk factor is the
effect of age and age-of-onset in patients with BPD. This chapter will focus on
the impact of older age and aging in late-life BPD, and explore late-life relat-
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ed issues. For instance, do patients with BPD early in life ‘burn out’ with age?
Is there a difference in BPD symptoms throughout the life cycle? Are there eti-
ological and phenomenological differences if the disease begins early in life
versus later in life? Does aging affect treatment?

This chapter is divided into two parts. The first discusses the current litera-
ture on aging in BPD with an emphasis on late-life and late-onset disease, and
the second part discusses treatment of late-life BPD.

BPD in late life

Prevalence

Although BPD has been a recognized mental illness since the mid 1800s and
codified in the first publication of the Diagnostic and Statistical Manual of
Mental Disorders [6], the prevalence of BPD in the geriatric population
remains unclear. From various inpatient program reports, it appears that hos-
pitalization for BPD in patients over the age of 60 is not uncommon. Depp and
colleagues [7] reviewed 11 published surveys of geriatric psychiatric admis-
sions and found that 8.7% (mean prevalence) of admissions were for the treat-
ment of BPD. The authors argued that this prevalence rate actually underesti-
mated bipolar admissions because many of the studies focused only on mania
(excluding admissions for bipolar depression), or on patients whose BPD
began after the age of 60. The mean prevalence rate of geriatric bipolar admis-
sions, however, was similar to findings in a study of Medicare patients admit-
ted for a primary psychiatric diagnosis in the 1990–1991 calendar year [8].
That study of 240,000 geriatric psychiatry admissions found that 6.7% of
admissions were for BPD (compared with an admission rate of 28.1% for
unipolar depression and 5.7% for schizophrenia).

In the general community, the prevalence of BPD in the elderly has been
less clear. Despite the reports of significant numbers of elderly admitted to
hospitals for treatment of BPD, the Epidemiologic Catchment Area (ECA)
study failed to capture any active manic elderly subjects in their survey of psy-
chiatric disorders in the United States [9]. Using a statistical weighted analy-
sis, the authors reported the 1-year prevalence range of elderly with BPD
between 0.0–0.5% (with a cross-site mean of 0.1%). This was markedly lower
than the prevalence of BPD reported among young (18–44 years; 1.4%) and
middle aged (45–64 years; 0.4%) adults. This range, however, was consistent
with three other community-based studies that included assessments of the
prevalence of BPD in the elderly. Unutzer and colleagues [10] reviewed a large
HMO database and found a prevalence rate of 0.25%. Klap and colleagues
[11], reporting on a telephone survey of 9,585 households, found a prevalence
rate of 0.08%. Finally, Hirschfeld and colleagues [12] reported results for
85,258 subjects who responded to a screening questionnaire. They found the
screen rate for adults 65 and older was 0.5%.
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Interestingly, each of these surveys suggested that the prevalence of BPD
declines with age or in aging cohorts. This has led some researchers to sug-
gest that bipolar episodes decrease with age [13]. Winokur [14] was the first
to propose the concept that manic patients may ‘burn out’ after a finite num-
ber of episodes. In the Iowa 500 study, Winokur and colleagues followed 109
patients admitted for mania up to 20 years. The authors observed that bipolar
episodes occurred in ‘bursts’, and then became quiescent. However in a
prospective study, Angst and Preisig [15] followed 209 bipolar patients over a
period of 40 years (median age 68). They found that manic episodes did not
decrease with age and that many patients continued to have episodes into their
seventh decade.

Overall, the decline in the prevalence of BPD with age noted by the com-
munity surveys is similar to that seen in prevalence rates of other mental ill-
nesses (such as depression and schizophrenia), and may actually represent a
cohort effect or an increased mortality rate.

Modifiers

Presentation
In general, the development of BPD in late life can be divided into four pat-
terns: 1) those who had an early-onset of BPD and have reached old age; 2)
those who were previously diagnosed with unipolar depression but had a
switch to mania in late life; 3) those whose bipolar symptoms have never been
recognized or were misdiagnosed; and 4) those who have never had an affec-
tive illness but develop mania in late life (possibly due to a specific medical or
neurologic event, or for reasons unknown).

It is not known how common each presentation may be, though the most
frequent experience is a patient who developed BPD earlier in life and is now
seeking treatment [16]. However, based on findings by Hirschfeld and col-
leagues [12], it is not uncommon for the diagnosis of BPD to have been missed
previously.

Gender
In epidemiologic studies of mixed aged populations, BPD was equally preva-
lent among men and women [1]. Depp and colleagues [7] reviewed 17 studies
reporting various sample populations of patients with late-life BPD. They
found a higher prevalence of BPD among older women than men (mean 69%;
range 45–89%). However, this percentage is similar to the gender ratio among
older adults in the general population.

Age of onset
Though BPD is a life-long illness, the literature tends to focus on the disease
in younger individuals. Although the mean age of onset is around age 20 [9],
some researchers have found heuristic evidence in dividing BPD into early-
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and late-onset subtypes. Most surveys have found that the prevalence of BPD
tends to be unimodal with a declining incidence in first-onset mania after the
age of 40. A few studies, however, have noted two peaks: the first in the
early/mid 20s, and a second peak (much smaller) closer to middle age [17–19].
This bimodal distribution is more prominent in women, with the second peak
occurring around the time of menopause [17, 18, 20, 21]. A few studies have
identified a second peak occurring in males in the eighth [22] or ninth [20]
decade. Sajatovic and colleagues [16], assessed age of onset among 16,330
bipolar patients seen in the VA system during the 2001 fiscal year who were
age 60 or older. While the majority of patients (13,477; 82.5%) had an earlier
episode, 1,000 individuals (6.1%) had new-onset BPD. The authors analyzed
clinical characteristics and suggested that age of onset did appear to create two
different and meaningful subgroups of older adults with BPD.

What then is late-onset BPD and why is it important? There actually are no
clear definitions of late-onset. The Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV-TR) [1] does not make a distinction, and various
studies have used ages as young as 30 or as old as 50 to mark late-onset BPD
[23–28]. However, identifying age of onset may suggest a marker for different
etiologies of BPD, or even response to treatment.

For example, several studies [26–33] found that patients with early-onset
illness have more family members with affective disorders compared to those
with a later onset of illness. Researchers have postulated that early-onset
patients have a higher genetic loading than those who develop the disease later
in life. Countering this argument are several other studies that found no differ-
ences in family mental illness between the two groups [34–39], although this
could be obscured by the consistent finding that all patients (but especially the
younger groups) had high numbers of affectively ill relatives (as many as
4–22% in the late-onset groups) [26, 27, 29, 31, 32].

While family inheritance data are especially suggestive in the younger onset
groups, the relationship of late-onset illness to neurological abnormalities is
much more consistent across the studies. Though the definition of neurologi-
cal illness varied, of the five studies assessing this, three [36, 40, 41] showed
significantly higher rates in late-onset patients, while the other two [35, 37]
showed trends toward increased levels. Snowdon [33], reviewing the admis-
sion data of 75 elderly bipolar subjects, found that the 13 patients with a
known neurological disease had their first-episode of mania after the age of 50.
Cook and colleagues [42] reported that 39 patients with neurological disease
preceding the onset of mania had significantly later ages of onset, less family
history of mood disorders, fewer depressive episodes, and more irritability and
assaultive behavior during the manic episode. These data suggest that a neuro-
logical insult may induce BPD, especially late-onset BPD. Alternatively, it is
possible that neurological developmental abnormalities that eventually cause
neurological illness may also be associated with late-onset illness.

Age of onset has been less consistent in differentiating clinical course and
associated factors. Carlson and colleagues [39] noted that age of onset as an
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independent variable did not predict either the course or prognosis of BPD.
These findings were echoed by Depp and colleagues [34], who found that later
age of onset had few significant clinical differences from earlier onset, except
that later onset of BPD predicted a lower intensity of psychiatric pathology.
Carlson and colleagues [43] also noted that patients with early-onset BPD
(first episode before <21 years) were less likely to experience complete
episode remission during the following 24 months than later-onset (first
episode after 30 years) patients. However, they also found that early-onset sub-
jects were more likely male, had childhood behavior disorders, had substance
abuse co-morbidity, and exhibited more paranoia in their psychotic features
than late-onset subjects.

Differential diagnosis and co-morbidity

As noted previously, the incidence of new onset mania in late life is relatively
uncommon; therefore, all patients presenting with mania should be evaluated
for potential medical illnesses that cause manic symptoms. This evaluation
would include a thorough neurological examination. Also, because geriatric
patients are usually taking multiple medications, these must be reviewed for a
temporal association with illness presentation. Laboratory tests should include
basic health panels (complete blood count and blood chemistries) as well as a
thyroid panel. Consideration should also be given to conducting a neuroimag-
ing test such as an MRI or CT scan. This would be especially important if the
new presentation includes psychosis.

Due to the higher association of secondary causes of mania in late-life BPD,
several studies have assessed the presence of co-morbid medical problems, the
most common being neurological illnesses. Depp and colleagues [7] reviewed
eight studies that reported the co-morbid neurological illnesses in the popula-
tions, and noted that despite a wide variety in reporting strategies, the sample-
weighted prevalence was 23.1%. Shulman and colleagues [44] compared 50
geriatric patients hospitalized for mania to 50 age-matched patients hospital-
ized for unipolar depression. They found that the rates of neurological illness
in manic patients were significantly higher (36% versus 8%) suggesting that a
risk factor for the development of mania in late life was neurological disease.
However, there has been no clear consensus on what neurological diseases or
damage location may induce BPD.

Starkstein and Robinson [45] demonstrated that strokes that occur in the
right hemisphere (especially the limbic region) are more likely to be associ-
ated with manic symptoms than left hemispheric strokes (see also [46–48]).
A review of the literature reveals multiple case reports and case series that
generally support a tentative association between mania and vascular risk fac-
tors, and also between mania and cerebrovascular disease [49–51]. This asso-
ciation has been termed ‘vascular mania’ [52]. Proposed diagnostic criteria
have defined a late-age at onset (50+ years) sub-type of mania, with associat-
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ed neuroimaging and neuropsychological changes that are not specific to this
age group.

Other medical co-morbid disorders are also common in BPD and especial-
ly late-life BPD. These include cardiovascular disorders, obesity, diabetes mel-
litus, respiratory infections, and infectious diseases [53–56]. A clustering of
traditional and emerging (e.g., immuno-inflammatory activation) risk factors
presage somatic health issues in this population. Iatrogenic factors and insuf-
ficient access to primary, preventive, and integrated healthcare systems are
also contributory [55].

In addition to medical co-morbidities, psychiatric co-morbidities are fre-
quently seen in patients with BPD, though there is very little information about
their prevalence in late-life BPD. There are a few reports of substance abuse,
PTSD, and personality disorders in late-life BPD, but no published reports on
co-morbid eating disorders, anxiety disorders, or attention disorders – condi-
tions frequently reported to be present in younger bipolar populations. The
National Co-morbidity Study (NCS) found that 61% of adults with BPD also
had a substance use disorder at some point [57]. However, this nationwide sur-
vey did not include anyone over the age of 55. Cassidy and colleagues [58]
reviewed rates of substance abuse in 392 patients hospitalized at a state psy-
chiatric facility for BPD. Nearly 60% reported some history of substance
abuse (a finding consistent with the NCS), but in the 51 patients over the age
of 60 only 29% reported a history of substance abuse. This unexpectedly low
prevalence of substance abuse in older patients with BPD was also found in
two small inpatient studies [59, 60], a review of elderly patients with BPD in
an outpatient mental health system [61], and a large review of the Veterans
Health Administration database [62]. The reason for a lower prevalence of sub-
stance abuse in older patients with BPD compared with younger is unclear. It
may be due in part to poor insight or recall of significant substance use histo-
ry, or it may represent a better earlier life adaptation that decreased risk for
substance abuse.

Molinari and Marmion [63] found an unusually high rate of personality dis-
orders (70%) co-morbid to BPD in a sample of 27 geriatric outpatients and
inpatients. The authors suggested that this high rate could be due in part to the
difficult and chronic patterns of affective disorders. Sajatovic and colleagues
[62] conducted a review of the national Veterans Health Administration data-
base to examine the prevalence of dementia, substance abuse, PTSD, and other
anxiety disorders in older patients with BPD. 4,668 subjects with BPD were
identified (mean age 70). Of these, 4.5% had co-morbid dementia, 5.4% were
found to have PTSD, and 9.4% had an anxiety disorder. The prevalence of anx-
iety disorders and PTSD is much less than that seen in younger BPD cohorts;
however, the prevalence of dementia was higher than expected for this age
group, making this a special concern. Four inpatient samples found that co-
morbid dementia was highly variable, ranging from 3–25% [37, 60, 64, 65],
often depending on the population being assessed. Several researchers have
raised the concern that BPD, especially late-life BPD, may be associated with
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a higher risk for the development of dementia. Co-morbidity does not neces-
sarily imply an association.

Mortality
Dhingra and Rabins [66] reported that the mortality rate among 25 elderly
patients with BPD who had been hospitalized 5–7 years previously was high-
er than expected compared with the general population. While it is known that
individuals with mental illness at all ages have a higher mortality rate than the
general population [67], Shulman and colleagues [44] found that the mortali-
ty rate of elderly hospitalized patients with BPD was significantly higher than
that of elderly hospitalized unipolar depressed patients over a 10–15 year fol-
low-up (50% versus 20%). They suggested that late-life mania was a more
severe form of affective illness than unipolar depression and had a poorer
prognosis. Alternatively, the increased medical and neurological co-morbidi-
ties seen in late-life BPD may be a causative factor in the higher mortality
rate.

Course
As noted previously, there are different paths to the diagnosis of BPD in late
life. Shulman and Post [68] reviewed the course of illness in 67 elderly patients
with BPD whose first manic episode occurred around age 60, and described a
subset of patients who experienced depression early in life with a long latency
(mean = 15 years) before the onset of mania. They hypothesized that cerebral
changes that occur with age (or possibly developmental disease) transformed
the affective illness to mania. Other investigators have described a similar
latency period of 10–20 years in a subgroup of patients between their first
depressed episode and the onset of mania [33, 37, 44, 64]. Interestingly, Post
[32] and Spar and colleagues [69] found that when mania presents in late life,
patients are more likely to exhibit a mixed symptom pattern rather than the
classic manic presentation. The literature also has numerous case reports
[70–73] of a rapid cycling pattern in older patients, though it is unclear if this
is more or less common than among younger patients.

Finally, it should be noted that several reports suggest that late-life BPD is
either more difficult to treat or responds more slowly to treatment. Sajatovic
and colleagues [59] found that older patients with BPD were hospitalized at
the same rate as older patients with schizophrenia. Young and Falk [74] found
that older patients with mania who needed hospitalization tended to have a
slower resolution of symptoms, and a longer duration of hospitalization, than
younger adult patients. Bartels and colleagues [75] found that older adults with
BPD used outpatient services at four times the rate of a similarly aged group
of unipolar depressed patients. Overall, BPD was associated with substantial
disability, comparable to schizophrenia, and incomplete improvement in func-
tioning even among those classified as remitters [76].
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Treatment

Pharmacological interventions

Treatment of BPD at any age is a challenge. It is a complex disease with vary-
ing intensities of mood and behavioral alterations set in a variable cycle of fre-
quent relapses and residual symptoms. Further, as noted above, the disorder
has a high number of medical and psychiatric co-morbidities that demand an
individualistic treatment focused on the whole person. Finally, the high inci-
dence of poor insight and resulting poor adherence to medications (or poorly
tolerated medications) has made the disease especially challenging to control.
In the last few years, there have been several publications of structured guide-
lines or algorithms for treatment of acute BPD based on systematic reviews of
the literature or expert opinions [2–5, 77]. These guidelines have been con-
structed to assist clinicians in navigating the complexity of pharmacotherapy
in BPD; however, recent studies have found that clinical practice frequently
differs from guideline recommendations [78–80].

Patients with late life BPD have several additional complications. First, the
aging body may affect pharmacologic tolerance or sensitivity. Thus, multiple
pharmacological considerations, such as changes in the absorption, distribu-
tion, and elimination of medications, must be understood when prescribing
medications in this population [81]. While we will reference specific examples
below, a fuller review can be found in Catterson and colleagues [82].

Secondly, aging is associated with an increasing number of medical prob-
lems [60] and associated medication use. A recent review of BPD treatment in
geriatric patients found that the average number of total medications pre-
scribed to a patient was 8.0 ± 4.6 (range 1–24) [83]. The presence of medical
problems may also limit treatment options, or cause problems secondary to the
treatment. Further, with the increased number of medications used, there is an
increased risk of problematic medication interactions. The higher number of
associated medical problems may be associated with the higher mortality rate
found in BPD patients compared with similar aged non-psychiatrically ill and
unipolar depressed groups [44, 66].

Thirdly, older adults frequently have age-related psychosocial problems that
potentially complicate treatment (such as loss of ability to drive or limited
social support) [84, 85]. Finally, an additional challenge for optimal treatment
of the late-life patient with BPD is the limited data available about treatment
response of older adults to medications for BPD, even common, currently
FDA-approved treatments [86]. While mixed-aged studies have included some
geriatric subjects, there have been no controlled prospective studies of acute or
long-term management of mania in the geriatric patient population. Of the
mixed-aged studies that did include older subjects, only a few have examined
the effects of age within their study population [86, 87], thus making informed,
evidence-based treatment even more difficult.
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Treatment efficacy

Lithium
Multiple studies have validated the role of lithium over the past four decades
as the ‘gold standard’ for treatment of BPD. Until the turn of the century, lithi-
um was the most commonly prescribed medication for BPD, as well as the pri-
mary choice in late-life BPD [88–90]. However, there have been no placebo-
controlled, double-blind, clinical trials in geriatric patients establishing its effi-
cacy and tolerability. The studies that are available for review have primarily
been either naturalistic or retrospective in design. 

Young and colleagues [86] reviewed studies that reported on the use of
lithium in more than 10 elderly patients with BPD [65, 91–93]. They found
that 66% of elderly manic patients improved overall. However, certain groups
of late-life patients did better than others. Patients with dementia and drug
abuse were found to be especially resistant to treatment, in part due to their
increased difficulty in tolerating lithium. This may have contributed to the
observation that in the various studies, lithium concentrations varied widely
(0.3–2.0 mEq/L). Thus, the recommended lithium level for acute mania in
geriatric patients is unclear. Case series [94, 95] have suggested that elderly
patients may respond to lower lithium levels (0.5–0.8 mEq/L) than those rec-
ommended for younger adults, while other reports have found no difference
[96, 97]. Chen and colleagues [93] noted that patients who were able to
achieve a serum lithium concentration ≥0.08 were much more improved at
discharge than those who did not obtain or could not tolerate this level.
Complicating dosing recommendations is the fact that the use of lithium in
older patients, especially those over the age of 70, is frequently associated
with adverse effects that may occur even at ‘therapeutic’ levels [98, 99].
Commonly reported adverse effects of lithium in the elderly include cognitive
impairment, ataxia, urinary frequency, weight gain, edema, tremor, worsening
of psoriasis, or arthritis. Thus, lithium dosing (and ‘adequate’ serum levels) in
the elderly are primarily determined by the patient’s medical status and frailty
[86, 100].

Guidelines for the use of lithium in the elderly recommend starting at half
the dosage normally recommended for younger patients because aging causes
significant effects on lithium pharmacokinetics. Although absorption is gener-
ally unchanged, the renal clearance of lithium and the volume of distribution
are decreased, while the elimination half-life is increased [101–103].
Furthermore, medications commonly prescribed to the elderly may affect lithi-
um levels. Thiazide diuretics, nonsteroidal anti-inflammatory agents, and
angiotensin-converting enzyme inhibitors can increase lithium concentrations
while other medications, such as theophylline, can decrease lithium concen-
trations. Finally, the use of lithium itself may be associated with a decline in
renal clearance or hypothyroidism. Therefore, lithium should be used with
caution in patients with kidney problems or thyroid disorders. Because of these
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challenges, approximately one-fifth of geriatric patients have experienced
lithium toxicity [102].

Prior to starting lithium, a preliminary medical work-up should include lab-
oratory assessment of renal function, electrolytes, thyroid function tests, fast-
ing blood glucose, and ECG [99]. These should also be rechecked every few
months. McDonald [99] has also suggested that slow-release forms of lithium
may be better tolerated by elderly patients.

Anticonvulsants

Valproate
Approved by the FDA for the treatment of bipolar mania in 1993 (and origi-
nally approved for use as an anticonvulsant), valproate is the most frequently
prescribed medication for the treatment of BPD among the elderly [83, 90].
This appears to be due to the poorer tolerance of lithium by older adults, and
the reported efficacy of anticonvulsants in non-classic mania [99, 104]. This
increased use is even more remarkable considering that, similar to lithium,
there are no prospective trials comparing valproate with placebo or lithium in
the elderly; only retrospective and open-label studies in the geriatric popula-
tion have been published.

Young and colleagues reviewed the five published studies of valproate that
included more than 10 elderly manic subjects [93, 105–108]. They found that
59% of the combined sample met the various improvement criteria, though
again the dose concentrations varied widely (25–120 mcg/ml). In the general
population, recommended blood levels for valproate are 50–120 mcg/ml
[109], though Chen and colleagues [93] noted that higher concentrations were
associated with more improvement in elderly manic patients than lower con-
centrations (65–90 mcg/ml). Chen and colleagues [93] also noted that val-
proate was as effective as lithium when atypical mania, rather than classic
mania, was the predominant symptoms.

It should be noted that the blood level measurement should be used only as
a guide in treatment. As patients age, the elimination half-life of valproate may
be prolonged and the free fraction of plasma valproate increased. Thus, the
total valproate level (which is the most common laboratory test for valproate
concentration) may underreport the amount of valproate clinically available.
The clinical significance of this is unknown [86,100]. In addition, common
medications may also influence the level of valproate. Aspirin can increase the
valproate free fraction while phenytoin and carbamazepine may decrease it.
Valproate itself may influence the pharmacokinetics of other medications. It
inhibits the metabolism of lamotrigine (thus requiring lower doses) and may
also increase the unbound fraction of warfarin (thus requiring careful moni-
toring of coagulation times) [110].

Prior to initiation of valproate therapy, a medical work-up should include
liver enzymes, complete blood count (with platelets), and an ECG [84].
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Starting doses for elderly patients are 125–250 mg per day with a gradual titra-
tion every 2–5 days of 125–250 mg depending on the medical
condition/frailty of the patient. Extended release preparations of valproate are
now available. These appear to be well tolerated by the elderly, but it should
be noted that correctly drawn trough blood levels may need to be collected
24–36 h after the last dose [111].

In general, valproate is fairly well tolerated in elderly patients. The most
common side effects are nausea, somnolence, and weight gain, while less com-
mon side effects of special concern in older adults are the possibility of hair
thinning, thrombocytopenia, hepatotoxicity, and pancreatitis (though the latter
two are less likely to occur with age) [112, 113]. It also should be noted that
valproate is available in a sprinkle and liquid formulations for patients who
may have difficulty swallowing. In addition, Regenold and Prasad [109] have
reported on the intravenous use of valproate in three geriatric patients with
good success.

Carbamazepine
Carbamazepine has been approved for the treatment of bipolar mania since
1996, while the extended release form was approved in 2005. Despite this,
there is very limited information on the use of either carbamazepine prepara-
tion in elderly patients with BPD. The literature is currently limited only to
case reports and the inclusion of some elderly patients in larger studies.
Okuma and colleagues [114] noted that seven elderly manic patients were
included in a larger sample of 50 treated with carbamazepine in a double-blind
study that showed good efficacy. Some researchers have suggested that in con-
trast to lithium, carbamazepine may best be used as a preferred agent in sec-
ondary mania [84, 104].

Possible adverse effects associated with carbamazepine include sedation,
ataxia, nystagmus/blurred vision, leukopenia, hyponatremia (secondary to
SIADH), and agranulocytosis. Severe and sometimes life threatening skin
reactions have been noted to be a rare side effect. These include toxic epider-
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Table 2. Side effects of concern in patients with late-life BPD

Lithium: cognitive impairment, ataxia, urinary frequency, weight gain, edema,
tremor, worsening of psoriasis/arthritis, diabetes insipidus, hypothy
roidism

Valproate: nausea, somnolence, weight gain, hair thinning, gait disturbances,
thrombocytopenia, hepatotoxicity, pancreatitis

Carbamazepine: sedation, ataxia, nystagmus/blurred vision, leucopenia,
hyponatremia, agranulocytosis

Lamotrigine: headache, nausea, Stevens-Johnson Syndrome

Atypical Antipsychotics: sedation, akathisia, weight gain, diabetes, dyslipidemia, stroke



mal necrolysis and Stevens-Johnson syndrome. The FDA [115] recently rec-
ommended that patients of Asian ancestry have a genetic blood test to identi-
fy an inherited variant of the gene HLA = B*1502 (found almost exclusively
in people of Asian ancestry) before starting therapy. Those patients testing pos-
itive should not be treated with carbamazepine.

Prior to beginning carbamazepine, medical work-up should include assess-
ment of liver enzymes, electrolytes, and complete blood count, and ECG. In
the elderly, carbamazepine doses should be initiated at 100 mg either once or
twice daily, and gradually increased every 3–5 days to 400–800 mg/day [99].
As in the younger population, targeted serum levels are between 6–12 mcg/l.
Because carbamazepine can induce its own metabolism, dose increases may
need to be adjusted in the first 1–2 months.

Carbamazepine is metabolized in the liver by cytochrome P450 enzyme
3A4/5. Studies in patients with epilepsy have found that carbamazepine clear-
ance was decreased in an age-dependent manner, presumably due to a reduc-
tion in CYP 3A4/5 metabolism [116]. The implication is that elderly patients
may require lower doses to achieve similar levels of drug as younger patients.
Carbamazepine can also alter the pharmacokinetics of other medications,
including oral hormones, calcium channel blockers, cimetidine, terfenadine,
and erythromycin [84].

Lamotrigine
Lamotrigine is another anticonvulsant recently found to be effective in the
treatment of BPD. Though lamotrigine has not demonstrated efficacy in the
treatment of acute mania or depression in BPD, it was approved by the FDA
in 2003 for use in the maintenance phase. As with the other pharmacologic
treatments for BPD, lamotrigine has not been well-studied in geriatric
patients. However, Sajatovic and colleagues [117] conducted a secondary
analysis of two placebo-controlled, double-blind, clinical trials for mainte-
nance therapy that included 98 subjects over the age of 55. Focusing on this
‘older’ group, they found that older patients taking lamotrigine who had been
stabilized from either an acute episode of mania or depression, demonstrated
a significant delay in the recurrence of another mood episode. Response was
consistent with that seen in younger patients. When the results were further
evaluated, the authors found that lamotrigine was significantly more effective
than lithium or placebo in increasing the time-to-intervention for depressive
recurrences; however, lithium was more effective in increasing the time-to-
intervention for manic recurrences. The mean daily dose of lamotrigine in this
older group was 243 mg/day, and the mean daily dose of lithium was
736 mg/day. Overall, the authors found that lamotrigine was well-tolerated
(compared with lithium) by older patients with BPD and no increased inci-
dence of rash was noted [117, 118].

Lamotrigine has also been noted to be helpful as an augmentation treatment
for bipolar depression in elderly patients. In a case report of five female geri-
atric bipolar patients with depressive episodes [119], three of the five reported
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a remission of depressive symptoms after 6 weeks of augmentation treatment
to either lithium or valproate.

Lamotrigine is metabolized in the liver and eliminated through the hepatic
glucuronide conjugation. Aging may cause some decrease in hepatic glu-
curonidation but the effect does not appear to significantly change lamotrigine
dosing [120, 121]. The dose of lamotrigine should be halved when adminis-
tered with valproate because valproate inhibits the metabolism of lamotrigine
[122]. Its most common adverse effects are headache and nausea, though seri-
ous skin rashes (Stevens-Johnson Syndrome) have also been reported. Because
of studies suggesting that lamotrigine may be better tolerated than lithium
[117] or carbamazepine [123] in elderly patients, some researchers have sug-
gested that lamotrigine will play an increasingly important role in the treat-
ment of late-life BPD.

Other anticonvulsant agents of interest

Because of the success of valproate, carbamazepine, and lamotrigine for the
treatment of various phases of BPD, several other anticonvulsant agents have
been evaluated for use as well. Early open-label clinical trials showed
gabapentin, oxcarbazepine, topiramate, tiagabine, and zonisamide to be prom-
ising treatments for BPD. However, controlled clinical trials have not support-
ed the efficacy of gabapentin as monotherapy or combined therapy [124–126]
in acute BPD. Further, at the time of this writing, there is only one published
double-blind, placebo-controlled, clinical trial of oxcarbazepine monotherapy
[127], and no double-blind, placebo-controlled trials of the other medications
supporting their use in BPD. There are even less data about the use of these
medications in the elderly [100, 128–131]. It should be noted that the oxcar-
bazepine study was conducted in adolescents with acute bipolar mania, and the
authors did not find any improvement over placebo [127]. The metabolite of
oxcarbazepine, licarbazepine, and other related compounds, such as eslicar-
bazepine, are currently being studied for use in BPD [132].

Antipsychotic agents

Antipsychotic medications have been used empirically for the treatment of
acute bipolar mania for many years, either as monotherapy or adjunctive treat-
ment. However, use of conventional antipsychotics has always been problem-
atic in the elderly because of the anticholinergic effects, higher risks of
extrapyramidal symptoms, and tardive dyskinesia [100]. In the past decade,
five ‘atypical’ antipsychotic agents have been approved by the FDA for the
treatment of acute mania (olanzapine, risperidone, quetiapine, ziprasidone,
aripiprazole); two are FDA-approved for the treatment of acute depression
(olanzapine/fluoxetine, quetiapine); and two are approved for the treatment of
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the maintenance phase (olanzapine, aripiprazole). These have largely sup-
planted the use of conventional antipsychotics as first-line antipsychotic treat-
ment in geriatric patients [133]. However, in the treatment for late-life BPD,
published controlled clinical trials of atypical antipsychotics are lacking. Most
of the current practice recommendations are based on the extrapolated data
from mixed population trials, or studies conducted in elderly populations of
patients with schizophrenia or dementia.

Information is especially crucial because a black box warning was added
[134] to each of the atypical antipsychotic agents indicating that clinical trials
of atypical antipsychotics for the treatment of elderly patients with dementia-
related psychosis had an increased risk of death compared to placebo.
Presumably, the fatalities were related to an increase of cerebrovascular or car-
diovascular incidents. The risk of strokes in late-life BPD is unknown.

The other major concern with use of atypical antipsychotics is an increased
risk of metabolic abnormalities, such as obesity, diabetes, and dyslipidemia
[135]. While the elderly may have less weight gain associated with atypical
antipsychotics use [136], each of these medical conditions is frequently
observed in elderly patients with BPD (see discussion above concerning med-
ical co-morbidities). Clozapine and olanzapine appear to have a higher risk,
while aripiprazole and ziprasidone appear less likely to cause these changes.
When using these medications, it is recommended that clinicians monitor
weight, waist measurement, blood pressure, and serum glucose and lipid lev-
els at time of initiation and periodically throughout treatment [135].

In general, a lower dose strategy in the elderly has been recommended for
most atypical antipsychotics [137], though this may be less of a concern in the
acute state.

Olanzapine
Olanzapine is FDA-approved for the treatment of bipolar mania and mainte-
nance phases. The combination pill of olanzapine and fluoxetine was approved
for the acute treatment of bipolar depression. There are limited data on its use
in late-life BPD. Two subanalyses have been conducted evaluating the effica-
cy and tolerability of olanzapine in older adults who were included in mixed-
age, double-blind, placebo-controlled trials of olanzapine in acute mania.
Street and colleagues [138] found that in a subset of eight older manic patients
(ages 61–67), those treated with olanzapine improved while those treated with
placebo worsened. Beyer and colleagues [139] conducted a pooled subanaly-
sis of subjects over the age of 50 in three double-blind, placebo-controlled
acute bipolar mania clinical trials with olanzapine and valproate. Of the 94
older adults (mean age 57), the 78 treated with either olanzapine or valproate
demonstrated a significant improvement compared to those on placebo.
Olanzapine and valproate were noted to be equally effective for the treatment
of acute mania. The mean daily dose of olanzapine was 15.8 mg (range
5–20 mg) and the mean daily dose of valproate was 1,354 mg (range
500–2,500 mg). The side effects experienced by the older group were compa-
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rable to those seen in younger patients; the most common were dry mouth,
somnolence, asthenia, and headache.

Quetiapine
Quetiapine has been FDA-approved for the treatment of acute mania and
depression in BPD. However, again, there are limited data concerning treat-
ment response in elderly patients. Madhusoodanan and colleagues [140] and
Tariot and colleagues [141] reported on a series of elderly patients with psy-
chosis, some of who had BPD, who were treated successfully with quetiapine.
Sajatovic and colleagues [142] reported on a subanalysis of 59 older adults
(mean age 63) from two 12-week double-blind, placebo-controlled studies of
quetiapine in bipolar mania. They noted that both older and younger subjects
responded compared to placebo, but that the older subjects had a particularly
rapid and sustained reduction of symptoms apparent by Day Four. The most
common adverse effects were dry mouth, somnolence, postural hypotension,
insomnia, weight gain, and dizziness. Few side effects or EPS was noted. The
dosing recommendation for quetiapine in bipolar depression is between
300–600 mg, while in mania it is up to 800 mg. Due to the occurrence of com-
mon side effects such as sedation, dizziness, and postural hypotension, geri-
atric patients may start with lower doses, to be titrated as tolerated.

Risperidone
Risperidone is approved by the FDA for the treatment of acute bipolar mania,
though again, there are very limited data in late-life bipolar use.
Madhusoodanan and colleagues [143, 144] reported on retrospective case
reviews noting efficacy in elderly patients with BPD. Significant adverse
events included postural hypotension and dose-dependent EPS. It is recom-
mended that for elderly or debilitated patients, risperidone be initiated in doses
of 0.5 mg once or twice a day [100] and titrated carefully.

Other atypical antipsychotics
Ziprasidone and aripiprazole have both been FDA-approved for the treatment
of bipolar mania. Aripiprazole is also approved for the maintenance phase of
BPD. Both medications may be advantageous for use in the elderly due to their
less common propensity for dyslipidemias and orthostasis. However, there are
currently no published reports about use of these medications in elderly
patients with BPD.

Clozapine is not FDA-approved for use in BPD; however, it has been report-
ed to be helpful in the treatment of bipolar mania, rapid cycling, and treatment-
resistant disease. There are some limited case reports of its successful use in
geriatric patients with BPD [124, 145]. However, the adverse effects of partic-
ular concern in the elderly include sedation, postural hypotension, anticholin-
ergic effects, and risk for seizures. In addition, the potential for agranulocyto-
sis has effectively limited its use to refractory conditions.
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Antidepressants

In BPD, depressive phases are much more prevalent than manic ones [146,
147]. For many bipolar patients, the depressive phase is also the most prob-
lematic, highly associated with morbidity and prompting them to seek treat-
ment [148]. Because of this, antidepressants have been widely used to treat
bipolar depression [83]. However, the use of antidepressants in BPD is also
controversial among psychiatrists [149]. There are three primary causes of
concern: an ambiguity in the literature as to the efficacy of antidepressants in
bipolar depression, the potential for antidepressants to induce a manic episode,
and the potential of antidepressants to induce rapid cycling. Thase and Denko
(2008) reviewed the literature, focusing especially on two recently completed
large clinical trials that attempted to clarify the benefits and risks of antide-
pressant use in bipolar depression [150]. The results did not produce clear
guidelines regarding the optimal treatment for bipolar depression.
Antidepressant augmentation of mood stabilizers did not distinguish itself as
effective compared with placebo, or with the use of a second mood stabilizer.
However, based on the data, the authors could not conclude that antidepres-
sants should be avoided or used only in severe cases [151]. Given these limi-
tations, the APA [77] has maintained its recommendations that primary treat-
ment of the depressed phases of BPD should be initiated with a mood stabi-
lizer, and that antidepressant augmentation of the mood stabilizer may be con-
sidered if there is limited or no response.

Given the general ambiguity of antidepressant use in bipolar depression, it
should not be surprising that there are no specific studies examining the use of
antidepressants in geriatric populations. It should be noted that Young and col-
leagues [152] conducted a retrospective study of elderly inpatients with anti-
depressant-induced mania. They found that tricyclic antidepressants were
more likely than others to induce manias in late life, suggesting that SSRIs
may be used preferentially in the elderly.

Electroconvulsive therapy (ECT)

Electroconvulsive therapy (ECT) has been demonstrated to be very effective in
the treatment of mania and mixed affective states [153, 154]. However, there
are very limited data on the use of ECT in elderly patients with BPD, espe-
cially when compared with the literature on unipolar depression [155].
McDonald and Thompson [156] reported on a case series of three elderly
manic patients who also had some dementia and who were resistant to phar-
macotherapy, but did respond to ECT treatment. Little and colleagues [157]
reported on a case series of five elderly bipolar depressed patients treated with
bifrontal ECT. They found this method could be effective, although a third of
the patients experienced cognitive side effects. Tsao and colleagues [158]
reported on the case of a man with refractory mania who responded to acute
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and maintenance ECT. Frequent side effects noted in the elderly include con-
fusion, memory impairment, and hypertension [159].

Current treatment patterns

Evident in the above discussion is that there are very limited data available to
guide an evidence-based approach to the treatment of BPD in late-life.
Furthermore, the data that are available focus almost exclusively on just one
phase of the disorder: the treatment of mania. Therefore, treatment of the
depressed phases, hypomanic phases, and maintenance phases must be extrap-
olated from studies in younger populations. In addition, it is unclear whether
certain clinical factors (such as late- versus early-onset) or biological and
genetic markers may modify treatment response.

There are some data available that describe the current state of treatment in
late life. Beyer and colleagues [83] reviewed the treatment of 138 late-life
patients with BPD experiencing an affective episode. Mood stabilizers account-
ed for the highest proportion of medications used (68% of patients), though atyp-
ical antipsychotics were frequently used as well (54% of patients). The latter
appeared to be used more frequently than is traditional in younger populations.
The researchers also noted that despite there being no data on combination treat-
ment in late life, polypharmacy was almost twice as common as monotherapy.
This involved the use of some combination of lithium, mood stabilizers, antipsy-
chotics, or antidepressants. Finally, despite using ‘good clinical practice’, by the
end of the treatment period (mean 342 days), 67% of the subjects met criteria for
treatment response, but only 35% of the patients progressed to remission.

Recommendations

1. In general, the history of treatment response and tolerability to specific
medications will provide the best data for guiding current treatment selec-
tion and dosing. It is therefore essential that a good history of illness be
obtained, including adverse events and related doses/concentrations [86].

2. Elderly patients (especially those with a new onset of illness) should have a
thorough physical and neurological exam. Laboratory evaluations should
include basic metabolic panels, complete blood counts, thyroid studies, and
liver function tests. Consideration should be given to vitamin B12 and folate
levels. Vital signs, including an orthostatic blood pressure and pulse,
weight, and waist measurement should be taken.

3. Elimination of unnecessary psychotropic agents along with conservative
management may be an effective intervention by itself.

4. In the treatment of mania, monotherapy with a mood-stabilizer is a reason-
able first approach. The minimal duration for a medication effectiveness
trial is 3–4 weeks [86].
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5. Lithium and valproate are the primary first choice options for the treatment
of late-life mania. Classic manic symptoms may be more responsive to
lithium, while atypical or rapid-cycling mania may be more responsive to
valproate. Clinicians should initially target moderate concentration ranges
(lithium 0.4–0.8; valproate 50–100); however higher concentration ranges
may be more effective acutely (lithium 0.8–1.0, valproate 65–100).
Carbamazepine may be used as a second-line agent. Valproate or carba-
mazepine may be preferred treatments when neurological disease is pres-
ent. Atypical antipsychotic medications (particularly olanzapine and queti-
apine) have shown efficacy as monotherapy treatments and are increasing-
ly being used. Special caution may be required if using these agents in eld-
erly patients with dementia.

6. If monotherapy is only partially effective, consideration should be given to
the addition of an atypical antipsychotic or another mood stabilizer.

7. In the treatment of acute bipolar depression, monotherapy with a mood sta-
bilizer is preferred. Lamotrigine may be especially useful for bipolar
depression. Antidepressants may be used to augment the mood stabilizer or
atypical antipsychotic, but should not be used as monotherapy or in rapid
cycling BPD.

8. ECT should be considered in patients in an acute affective illness when
they have been shown to be treatment resistant, or are suicidal and require
critical intervention.

9. Effective acute treatment should continue for 6–12 months. Ongoing treat-
ment with a mood stabilizer is essential. If remission is sustained, a slow
discontinuation of the augmenting agents may be considered. In cases of
late-onset mania without previous episodes, the optimal duration of treat-
ment is unknown [86].

10. In the absence of specific treatment recommendations for elderly patients,
general guideline recommendations should be followed with the proviso
‘start low and go slow’.

Conclusions

Much is still unknown about late-life BPD, especially late-onset BPD [160].
Generally speaking, late-life BPD is a fairly common presentation to psychi-
atric practitioners and treatment facilities, despite the prevalence being fairly
low in the community. This suggests that the disease may be difficult to man-
age and recurrences are not uncommon. Late-onset illness may be etiological-
ly different than early-onset, and related to the medical and neurological prob-
lems that can occur with aging or to an underlying progression of neurologi-
cal illness associated with some cases of BPD early in life. The concept of
‘vascular mania’ may be of both heuristic and treatment value in the future.

Treatment of late-life BPD requires knowledge of ‘best treatment’ practices
and an understanding of the effect aging has on psychopharmacotherapy.
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Adequate clinical trials are not currently available that would provide good
evidence-based treatment recommendations for late-life BPD, requiring
extrapolation from trials in mixed-age populations and adaptation to the older
patient.
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Abstract

Because pediatric bipolar disorder is a serious condition, there is a substantive need for evi-
dence-based treatments for children and adolescents suffering from this condition. A funda-
mental intervention used in this patient population is pharmacotherapy. Despite the impor-
tance of medication treatment in this patient population, only limited amounts of method-
ologically stringent data exist pertaining to this form of intervention. The evidence that does
exist suggests that some psychotropic medications can provide salutary effects for youths
suffering from Bipolar I disorder. Also relevant is the pharmacotherapy of genetically at-risk
children suffering from bipolar spectrum disorder, and treatment of psychiatric co-morbidi-
ties. Further placebo-controlled trials are needed in order to better characterize the efficacy
and safety of psychotropic medication in this population.

Introduction

Pediatric bipolar disorder (PBD) is a chronic and pernicious condition [1]. It
is associated with serious psychosocial dysfunction, substantive affective
symptomatology, and high rates of psychiatric co-morbidity [2, 3]. For these
reasons, evidence-based treatments for this condition and the co-morbid ill-
nesses that accompany it are needed.

Pharmacological therapy is considered to be a fundamental intervention for
young people suffering from PBD [2, 4]. In order to provide evidence-based
care, clinicians who treat children and adolescents should be familiar with
pharmacotherapy studies that have been specifically conducted in pediatric
patients, rather than assume that research that has been performed in adults is
necessarily applicable to juveniles. The efficacy and safety profiles of psy-
chotropic agents are frequently different in young patients than in adults [5].

Similarly, the manifestations of bipolarity may differ across the life cycle.
Kraepelin initially observed that the amount of time patients spend in the
depressed phase of bipolar illness increases from adolescence through adult-
hood [6]. Recent data from pediatric studies have reported that most youths suf-
fering from bipolar disorder do not, in fact, frequently suffer from major
depressive episodes, but most commonly experience manic and mixed states [3,
7]. Although ideally this chapter should focus on pediatric bipolar depression,
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there is such a paucity of data on this topic for this age group that the chapter
will instead predominantly focus on our current knowledge of pharmacothera-
py in PBD. The knowledge gleaned from this work may be helpful in eventual-
ly designing such studies for pediatric bipolar depression in particular.

Acute monotherapy treatment studies of manic or mixed states

Lithium, anticonvulsants, and omega-3 fatty acids

Open-label data from multiple reports suggest that lithium may have salutary
effects in youths suffering from manic or mixed states [8, 9]. There are cur-
rently no prospective, double-blind, placebo-controlled studies of adequate
statistical power that have specifically tested the role of lithium in the treat-
ment of acute manic states in PBD. However, under the auspices of an
NICHD-sponsored contract, such a study is currently planned.

One prospective open-label study has evaluated carbamazepine. Results
from that trial suggest possible benefits in the acute treatment of symptomatic
youths suffering from PBD [10]. Although some studies have suggested that
divalproex sodium may be helpful in the treatment of youths with manic or
mixed states [11–13], one placebo-controlled study reported that it was not
superior to placebo [14] (see Tab. 1). Conversely, a recent double-blind, place-
bo-controlled trial comparing divalproex sodium and lithium showed that
while divalproex sodium was more efficacious than placebo, lithium was not.
However, lithium was associated with a greater response, albeit not statistical-
ly significant, when compared to placebo. It is possible that lithium did not
demonstrate superiority to placebo owing to the doses employed in the trial
and based on the relatively modest sample size [15].

There are data from a placebo-controlled trial to suggest that topiramate
might have efficacy in PBD [16]. However, this topiramate study was statisti-
cally under-powered because it was stopped prior to its completion, when adult
trials failed to demonstrate topiramate’s efficacy. Another double-blind and
placebo-controlled study of oxcarbazepine showed no superiority for active
treatment when compared to placebo [17]. There are no published double-
blind or prospective studies that have examined other anticonvulsants in the
acute treatment of mixed or manic states in PBD.

One published prospective open-label study examined omega-3 fatty acids
in this patient population, and found that omega-3 fatty acids may have mod-
est salutary effects on manic symptomatology [18].

Atypical antipsychotics

The medications that have the best data to support their use in the acute treat-
ment of PBD are the atypical antipsychotics (see Tab. 1). There is evidence
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from double-blind and placebo-controlled studies that risperidone [19], olan-
zapine [20], quetiapine [21], and aripiprazole [22] are all effective in the treat-
ment of acute manic/mixed states for older children and adolescents (10–17
years).

There are also data from an open-label study to suggest that ziprasidone at
doses of 80 or 160 mg/day may be effective in youths ages 10–18 years of
age suffering from symptoms of mania [23]. Additionally, data from other
open-label studies and case reviews suggest that risperidone [24, 25], olanza-
pine [24, 26], quetiapine [27], ziprasidone [28], and aripiprazole [29, 30] may
all be associated with reductions in affective symptoms and are reasonably
well tolerated in the short-term. Open label data suggest that clozapine [31,
32] may be useful in treatment-resistant youths. At present, there do not
appear to be published studies pertaining to the use of paliperidone in this
patient population.

For those drugs and patient populations for which placebo-controlled data
are not available, the question of whether or not these agents truly have acute
efficacy remains unanswered. In addition, owing to metabolic and tolerability
considerations associated with the atypical antipsychotics, it is not entirely
clear whether these drugs’ side effect profiles are acceptable over the long-
term. These are key empiric questions that deserve further study.

Acute combination pharmacotherapy studies

As indicated above, there are data of varying degrees of methodological strin-
gency to support the assertion that drug monotherapy with certain agents may
benefit youths with PBD. However, open-label and double-blind studies con-
sistently report that many youths remain substantively symptomatic despite
benefiting from treatment with one drug. As a result, investigators have begun
to explore the safety and tolerability of combination thymoleptic drug strate-
gies in the treatment of youths with bipolar disorder.

One study examined combination pharmacotherapy using a prospective,
randomized controlled design. In that clinical trial, treatment with divalproex
sodium plus quetiapine was reported to be associated with superior sympto-
matic relief when compared to treatment with divalproex sodium plus placebo
[33]. It should be noted that the youths who received both active medications
had a higher rate of sedation than those who received divalproex sodium
monotherapy. Other combinations that have been studied in open-label
prospective studies include lithium plus divalproex sodium [7, 34, 35], lithium
plus either a neuroleptic or risperidone [9, 36], and divalproex sodium plus
risperidone [36]. These data provide preliminary evidence to support the use
of combination thymoleptic treatment strategies in PBD. It is possible that the
sedative effects associated with combination therapy may be less well tolerat-
ed when used during the depressive phase of the illness; unfortunately no pub-
lished studies to date have examined this question.
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Acute treatment of depressive episodes

As mentioned above, the presentation of major depressive episodes appears to
be substantially less common in PBD than manic or mixed episodes. This phe-
nomenon probably partly explains why there is a paucity of data regarding the
treatment of the depressed phase of PBD.

One open label study noted that lithium monotherapy was efficacious in the
treatment of 27 adolescents with bipolar depression [37]. In addition, another
open-label prospective study found that lamotrigine, either as monotherapy or
as an adjunctive treatment, was associated with salutary effects in a group of
20 adolescents with bipolar depression [38]. The fact that high placebo-
response rates have been observed in youths with major depressive disorder
makes the open-label design of these two studies a key methodological con-
sideration. Further, it should be noted that these youths, although suffering
from prominent and substantive symptoms of depression, also were experi-
encing concomitant manic symptomatology at study baseline. In both clinical
trials, average pre-treatment Young Mania Rating Scale [39] scores were above
15. Definitive placebo controlled trials in youths with less manic symptoma-
tology are needed in order to develop specifically targeted treatment for youths
suffering from the depressed phase of bipolar illness. As noted in the first part
of this chapter, a purely depressed phase of illness appears to be uncommon in
PBD. This observation will likely be a substantive challenge to conducting
such definitive trials in pediatric bipolar depression.

In the absence of more stringent methodological treatment data in youths
suffering from the depressed phase of PBD, recommended therapeutic
approaches have focused on concerns regarding the potential for mania, mixed
states and cycling acceleration associated with antidepressants [40]. It has
been suggested that antidepressants should not be prescribed to youths unless
the patient is being prescribed a concomitant mood stabilizer [4].

Maintenance therapy: randomized studies

Because PBD is a chronic condition, it is likely that these patients will receive
long-term pharmacotherapy. Unfortunately, there are limited data pertaining to
maintenance drug treatment in this patient population.

In one discontinuation study, 40 adolescents (ages 12–18 years) who
responded to treatment with lithium were randomized to either continued lithi-
um treatment or placebo substitution for 2 weeks [41]. Overall, the authors
found that 57.5% of youths experienced a significant clinical exacerbation.
Moreover, the rate of exacerbation did not differ between the lithium- and
placebo-treated groups.

In another study that employed a discontinuation paradigm, investigators
took 60 children and adolescents (ages 5–17 years) who achieved clinical sta-
bilization while being treated with a combination regimen of lithium and dival-
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proex sodium and randomized them in equal numbers to receive either drug
monotherapy [42]. The investigators found that both agents were equally
effective in maintaining clinical stability. However, it is noteworthy that
approximately half of the subjects ended study participation within approxi-
mately 90 days of randomization.

An additional study randomized, in approximately equal numbers, 296
patients (ages 10–17 years) with pediatric bipolar mania to 4 weeks of acute
treatment with aripiprazole 10 mg, aripiprazole 30 mg, or placebo followed by
a 26-week continuation phase [43]. Over 30 weeks of treatment (4 weeks acute
and 26 weeks continuation), both doses of aripiprazole (10 mg and 30 mg)
demonstrated superiority to placebo in the treatment of these youths.

Genetically at-risk populations

A treatment strategy that has received some scientific investigation has been
the evaluation of medication therapy early in the course of bipolar illness,
before youths develop Bipolar I or Bipolar II disorder. The focus of this
research is particularly interesting, because if effective early interventions can
be identified for these patients, it is hoped that: 1) the dysfunction and symp-
tomatology that occur during this period of time may be reduced [44], and 2)
that diagnostic evolution to more malignant forms of bipolarity can be pre-
vented.

In one study, 30 depressed children, ages 6–12 years who were at risk for
developing bipolar disorder were randomized to receive either lithium or
placebo for 6 weeks [45]. Symptom amelioration was found both for youths
who received placebo and for those who received active medication. Perhaps
more importantly, the degree of clinical improvement did not differ between
the two treatment groups.

In another study, 24 youths ages 6–18 years who were the offspring of a
parent with bipolar disorder and who also suffered from at least mild affective
symptomatology were treated with open-label divalproex sodium for up to 12
weeks [46]. In that trial, the authors found that 78% of the study subjects
improved. In a randomized, double-blind study, Findling and colleagues treat-
ed 56 symptomatic at-risk youths who were between the ages of 5–17 years
with either divalproex sodium or placebo [47]. The authors found that treat-
ment with either placebo or divalproex therapy was associated with substan-
tive clinical benefit. In addition, no between-group differences in treatment
response were found. The results of this latter study highlight the need to con-
duct placebo-controlled studies in this patient population.

Finally, in another study, 20 adolescents ages 12–18 years who were both
affectively symptomatic and who also had a first degree relative with Bipolar
I disorder benefited from 12 weeks of treatment with quetiapine [48]. These
findings suggest that further research with quetiapine in this patient population
is indicated.
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Treatment of psychiatric co-morbidities

As noted above, psychiatric co-morbidity is quite common in PBD.
Unfortunately, there are limited double-blind data about the treatment of co-
morbid conditions in these youths. At present, clinical trials that have consid-
ered interventions in this patient population have been limited to those youths
suffering either from concomitant attention-deficit/hyperactivity disorder
(ADHD) or substance abuse.

ADHD

ADHD is a common co-morbid condition in PBD. Two recently published
studies have examined the safety and efficacy of adjunctive psychostimulants
in these youths.

In one randomized, placebo-controlled trial, Scheffer and colleagues treat-
ed 40 patients between the ages of 6–17 years suffering from PBD and ADHD
with open label divalproex sodium [49]. Using a crossover design, the effects
of mixed amphetamine salts (MAS) [32] were compared to placebo. The
authors found that treatment with MAS was superior to placebo in the reduc-
tion of ADHD symptoms. Moreover, the authors also found that worsening of
manic symptoms did not occur with MAS administration.

In another study, 16 euthymic youths who were receiving mood stabilizer
treatment received various doses of methylphenidate as well as placebo in a
crossover design [50]. The authors found that treatment with methylphenidate
was superior to placebo in treating ADHD symptoms. In addition, the authors
found that methylphenidate administration was not associated with mood
destabilization.

Finally, in their aforementioned maintenance trial, Findling and colleagues
noted that adjunctive treatment with psychostimulants was not associated with
detrimental effects during drug monotherapy with either lithium or divalproex
sodium [42]. When these studies are considered as a group, they provide pre-
liminary evidence to support the use of adjunctive psychostimulants in the
treatment of ADHD in youths with ADHD who are already receiving mood
stabilizers.

Substance abuse

Geller and colleagues treated a group of 25 teenagers with bipolar disorder and
secondary substance abuse with either placebo or lithium for up to 6 weeks
[51]. The investigators found that treatment with lithium was associated with
greater reductions in substance abuse and superior improvements in overall
functioning when compared to placebo.
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Conclusions

Until recently, there has only been a modest amount of research pertaining to
the pharmacotherapy of PBD. Several recently conducted placebo-controlled
trials have failed to show efficacy for some drugs. Other placebo-controlled tri-
als, particularly those that have studied the atypical antipsychotics, have iden-
tified drugs that are superior to placebo in the symptomatic amelioration of
manic symptoms. However, there is still a substantive need to evaluate the
long-term safety and efficacy of psychotropic agents in these vulnerable
youths. Besides long-term safety, other areas of research deserving further
study include the depressed phase of illness, and the treatment of psychiatric
co-morbidity in PBD. Hopefully, even more research will become available in
the near future so that clinicians can have adequate information to provide care
to their patients based on methodologically-stringent research.

Acknowledgements/disclosures
Dr. Findling receives or has received research support, acted as a consultant, and/or served on a speak-
er’s bureau for Abbott, AstraZeneca, Bristol-Myers Squibb, Cypress Biosciences, Forest,
GlaxoSmithKline, Johnson & Johnson, Lilly, Neuropharm, New River, Novartis, Organon, Otsuka,
Pfizer, Sanofi-Aventis, Sepracore, Shire, Solvay, Supernus Pharmaceuticals, and Wyeth.

References

1 Birmaher B, Axelson D (2006) Course and outcome of bipolar spectrum disorder in children and
adolescents: a review of the existing literature. Dev Psychopathol 18: 1023–1035

2 McClellan J, Kowatch R, Findling RL (2007) Practice parameter for the assessment and treatment
of children and adolescents with bipolar disorder. J Am Acad Child Adolesc Psychiatry 46:
107–125

3 Pavuluri MN, Birmaher B, Naylor MW (2005) Pediatric bipolar disorder: a review of the past 10
years. J Am Acad Child Adolesc Psychiatry 44: 846–871

4 Kowatch RA, Fristad M, Birmaher B, Wagner KD, Findling RL, Hellander M (2005) Treatment
guidelines for children and adolescents with bipolar disorder. J Am Acad Child Adolesc Psychiatry
44: 213–235

5 Wiznitzer M, Findling RL (2003) Why do psychiatric drug research in children? Lancet 361:
1147–1148

6 Kraepelin E (1921) Manic-depressive insanity and paranoia. E&S Livingstone, Edinburgh
7 Findling RL, McNamara NK, Gracious BL, Youngstrom EA, Stansbrey RJ, Reed MD, Demeter

CA, Branicky LA, Fisher KE, Calabrese JR (2003) Combination lithium and divalproex sodium
in pediatric bipolarity. J Am Acad Child Adolesc Psychiatry 42: 895–901

8 Alessi N, Naylor MW, Ghaziuddin M, Zubieta JK (1994) Update on lithium carbonate therapy in
children and adolescents. J Am Acad Child Adolesc Psychiatry 33: 291–304

9 Kafantaris V, Coletti DJ, Dicker R, Padula G, Kane JM (2003) Lithium treatment of acute mania
in adolescents: a large open trial. J Am Acad Child Adolesc Psychiatry 42: 1038–1045

10 Kowatch RA, Suppes T, Carmody TJ, Bucci JP, Hume JH, Kromelis M, Emslie GJ, Weinberg WA,
Rush AJ (2000) Effect size of lithium, divalproex sodium, and carbamazepine in children and ado-
lescents with bipolar disorder. J Am Acad Child Adolesc Psychiatry 39: 713–720

11 DelBello MP, Kowatch RA, Adler CM, Stanford KE, Welge JA, Barzman DH, Nelson E,
Strakowski SM (2006) A double-blind randomized pilot study comparing quetiapine and dival-
proex for adolescent mania. J Am Acad Child Adolesc Psychiatry 45: 305–313

12 Wagner KD, Weller EB, Carlson GA, Sachs G, Biederman J, Frazier JA, Wozniak P, Tracy K,
Weller RA, Bowden C (2002) An open-label trial of divalproex in children and adolescents with

Treatment of childhood-onset bipolar disorder 249



bipolar disorder. J Am Acad Child Adolesc Psychiatry 41: 1224–1230
13 Pavuluri MN, Henry DB, Carbray JA, Naylor MW, Janicak PG (2005) Divalproex sodium for

pediatric mixed mania: a 6-month prospective trial. Bipolar Disord 7: 266–273
14 Wagner KD, Redden L, Kowatch RA, Wilens T, Segal S, Chang K, Wozniak P, Vigna NV, Schmitz

PJ, Abi-Saab W et al (2007) Safety and efficacy of divalproex ER in youth with mania. Presented
at: 54th Annual Meeting of the American Academy of Child and Adolescent Psychiatry: 23–28
October 2007, Boston, MA

15 Kowatch RA, Findling RL, Scheffer RE, Stanford K (2007) Pediatric Bipolar Collaborative Mood
Stabilizer Trial. Presented at: 54th Annual Meeting of the American Academy of Child and
Adolescent Psychiatry: 23–28 October 2007, Boston, MA

16 DelBello MP, Findling RL, Kushner S, Wang D, Olson WH, Capece JA, Fazzio L, Rosenthal NR
(2005) A pilot controlled trial of topiramate for mania in children and adolescents with bipolar dis-
order. J Am Acad Child Adolesc Psychiatry 44: 539–547

17 Wagner KD, Kowatch RA, Emslie GJ, Findling RL, Wilens TE, McCague K, D’Souza J, Wamil
A, Lehman RB, Berv D et al (2006) A double-blind, randomized, placebo-controlled trial of
oxcarbazepine in the treatment of bipolar disorder in children and adolescents. Am J Psychiatry
163: 1179–1186

18 Wozniak J, Biederman J, Mick E, Waxmonsky J, Hantsoo L, Best C, Cluette-Brown JE, Laposata
M (2007) Omega-3 fatty acid monotherapy for pediatric bipolar disorder: a prospective open-label
trial. Eur Neuropsychopharmacol 17: 440–447

19 Pandina G, DelBello MP, Kushner S, VanHove I, Augustyns I, Kusumaker V, Haas M (2007)
Risperidone for the treatment of acute mania in bipolar youth. Presented at: 54th Annual Meeting
of the American Academy of Child and Adolescent Psychiatry: 23–28 October 2007, Boston, MA

20 Tohen M, Kryzhanovskaya L, Carlson G, DelBello M, Wozniak J, Kowatch R, Wagner K, Findling
R, Lin D, Robertson-Plouch C et al (2007) Olanzapine versus placebo in the treatment of adoles-
cents with bipolar mania. Am J Psychiatry 164: 1547–1556

21 DelBello MP, Findling RL, Earley WR, Acevedo LD, Stankowski J (2007) Efficacy of quetiapine
in children and adolescents with bipolar mania: a 3-week, double-blind, randomized, placebo-con-
trolled trial. Presented at: 54th Annual Meeting of the American Academy of Child and Adolescent
Psychiatry: 23–28 October 2007, Boston, MA

22 Chang KD, Nyilas M, Aurang C, Johnson B, Jin N, Marcus R, Forbes RA, Carson WH, Kahn A,
Findling RL (2007) Efficacy of aripiprazole in children (10–17 years old) with mania. Presented
at: 54th Annual Meeting of the American Academy of Child and Adolescent Psychiatry: 23–28
October 2007, Boston, MA

23 DelBello MP, Versavel M, Ice K, Keller D, Miceli J (2006) Ziprasidone dosing study in pediatric
patients with bipolar disorder, schizophrenia, or schizoaffective disorder. Presented at:
Association of European Psychiatrists’ 14th European Congress of Psychiatry: 4–8 March 2006,
Nice, France

24 Biederman J, Mick E, Hammerness P, Harpold T, Aleardi M, Dougherty M, Wozniak J (2005)
Open-label, 8-week trial of olanzapine and risperidone for the treatment of bipolar disorder in pre-
school-age children. Biol Psychiatry 58: 589–594

25 Biederman J, Mick E, Wozniak J, Aleardi M, Spencer T, Faraone SV (2005) An open-label trial of
risperidone in children and adolescents with bipolar disorder. J Child Adolesc Psychopharmacol
15: 311–317

26 Frazier JA, Biederman J, Tohen M, Feldman PD, Jacobs TG, Toma V, Rater MA, Tarazi RA, Kim
GS, Garfield SB et al (2001) A prospective open-label treatment trial of olanzapine monothera-
py in children and adolescents with bipolar disorder. J Child Adolesc Psychopharmacol 11:
239–250

27 Marchand WR, Wirth L, Simon C (2004) Quetiapine adjunctive and monotherapy for pediatric
bipolar disorder: a retrospective chart review. J Child Adolesc Psychopharmacol 14: 405–411

28 Barnett MS (2004) Ziprasidone monotherapy in pediatric bipolar disorder. J Child Adolesc
Psychopharmacol 14: 471–477

29 Barzman DH, DelBello MP, Kowatch RA, Gernert B, Fleck DE, Pathak S, Rappaport K, Delgado
SV, Campbell P, Strakowski SM (2004) The effectiveness and tolerability of aripiprazole for pedi-
atric bipolar disorders: a retrospective chart review. J Child Adolesc Psychopharmacol 14:
593–600

30 Biederman J, McDonnell MA, Wozniak J, Spencer T, Aleardi M, Falzone R, Mick E (2005)
Aripiprazole in the treatment of pediatric bipolar disorder: a systematic chart review. CNS Spectr

250 R.L. Findling



10: 141–148
31 Kowatch RA, Suppes T, Gilfillan SK, Fuentes RM, Grannemann BD, Emslie GJ (1995) Clozapine

treatment of children and adolescents with bipolar disorder and schizophrenia: a clinical case
series. J Child Adolesc Psychopharmacol 5: 241–253

32 Masi G, Mucci M, Millepiedi S (2002) Clozapine in adolescent inpatients with acute mania. J
Child Adolesc Psychopharmacol 12: 93–99

33 DelBello MP, Schwiers ML, Rosenberg HL, Strakowski SM (2002) A double-blind, randomized,
placebo-controlled study of quetiapine as adjunctive treatment for adolescent mania. J Am Acad
Child Adolesc Psychiatry 41: 1216–1223

34 Kowatch RA, Sethuraman G, Hume JH, Kromelis M, Weinberg WA (2003) Combination phar-
macotherapy in children and adolescents with bipolar disorder. Biol Psychiatry 53: 978–984

35 Findling RL, McNamara NK, Stansbrey R, Gracious BL, Whipkey RE, Demeter CA, Reed MD,
Youngstrom EA, Calabrese JR (2006) Combination lithium and divalproex sodium in pediatric
bipolar symptom re-stabilization. J Am Acad Child Adolesc Psychiatry 45: 142–148

36 Pavuluri MN, Henry DB, Carbray JA, Sampson G, Naylor MW, Janicak PG (2004) Open-label
prospective trial of risperidone in combination with lithium or divalproex sodium in pediatric
mania. J Affect Disord 82 Suppl 1: S103–111

37 Patel NC, DelBello MP, Bryan HS, Adler CM, Kowatch RA, Stanford K, Strakowski SM (2006)
Open-label lithium for the treatment of adolescents with bipolar depression. J Am Acad Child
Adolesc Psychiatry 45: 289–297

38 Chang K, Saxena K, Howe M (2006) An open-label study of lamotrigine adjunct or monotherapy
for the treatment of adolescents with bipolar depression. J Am Acad Child Adolesc Psychiatry 45:
298–304

39 Young RC, Biggs JT, Ziegler VE, Meyer DA (1978) A rating scale for mania: reliability, validity
and sensitivity. Br J Psychiatry 133: 429–435

40 Kowatch RA, DelBello MP, Findling RL (2002) Depressive episodes in children and adolescents
with bipolar disorders. Clinical Neurosciences Research 2: 158–160

41 Kafantaris V, Coletti DJ, Dicker R, Padula G, Pleak RR, Alvir JM (2004) Lithium treatment of
acute mania in adolescents: a placebo-controlled discontinuation study. J Am Acad Child Adolesc
Psychiatry 43: 984–993

42 Findling RL, McNamara NK, Youngstrom EA, Stansbrey R, Gracious BL, Reed MD, Calabrese
JR (2005) Double-blind 18-month trial of lithium versus divalproex maintenance treatment in
pediatric bipolar disorder. J Am Acad Child Adolesc Psychiatry 44: 409–417

43 Wagner KD, Nyilas M, Johnson B, Aurang C, Forbes A, Marcus R, Carson WH, Iwamoto T,
Carlson GA (2007) Long-term efficacy of aripiprazole in children (10–17 years) with mania.
Presented at: 54th Annual Meeting of the American Academy of Child and Adolescent Psychiatry:
23–28 October 2007, Boston, MA

44 Findling RL, Youngstrom EA, McNamara NK, Stansbrey RJ, Demeter CA, Bedoya D, Kahana
SY, Calabrese JR (2005) Early symptoms of mania and the role of parental risk. Bipolar Disord
7: 623–634

45 Geller B, Cooper TB, Zimerman B, Frazier J, Williams M, Heath J, Warner K (1998) Lithium for
prepubertal depressed children with family history predictors of future bipolarity: a double-blind,
placebo-controlled study. J Affect Disord 51: 165–175

46 Chang KD, Dienes K, Blasey C, Adleman N, Ketter T, Steiner H (2003) Divalproex monotherapy
in the treatment of bipolar offspring with mood and behavioral disorders and at least mild affec-
tive symptoms. J Clin Psychiatry 64: 936–942

47 Findling RL, Frazier TW, Youngstrom EA, McNamara NK, Stansbrey RJ, Gracious BL, Reed
MD, Demeter CA, Calabrese JR (2007) Double-blind, placebo-controlled trial of divalproex
monotherapy in the treatment of symptomatic youth at high risk for developing bipolar disorder.
J Clin Psychiatry 68: 781–788

48 DelBello MP, Adler CM, Whitsel RM, Stanford KE, Strakowski SM (2007) A 12-week single-
blind trial of quetiapine for the treatment of mood symptoms in adolescents at high risk for devel-
oping bipolar I disorder. J Clin Psychiatry 68: 789–795

49 Scheffer RE, Kowatch RA, Carmody T, Rush AJ (2005) Randomized, placebo-controlled trial of
mixed amphetamine salts for symptoms of comorbid ADHD in pediatric bipolar disorder after
mood stabilization with divalproex sodium. Am J Psychiatry 162: 58–64

50 Findling RL, Short EJ, McNamara NK, Demeter CA, Stansbrey RJ, Gracious BL, Whipkey R,
Manos MJ, Calabrese JR (2007) Methylphenidate in the treatment of children and adolescents

Treatment of childhood-onset bipolar disorder 251



with bipolar disorder and attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc
Psychiatry 46: 1445–1453

51 Geller B, Cooper TB, Sun K, Zimerman B, Frazier J, Williams M, Heath J (1998) Double-blind
and placebo-controlled study of lithium for adolescent bipolar disorders with secondary substance
dependency. J Am Acad Child Adolesc Psychiatry 37: 171–178

252 R.L. Findling



Treatment of bipolar disorder during and after
pregnancy
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Abstract

The treatment of bipolar disorder (BPD) in women is complicated by reproductive life events
such as pregnancy and breastfeeding. This presents a clinical challenge to clinicians and
patients who must balance risk of recurrent mood episodes against risks of potential terato-
genic and adverse side effects of medications. It is important for the clinician and patient to
develop an individualized plan of care during conception, pregnancy, delivery and postpar-
tum to ensure maximum safety and minimal risks. Pregnant women with BPD have the same
risk of mood episodes as women who are not pregnant. There is clearly an increased risk for
the development of mood episodes in the postpartum period – approximately 22–50% of
women with BPD will develop postpartum depression (PPD). Risk factors for PPD in women
with BPD include having a family history of PPD and depressive symptoms during preg-
nancy, but this risk can be significantly reduced with prophylactic medications. The risk for
postpartum psychosis (PPP) is also significant, and most cases occur in the first 3 days fol-
lowing delivery. Risk factors include a history of an index manic episode, positive family his-
tory, and sleep deprivation during delivery.

Lithium is the first choice for mood stabilization during pregnancy for women with severe
illness. The typical antipsychotics also appear to be relatively safe during pregnancy.
Venlafaxine, bupropion, mirtazepine, and the tricyclic antidepressants also all appear to be
relatively safe in pregnancy. Patients should be monitored carefully during pregnancy. As the
pregnancy progresses physiologic changes occur that alter the excretion of drugs and drug
levels may change significantly, necessitating dose adjustments. In addition, factors such as
vomiting due to morning sickness must be taken into account. Postpartum, women should be
closely monitored, in labor and delivery, and at home. Medication changes made during
pregnancy may have to be reversed as physiology changes. If women choose to breastfeed,
the pediatrician should be part of the clinical team. It is important to use a team approach
when treating BPD during pregnancy.

Introduction

Bipolar disorder (BPD) is a serious psychiatric illness that is often chronic and
relapsing. The prevalence of Bipolar I Disorder (BPD-I) is similar in both men
and women, but treatment can be complicated in women by reproductive life
events such as pregnancy, breastfeeding, and perimenopause. Onset of illness
typically occurs in teens or twenties, which means that women are at risk of
having episodes throughout the bulk of their reproductive years. Pregnancy in
women with BPD is a clinical challenge due to potential teratogenic effects of
medications, which must be balanced against risks to mother and fetus that
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occur during untreated mood episodes. Risks and benefits must be weighed
carefully to provide an individualized treatment plan and support system for
the patient by a team of healthcare providers working together.

This chapter will review the risks of episode recurrence during pregnancy
and postpartum, the implications of taking medications during pregnancy and
while breastfeeding, and stress the importance of developing a team approach
in order to provide the patient with the maximal support and care for both moth-
er and child. Although ideally this chapter would focus on bipolar depression,
there is a paucity of data on this topic in this subgroup. The knowledge gleaned
from this work may be helpful in eventually designing studies that investigate
bipolar depression, in particular, during pregnancy and the postpartum period.

Why treat BPD during pregnancy and breastfeeding?

While a full review of the reasons to treat BPD during pregnancy and breast-
feeding is beyond the scope of this chapter it is important to be clear about the
risks associated with no treatment to both the mother and the child. The case
for treatment is most obvious when BPD has been severe and there is a histo-
ry of dangerous behavior that could threaten the health or life of the mother
and/or child. Untreated psychiatric illness can result in poor compliance with
prenatal and well-baby care, dangerous behavior, substance abuse, and poor
infant-mother bonding [1, 2]. Depression during pregnancy and postpartum
has been associated with poor outcomes for the child including elevated corti-
sol levels, behavioral problems, and impaired emotional development, lan-
guage development, attention, and cognitive skills. Thus, like many chronic
medical illnesses, prevention of recurrence during pregnancy and postpartum
is important for good outcomes for both the mother and child.

Depression and mania during pregnancy

It was previously believed that pregnancy was protective against relapse in mood
disorders [3]. Further research has shown that pregnancy is not protective but is
rather risk-neutral for the development of mood episodes. Viguera and col-
leagues (2002) retrospectively compared the risks of recurrence in pregnant and
non-pregnant women when tapered off of lithium. They found no difference in
the risks of recurrence between pregnant and non-pregnant women over the
same time period, with rates of 52% in pregnant women and 58% in non-preg-
nant women [4]. Viguera and colleagues further reported that in pregnant women
who discontinued mood stabilizer there was a recurrence risk of 81–85.5%
while women who continued mood stabilizer treatment had a much lower risk
of 29–37% [5, 6]. The finding that approximately 80% of women with BPD will
relapse when taken off of mood stabilizers suggests that treatment during preg-
nancy for many patients is necessary in order to prevent recurrence.
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Depression and mania postpartum

The literature is clear that there is an increased risk of mood episodes in women
with BPD during the postpartum period. Freeman and colleagues (2002) inter-
viewed 50 women with BPD and found that 67% of the women who had given
birth experienced a postpartum mood episode after the birth of their first child
[7]. In this group of women, having a postpartum mood episode significantly
increased the risk of postpartum episodes in subsequent pregnancies.
Interestingly, not having a mood episode following delivery was not protective
for subsequent deliveries. These mood episodes were primarily depressive, and
risk factors included having increased depressive symptoms during pregnancy
[7] as well as a family history of postpartum depressive episodes [8].

Blehar and colleagues (1998) reported that in a sample of 186 women with
BPD, almost half of those who had been pregnant retrospectively reported
emotional symptoms in relation to pregnancy. Further, one-third reported that
the onset of symptoms occurred during the pregnancy, indicating that having
depressive symptoms during pregnancy is a risk factor for postpartum mood
episodes. Remaining symptom free during pregnancy is not protective, how-
ever, against mood episodes postpartum [9]. Payne and colleagues (2007)
found that 22% of 512 women with BPD-I and 22.9% of 89 women with
Bipolar II Disorder (BPD-II) retrospectively reported significant postpartum
mood symptoms that began after pregnancy and occurred within 4 weeks of
delivery [10].

The risk in women who take medication during the postpartum time has
been sparsely studied. Cohen and colleagues (1995) followed a group of 27
women with BPD through pregnancy and the postpartum period and found that
1 out of 14 women taking prophylactic treatment during the first 3 months
postpartum relapsed; in comparison, 8 out of 13 women who did not take anti-
manic medications showed evidence of affective instability [11]. Furthermore,
Viguera and colleagues (2000) found that the risk of recurrence for a postpar-
tum mood episode was much higher for pregnant women who discontinued
lithium treatment (70%) versus non-pregnant women who discontinued lithi-
um treatment (24%) [12]. These findings support the need for treatment dur-
ing pregnancy in an effort to prevent postpartum mood episodes in women
with BPD, as well as careful monitoring of medication status during the early
postpartum period.

Women with BPD are also at a high relative risk for postpartum psychosis
(PPP). PPP is considered a psychiatric emergency and generally resembles a
manic episode with agitation, confusion, and psychotic symptoms predomi-
nating though the mood may not be clearly elevated as in mania. Postpartum
psychosis is estimated to affect 0.1–0.2% of women following childbirth but
the risk for women with BPD is at least 25%, and increases to greater than
50% if there is a family history of PPP [13]. The onset of PPP is typically
abrupt. For example, Heron and colleagues (2007) retrospectively looked at
the onset of clinically significant symptoms in women diagnosed with BPD-
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associated PPP and found that onset for over 50% of symptoms occurred in
days 1 to 3 postpartum, and that over 22% occurred on day 1 [14]. The clini-
cal implications of this are important, and women with BPD should be moni-
tored closely in the immediate postpartum period. Although it remains unclear
if and by how much prophylactic medications reduce the risk of PPP, the
abrupt and early onset also supports treating women actively during the third
trimester and through labor and delivery (see, for example, Lithium below).

Jones and Craddock (2001) found that women with BPD and PPP were
more likely to have a family history of PPP compared to women with BPD
without a family history. They concluded that familial factors are implicated in
the susceptibility of postpartum episodes in BPD [13]. This same group recent-
ly completed a genome-wide linkage analysis of PPP and found significant
linkage to chromosome 16p13, which has previously been shown to be asso-
ciated with an index manic episode in families with BPD [15]. Thus, this is an
area where further study is clearly warranted. Robertson-Blackmore and col-
leagues (2006) found that in BPD-I, the risk of PPP was increased with prim-
iparity and a complicated delivery [16]. Sharma and colleagues (2004) retro-
spectively found that women (n = 32) hospitalized with PPP were more likely
to have had a prolonged labor or nighttime delivery, leading the authors to con-
clude that loss of sleep may be a risk factor for PPP [17]. Promoting good
sleep in the immediate postpartum time in women with BPD may therefore be
critically important.

Medications

Few controlled studies examine the efficacy of medications in the treatment of
BPD during and after pregnancy. For example, it remains unclear if medications
such as lithium should be tapered prior to labor and delivery in order to decrease
neonatal complications. It also remains unclear if there are particular medica-
tions or regimens that are superior in preventing the onset of postpartum depres-
sion (PPD) and/or PPP in the bipolar patient. Until such studies are completed
many recommendations regarding medication management for patients with
BPD are based on clinical experience and logic. Below we have outlined the
common classes of medications used for BPD and the potential risks and clin-
ical management issues associated with particular agents (see Tab. 1).

Mood stabilizers

Lithium

Lithium was once thought to have a high teratogenic risk, particularly of
Epstein’s Anomaly. This finding was initially based on retrospective reports
that suggested a 400-fold increase in risk [18, 19], but more recent research
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suggests that the risk is much lower than originally thought. Cohen and col-
leagues (1994) conducted a meta-analysis evaluating the published clinical
data on lithium in pregnancy and concluded that although there was an
increased relative risk of cardiac anomalies associated with first trimester
exposure to lithium, the absolute risk was approximately 1 out of 1,000 [20].
This risk can be eliminated by withdrawing lithium during conception and
reintroducing it after the first trimester in appropriate patients.

Use of lithium during the third trimester has been associated with more peri-
natal complications and may result in hypotonicity and cyanosis, better known
as ‘floppy baby’ syndrome [21]. Rare cases of neonatal hypothyroidism and
nephrogenic diabetes insipidus have also been described. It has therefore been
suggested and, at times has been common practice, to lower the dose and even
discontinue lithium close to labor and delivery. However, the absolute risk of
neonatal toxicity appears to be rare, and the risks of peripartum relapse to the
mother are significant [12]. Further, neurobehavioral sequelae were not evi-
dent in a 5-year follow-up of 60 school-aged children exposed to lithium dur-
ing gestation [22]. Therefore no tapering prior to labor and delivery is cur-
rently recommended [23].

Valproic acid

Valproic acid is a known teratogen associated with up to a 7–10% risk of neu-
ral tube defects [5, 23]. Valproic acid is also associated with craniofacial
anomalies and a higher risk of cognitive and educational difficulties in children
exposed in utero. It has also been associated with autistic spectrum disorders
[24]. It is therefore not recommended for treatment of BPD during pregnancy
and should be avoided if at all possible.

Carbamazepine

Similar to valproic acid, carbamazepine has been associated with neural tube
defects, though the risk is smaller (1% with first trimester exposure).
Craniofacial anomalies as well as microcephaly are also associated with first
trimester exposure [5, 23].

Lamotrigine

Lamotrigine is approved for the treatment of BPD and is more commonly used
to treat depressive symptoms. There has been no overall risk of major malfor-
mations associated with lamotrigine according to the International
Lamotrigine Pregnancy Registry, but the North American Antiepileptic Drug
Registry has suggested an increased risk for oral clefts.
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Choice of mood stabilizer during pregnancy

Given the significant risks associated with valproic acid and carbamazepine
during pregnancy their use should be avoided during the first trimester and
thereafter if possible. It remains unclear if folate supplementation of 4 mg/day
reduces drug-associated neural tube defects but the supplement should be
offered, as should prenatal surveillance for congenital anomalies for any fetus
exposed to either of these two medications [23]. In comparison, lamotrigine,
to date, appears relatively safe during pregnancy. It remains unclear whether
lamotrigine is effective as a mood stabilizer during and after pregnancy. For
patients with severe illness, lithium has the most evidence for effectiveness but
should be used in conjunction with fetal heart echocardiography in women
exposed during the first trimester. In women with mild or infrequent illness,
slow tapering of medications prior to conception and clinical monitoring dur-
ing pregnancy may be successful. In women with moderate severity of illness,
avoidance of teratogenic agents during the first trimester and reinstitution
thereafter may be the best approach [23].

Antipsychotics

Antipsychotics are often used to treat BPD and the atypical antipsychotics are
gaining popularity in the maintenance treatment of BPD. Newport and col-
leagues [25] conducted a prospective observational study of women treated
with haloperidol or atypical antipsychotics during pregnancy and compared
maternal and fetal drug concentrations after delivery. Placental passage was
highest for olanzapine, which was also associated with a higher percentage of
low birth weight and increased admissions to neonatal intensive care unit.
Quetiapine had the lowest placental passage, followed by risperidone and then
haloperidol [25]. McKenna and colleagues [26] reported on a cohort of 151
pregnant women who were treated with atypical antipsychotics including olan-
zapine, risperidone, quetiapine, and clozapine. There were no statistically sig-
nificant differences in pregnancy outcomes with the exception of low birth
weight in 10% of exposed neonates [26].

Recently, Coppola and colleagues evaluated 713 case reports of pregnant
women treated with risperidone and found no increased risk of spontaneous
abortions, structural malformations, or fetal teratogenic risks above that of the
general population. Extrapyramidal effects were seen in neonates after mater-
nal exposure in the third trimester but were self-limited [27]. Little data
beyond the above reports (except for case reports) exists for the other atypical
agents, including clozapine, olanzapine, quetiapine, aripiprazole, and ziprasi-
done.

The typical antipsychotic medications have a longer (greater than 40 years)
and larger reproductive safety profile than the atypicals. No significant terato-
genic effect has been shown for chlorpromazine, haloperidol, and per-
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phenazine [23]. A multi-site prospective study followed 215 pregnancies
exposed to haloperidol and penfluridol and found no difference in the treated
group compared to controls in congenital anomalies; however, there was a
higher rate of elective terminations, a higher rate of preterm births (13.9% ver-
sus 6.9%), and a lower median birth weight (3,155 g versus 3,370 g) in the
exposed group. There was also a possible association with limb defects in the
treated group, prompting the authors to recommend ultrasound evaluation to
women exposed in the first trimester [28]. Fetal and neonatal toxicity reports
have included neuroleptic malignant syndrome, dyskinesia, and extrapyrami-
dal side effects.

Choice of antipsychotics during pregnancy

In general, given the long history of successful use of typical agents coupled
with the minimal risks associated with them for pregnancy, the first line choice
should be a typical antipsychotic such as haloperidol. Further, given the mini-
mal risks associated with them, typical agents may be used in place of mood
stabilizing agents such as lithium and valproic acid during pregnancy. The
minimal effective dose should be used and neonates should be evaluated for
side effects after labor and delivery.

Antidepressants

Untreated depression in pregnancy is associated with increased risk of preterm
birth, fetal growth restriction, pre-eclampsia, newborn behavioral effects, and
impaired maternal psychosocial functioning [29]. Antidepressant use is
becoming more prevalent during pregnancy. For example, a recent multi-site
study looking at the use of antidepressants in 118,935 pregnancies from
2001–2005 found an increased use of antidepressants, with nearly 8% of preg-
nant women in 2004 and 2005 taking antidepressants during pregnancy [30].
The teratogenic effects of antidepressants have been extensively studied and
will be summarized here.

The National Birth Defects Prevention Study retrospectively compared
rates of maternal Selective Serotonin Reuptake Inhibitors (SSRI) use in over
9,500 infants with birth defects to rates of maternal SSRI use in normal
infants. Maternal use of SSRI’s in the first trimester was not associated with
significantly increased risk of congenital heart defects. Three types of birth
defects were associated with maternal SSRI use in the first trimester but the
absolute risks were still low. Those birth defects were anencephaly (adjusted
odds ratio (AOR) 2.4), craniosynostosis (AOR 2.5), and omphalocele (AOR
2.8). The results were limited by the relatively small number of children with
each type of birth defect [31]. In contrast, the Slone Epidemiology Center
Birth Defects Study compared first trimester exposure to SSRIs in 9,849
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infants with birth defects to 5,860 infants without birth defects and found no
significantly increased risks of craniosyntosis, omphalocele, or heart defects
associated with SSRI exposure [32]. Interestingly, both studies found a small
increased association of right ventricular outflow tract obstruction with
maternal use of paroxetine [31, 32]. A meta-analysis reviewing the data 
on paroxetine use during the first trimester concluded that there were
increased risks of cardiac anomalies, although absolute risk remained low
[33]. Thus, maternal use of paroxetine during pregnancy should be limited to
women who have severe symptoms and for whom other agents have proven
ineffective.

Exposure to SSRIs in the third trimester has been associated with transient
‘withdrawal’ symptoms in neonates, such as jitteriness, mild respiratory dis-
tress, transient tachypnea, weak cry, poor tone, and NICU admission [23, 34].
There is an unconfirmed association of SSRI use with persistent pulmonary
hypertension of the newborn, which is an extremely rare condition [35].

Einarson and colleagues [36] reported on a multicenter prospective study of
pregnant women taking venlafaxine and found that there did not appear to be
any increased risk of major malformation in infants exposed to venlafaxine in
utero [36]. Similarly, Cole and colleagues (2007) reported that there did not
seem to be an increased risk of malformations for infants exposed to bupropi-
on in utero [37], and one study indicated that it can be helpful for pregnant
women who are trying to quit smoking [38]. Finally, Djulus and colleagues
conducted a prospective study of 104 pregnant women taking mirtazepine and
found no apparent increase in major fetal malformations [39].

Overall, there is a long history tricyclic antidepressant use during pregnan-
cy that indicates that there is little to suggest any teratogenic effect or increased
perinatal problems [5, 23, 40]. Thus the use of antidepressants during preg-
nancy, though controversial, may be advised in specific patients. Older agents
should be used if possible as there is more safety data available. The use of
paroxetine should probably be avoided except in specific patients. Newborns
should be monitored for signs and symptoms of ‘withdrawal’ and given sup-
portive care.

Benzodiazepines

Early studies reported an increased risk of oral clefts with benzodiazepine use
which has subsequently been called into question or been shown to be mini-
mal (increased risk by 0.01%) [23, 40]. Wikner and colleagues reviewed
records of over 2,000 infants from the Swedish Medical Birth Registry who
were exposed to benzodiazepines in utero and found an increased risk of
preterm birth and low birth weight in the exposed group. There was also an
increased risk of congenital malformations with an adjusted OR 1.24 [41]. Use
of benzodiazepines shortly before delivery is associated with ‘floppy infant
syndrome’, characterized by hypothermia, lethargy, poor respiratory effort,
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and feeding problems as well as neonatal withdrawal symptoms for as long as
3 months postpartum [23]. Benzodiazepines should be tapered and not stopped
abruptly and their use should be avoided if possible late in the third trimester.

General guidelines

Pre-pregnancy planning

Women with BPD are frequently advised by physicians to avoid getting preg-
nant. Reasons cited include potential fetal exposure to psychotropic medica-
tions, many of which are associated with teratogenic risks, and/or risk of recur-
rence that can be damaging to both the mother and fetus. Despite these obsta-
cles, many decide to pursue pregnancy and should have a comprehensive and
unique review of treatment options, ideally pre-pregnancy, in order to under-
stand the risks and benefits associated with various treatment options [4].

In the pre-pregnancy planning phase, it is important to counsel patients on
the risks and benefits of medications as well as a possible recurrence of mood
episodes. Another consideration is the fact that many medications commonly
used in the treatment of BPD can disrupt the menstrual cycle and interfere with
fertility. For example, antipsychotic medications, commonly used as mood sta-
bilizers or antimanic agents in BPD, can increase prolactin levels, which sub-
sequently disrupt the menstrual cycle and reduce fertility. Similarly, valproic
acid is associated with polycystic ovarian disease that may also disrupt the
menstrual cycle and decrease fertility [42].

The clinician should also take into account some of the possible psychoso-
cial complications of BPD. Women with BPD are more likely to be single par-
ents and are more likely to suffer from addictions or substance abuse compared
to women without BPD. As a result, patients with BPD are also more likely to
have obstetric complications during pregnancy, and are more likely to have
placental abnormalities such as placenta previa, antepartum hemorrhages, and
other complications due to nicotine, alcohol, and illicit drug use [2]. These fac-
tors should be taken into account during pre-pregnancy planning and included
as part of the overall treatment plan. For example, women should be advised
on how to stop drinking and smoking prior to and during pregnancy, and sup-
port systems should be examined and put into place if possible. Psychosocial
interventions can range from initiating psychotherapy to meeting with the
patient’s partner and family in order to provide education and devise a plan for
maintaining appropriate sleep patterns during the postpartum time.

Monitoring during pregnancy

Monitoring during pregnancy should continue at a rate that is clinically appro-
priate. Physicians should be aware that, as pregnancy progresses, extensive
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physiological changes occur that may affect the absorption, distribution,
metabolism, and excretion of many drugs due to alterations in the activity of
metabolic enzymes and alterations in renal and hepatic function [43]. Lithium
is excreted by the kidneys and serum levels should be monitored on a regular
basis during pregnancy [44]. Similarly, lamotrigine serum levels have been
shown to decrease during pregnancy; thus, regular monitoring of serum levels
is also indicated [43]. Many antidepressants – including paroxetine, duloxe-
tine, fluoxetine, and citalopram – have also been shown to be metabolized at a
higher rate during pregnancy and may need to be increased as pregnancy pro-
gresses. Finally, clozapine and olanzapine may have decreased metabolism
during pregnancy and thus may need to be reduced to avoid side effects [43].
Factors such as vomiting due to morning sickness may also need to be taken
into account when deciding the timing of checking medications such as lithi-
um (i.e., sooner rather than later).

Monitoring postpartum

As noted above, the postpartum time is clearly a risky time period for women
with BPD. Women with BPD therefore need to be followed closely during this
time – both while in the hospital during labor and delivery, and after returning
home. Family members should be educated about the potential signs and
symptoms of an emerging PPP as well as PPD. Good and regular sleep habits
should also be promoted; as noted above, Sharma and colleagues have shown
preliminarily that sleep loss may precipitate PPP [17]. Because sleep loss has
been shown to precipitate a mood episode regardless of pregnancy state [45],
the risk could be particularly high. Involvement of the patient’s partner and
family with nighttime care can be helpful. A check-up with the woman (prefer-
ably within the first week postpartum) is advisable, even if only by phone, as
many women find it difficult to keep doctors’ appointments right after child-
birth. Furthermore, because new mothers may be more likely to see their
child’s pediatrician in the first few weeks postpartum than their own doctor,
pediatricians should also be on the lookout for postpartum changes.
Medication changes that were instituted during pregnancy due to metabolic
reasons may need to be reversed over the next few months and, when appro-
priate, serum levels should be checked.

Breastfeeding

Monitoring of the baby exposed to medications in utero or via breastfeeding
should be done by the pediatrician; thus, communication between the treating
psychiatrist and the pediatrician during the postpartum time is advisable. All
psychotropic drugs enter breast milk, and limited studies have been conduct-
ed on the potential long-term consequences of exposure to medications during
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breastfeeding. That being said, exposure during breastfeeding is less than the
exposure that occurs during pregnancy for the infant [46]. Drugs enter breast
milk by passive excretion and breast milk concentration is directly propor-
tional to maternal serum concentration. Milk concentration is also determined
by qualities specific to the drug such as half-life, peak absorption, molecular
weight, degree of ionization, lipid solubility, and protein-binding capacity.
Recommendations have been made to breastfeed immediately prior to taking
a medication in order to minimize infant exposure. Unless clinically neces-
sary, it has also been recommended that patients remain on the same medica-
tion while breastfeeding that they took during pregnancy, thereby exposing
their infants to one, not two or more different medications. Stowe [46] reviews
recommendations for the use of lithium, antiepileptic medications, and atypi-
cal and typical antipsychotics. Where appropriate, serum levels and blood
work to monitor for potential side effects should be obtained in the infants.
For example, if lithium is used during breastfeeding, a lithium level, a com-
plete blood count, blood urea nitrogen/creatinine, and thyroid-stimulating hor-
mone level should be obtained. In contrast to the dangers associated with their
use in pregnancy, antiepileptic medications appear to be compatible with
breastfeeding [46].

Team approach

It is important to use a team approach when treating pregnant women with
BPD (or any other psychiatric disorder) (see Fig. 1). The husband or partner,
and when appropriate, other members of the family, should be educated about
the potential risks and benefits of treatment as well as the signs and symptoms
of emerging illness. The obstetrician and psychiatrist should communicate in
detail about the treatment decisions made and the reasons behind them in order
to minimize miscommunication and to maximize compliance with treatment.
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Similarly, the child’s pediatrician should be included in the process. A team
approach is likely to improve outcomes and provide more consistent support
to the mother who must make difficult choices about her own health and the
health of her baby.
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Although our knowledge of mood disorders in general is expanding steadily,
comparatively little is known about bipolar depression in particular. The pur-
pose of this book was to bring together clinicians and researchers, in order to
offer the most up-to-date information about the diagnosis, treatment, and
research surrounding bipolar depression.

Clinically, bipolar disorder 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 wellbeing. Furthermore,
it is a sad fact that bipolar disorder is frequently unrecognized, misdiagnosed,
and mismanaged. In Chapter 1, Dr. Marneros points out that depression and
mania are mankind’s oldest known mental disorders; they were the first men-
tal disorders conceptualized by Hippocrates as a part of medicine, and mania
and depression as two parts of the same disease was first described in the 1st
century AD. Yet even today, a diagnosis of bipolar disorder is often missed in
patients who report depressive rather than manic symptoms. Bipolar mania is
often well-recognized by physicians, but bipolar depression, though more
common, is often misdiagnosed and mistreated as unipolar depression. Thus,
the depressed phase of bipolar disorder remains an enormous challenge for
patients, their families, and clinicians. Furthermore, as Dr. Rihmer so
poignantly discusses in Chapter 4, suicidal behavior in patients with bipolar
disorder occurs almost exclusively during severe major depressive episodes
and the suicide rate of untreated patients with bipolar disorder is 25 times
higher than the same rate in the general population.

Undiagnosed patients with bipolar disorder often present for evaluation dur-
ing a depressed episode. These patients are then most frequently misdiagnosed
with unipolar depression and treated with antidepressants. For some patients,
such treatment may be ineffective or deleterious for them. Much more research
is needed to determine precisely which patients would benefit from short-
and/or long-term antidepressant therapy. As Drs Young and Wang note in
Chapter 6, there has long been debate about whether bipolar depression is sim-
ilar to or different from unipolar depression, with the recognition that different
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treatment responses and clinical courses suggest a different neurobiology. Drs
Parker and Fletcher (Chapter 2) note that ‘bipolar depression’ is not a specific
type of depression, with most episodes phenotypically weighted to melan-
cholic or psychotic depression and that, clearly, the current diagnostic systems
employ imprecise criteria to differentiate sub-types of bipolar disorder.
Compounding this issue is that the lack of well-established guidelines for the
diagnosis and treatment of bipolar disorder makes misdiagnosis even more
likely.

As this volume discusses in some detail, mood stabilizing drugs are useful
for treating different phases of bipolar disorder including the treatment of
mania and depression acutely, and prophylaxis against relapse into either state.
There is a general consensus that treating either acute depression or prevent-
ing relapses into depression is more challenging than treating mania, and that
the drugs we use to treat the disorder are less effective for these symptoms. The
thoughtful chapters by Drs Beyer and Krishnan, Findling, and Payne and Roy
(13, 14, and 15, respectively), highlight the further difficulties associated with
treating the disease in different populations.

Fittingly, the chapters in this volume highlight that the treatment of bipolar
depression is another area where dramatic improvements are needed. In
Chapter 9, Dr. Sachs points out that acute depression is the condition for which
patients with bipolar disorder most often seek treatment; although the founda-
tion of best clinical practice is double-blind, placebo-controlled trials with
adequate sample size, in bipolar depression such evidence exists only for lam-
otrigine, quetiapine, olanzapine monotherapy, and olanzapine plus fluoxetine.
Interestingly, the most common treatment for bipolar depression – the adjunc-
tive use of standard antidepressants along with lithium or valproate – has not
been shown to be effective in any Category A study. Furthermore, many
depressed bipolar patients do not respond adequately to currently available
treatments.

Expanding upon this idea, in Chapter 10 Drs Calabrese and Gao note that,
so far, only lithium and lamotrigine, and to some extent divalproex, have been
investigated in both manic and depressive index episodes. Dr. Sackeim
(Chapter 11) gives a thorough overview of the usefulness of electroconvulsive
therapy (ECT) in bipolar depression, as well as its essential limitations. His
chapter introduces promising new developments in this field including new
forms of ECT administration that dramatically reduce the frequency and sever-
ity of adverse cognitive effects, including alterations in the administration of
ECT, Magnetic Seizure Therapy (MST) and Focal Electrically Administered
Seizure Therapy (FEAST), as well as novel interventions such as repetitive
transcranial magnetic stimulation (rTMS), deep brain stimulation (DBS), and
vagus nerve stimulation (VNS). Similarly, Chapter 12 reviews some of the
novel agents being explored to treat this population, focusing on drugs that do
not include the existing antipsychotic, antiepileptic, and antidepressant med-
ications. These include modafinil, pramipexole, N-acetyl cysteine (NAC),
scopolamine, agomelatine, riluzole, ketaconazole, mifepristone, celecoxib,
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memantine, creatine, and uridine RG2417. Although much of this work is pre-
liminary, many of these agents have proven initially very promising, and fur-
ther work will continue to explore their clinical utility in bipolar depression.

Despite these difficulties, the information contained in these chapters also
highlights how far the field has progressed in recent years. In Chapter 6, Drs
Wang and Young describe how many studies have shown altered neurobiology
in patients suffering from bipolar disorder, including decreased brain volume
and cell number in prefrontal and limbic regions, decreased serotonin metabo-
lite 5-HIAA and serotonin transporter activity in cerebrospinal fluid, brain, or
platelets of subjects with bipolar depression, decreased glucose metabolic rate
and cerebral blood, and defects in mitochondrial electron transport chain and
oxidative damage. In Chapter 8, Drs Savitz and Drevets give a thorough review
of some of the pathophysiology of bipolar disorder, noting that reductions in
gray matter volume and a concomitant increase in glutamatergic neurotrans-
mission are observed in the pregenual (pgACC) and subgenual anterior cingu-
late cortex (sgACC), the orbitofrontal, frontal polar and ventrolateral pre-
frontal cortex (PFC), the posterior cingulate, ventral striatum, and hippocam-
pus of patients with bipolar disorder. In Chapter 5, Drs Schulze and McMahon
succinctly review the genetic evidence surrounding bipolar disorder and con-
clude that, although linkage and candidate gene association studies failed to
deliver consistently replicable results, the advent of genome-wide association
studies (GWAS) has spurred new hopes for the identification of true suscepti-
bility genes. They note that after close to a century of genetic studies, bipolar
disorder is emerging as a complex (non-Mendelian) disorder with a polygenic
etiology.

Therefore, a better understanding of the genetics and molecular mecha-
nisms of bipolar disorder, and particularly of bipolar depression, is critical to
improving treatment for the disease. As the chapters in this volume attest, there
is cause for hope. Research in recent decades has made great advances toward
a better 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, advance-
ments in our understanding of the neurobiology of bipolar disorder 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 con-
tributed to the lack of development of improved therapeutic strategies for bipo-
lar depression. Collectively, many questions remain unanswered regarding the
diagnosis and treatment of patients with bipolar depression. To treat them
more effectively, clinicians need additional diagnostic and screening tools, val-
idated in a variety of practice settings; early detection and intervention pro-
grams; large-scale controlled clinical trials comparing the effectiveness of
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novel interventions and single versus combination therapies; clinical studies to
determine the most effective treatment regimens for patients with bipolar
depression; and, finally, evidence-based standards for medications and psy-
chosocial treatments. Much of that is lacking. However, as the information
contained in this book has shown, new strides are being made daily in this
field.
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