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Many bipolar disorder patients exhibit mixed affective states, which portend a gen-
erally more severe illness course and treatment resistance. In the previous renditions
of Diagnostic and Statistical Manual mixed states were narrowly defined in the context
of bipolar I disorder, but with the advent of DSM-5 the term “mixed episode” was drop-
ped and replaced by “mixed features” specifier which could be broadly applied to manic,
hypomanic and depressive episodes in both the bipolar spectrum and major depressive
disorders. This paradigm shift reflected their significance in the prognosis and overall
management of mood disorders, so that the clinicians should thoroughly familiarize
themselves with the contemporary notions surrounding these conditions. The purpose
of this manuscript is to bring to light the current conceptualizations regarding the etiol-
ogy, pathogenesis and treatment of mixed states. To achieve this goal, in June 2016
an extensive literature search was undertaken using the PubMed database. Some ex-
ploratory terms utilized included “mixed states”, “mixed episodes”, “switching”, “rapid
cycling” cross referenced with “bipolar disorder”. Focusing on the most relevant and
up to date studies, it was revealed that mixed states result from genetic susceptibility
in the circadian and dopamine neurotransmission apparatuses and disturbance in the
intricate catecholamine-acetylcholine neurotransmission balance which leads to mood
fluctuations. The management of mixed states is challenging with atypical anti-
psychotics, newer anticonvulsants and electroconvulsive therapy emerging as the fore-
most treatment options. In conclusion, while progress has been made in the neuro-
biological understanding of mixed states, the currently available therapeutic modal-
ities have only shown limited effectiveness.
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INTRODUCTION

Bipolar disorder (BD) is a chronic psychiatric ailment
with typical onset in adolescence or early adulthood. While
the index episode may manifest as melancholic depression,
hypomanic or manic exacerbations may occur later on in
the course of the disease and are the sine qua non of the
diathesis. It is a prevalent condition and innumerable peo-
ple are afflicted globally, irrespective of sex, race and geo-
graphic location. Vast numbers of patients follow a perni-
cious course, with adverse sequelae in the biopsychosocial
realm. Negatively influencing the prognosis are such fac-
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tors as repeated mood episodes, mixed affective symptoms,
psychiatric and medical comorbidities. The etiopathology
of the illness is still unknown and treatments are mainly
palliative rather than curative in nature. A particularly
difficult matter in the management of bipolar patients is
the occurrence of mixed states and the purpose of the pres-
ent manuscript is to comprehensively address this issue.
The strategy adopted in searching the existing literature
is first described, followed by a detailed account of the clin-
ical significance of mixed symptoms. Then, the current con-
ceptualizations regarding the etiology and pathogenesis of
mixed states are explained, and finally evidence-based
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treatment options are discussed.

SEARCH STRATEGY

In June 2016 the PubMed electronic database was ex-
plored using a variety terms, for example “mixed states”,
“mixed episode”, “switching”, “rapid cycling” cross-refer-
enced with “bipolar disorder”. A very large number of cita-
tions exceeding 1,000 were retrieved with this strategy
which included clinical trials, retrospective and pro-
spective studies, animal experiments, review articles and
case reports. These covered various aspects like causation,
clinical characteristics and management. In order to gain
a current perspective, papers published in the last 10 years
were selected which still numbered over 500; further, it was
noticed that the number of publications has increased sev-
eral fold in the last decade or so. The abstracts of these ar-
ticles were read and their pertinence to the topic under dis-
cussion was determined. About 100 articles were found to
be particularly relevant and were comprised of human and
animal studies and review articles, which shed light on the
subject from different angles. These were read in full and
their reference lists were also consulted. The emerging
themes from this endeavor were synthesized in a succinct
and applicable style to delineate the modern stance on the
etiology, pathogenesis and treatment of mixed affective
states in bipolar disorder.

MIXED SYMPTOMS IN BIPOLAR DISORDER

1. Historical developments regarding the concept of mixed

phenomena

In BD, patients suffer from severe mood fluctuations
which range from major depressive episodes (MDE) to
manic or hypomanic exacerbations. Recognized by Krae-
pelin and described in the 8 edition of his textbook, mixed
s O tates have a high prevalence rate in this ailment." Since
that era, the definition and conceptualization of mixed states

has varied, but with the introduction of the Diagnostic and
Statistical Manual’s 5 edition (DSM-5) in 2013, this no-
tion has crystallized and broadened.” In the preceding
DSM-IV-TR, mixed episode was defined in the context of
BD type I as an occurrence typified by the concurrent pres-
ence of full manic and depressive phenomena in an in-
dividual for at least seven days. This narrow definition was
radically modified in DSM-5, with its redefinition that the
presence of only three symptoms of opposite mood polarity
was sufficient to qualify for the specifier “with mixed fea-
tures”. Moreover, this specifier could be used for a manic
episode in BD type I, hypomanic episode in BD type I or II,
as well as for an MDE in major depressive disorder (MDD).?
The paradigm shift reflected the accumulated research evi-
dence which emphasized the importance of mixed symp-
toms in the clinical, functional, and therapeutic spheres of
affective disorders.* Fig. 1 gives an illustrative account of
the current understanding of mixed states throughout the
entire spectrum of mood disorders and is reflective of the
widening of this concept. Table 1 provides an overview and
diagnostic features of incumbent affective states according
to DSM-5.

2. Broadening of the concept of mixed states

Within the framework of DSM-5 the extension of the per-
ception of mixed states implies that in an affective episode,
clinicians are able to diagnose patients with only few con-
comitant symptoms of opposite mood polarity. Essentially,
this shows that bipolar and MDD patients are more likely
to be considered as having mixed episodes, and while this
is the modern rendition of a century old idea espoused by
Kraepelin, it has significant ramifications for the patho-
genesis and treatment of these ailments. Approximately
40% of patients have mixed episodes, but this figure may
be much higher within the context of DSM-5.” For the im-
proved management of these conditions, it is therefore nec-
essary to cultivate a better understanding of the neuro-
biology and longitudinal course of mixed states.

Manic/hypomanic episode Depressive episode Episode with mixed features

- Elevated/expansive mood

- Inflated self-esteem/
grandiosity

- Overtalkativeness/
pressure of speech

- Flight of ideas/racing
thoughts

- Increased energy/goal
directed activities

- Increased risky activities

- Decreased need for sleep

* Prominent depressed

mood

+ Anhedonia
- Significant weight loss or

gain

* Insomnia or hypersomnia
* Psychomotor agitation or

retardation

- Loss of energy
* Feelings of worthlessness

or guilt

- Decreased concentration/

indecisiveness

- Suicidal ideation/attempt

- Three or more manic/

hypomanic symptoms
in an MDE

- BD type |

- BD type I

- MDD

- Three or more depressive

symptoms in a manic or
hypomanic episode

- BD type |

- BD type Il

FIG. 1. Diagnostic criteria for manic, depressive and mixed states according to DSM-5. As opposed to previous editions, in DSM-5 the
specifier “with mixed features” is used for manic, hypomanic or depressive episodes in bipolar spectrum and major depressive disorders.
The term “mixed episode” used in the context of bipolar disorder type I has been discontinued in DSM-5. BD: bipolar disorder, MDD:

major depressive disorder, MDE: major depressive episode.



TABLE 1. Diagnostic features of different affective states according to DSM-5
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Symptom domain

Hypo/manic episode

Depressive episode

Episode with mixed features

Subjective mood
Hedonic tone

Thought content
Talk

Behavior
Energy
Sleep
Thoughts

Appetite/weight
Duration

Minimum criteria

Elated.

1 involvement in pleasurable
activities.

Grandiose.

1 in rate, rhythm and volume.

Risky behaviors.

1
| need for sleep.
Racing thoughts.

Disrupted meal schedule.

Hypomania-4 days; mania-7 days.

3 depressive features in hypomanic or

manic episode.

Depressed.
Anhedonia.

Worthlessness/guilt.
| in rate, rhythm and volume.

Suicidal acts.

!
Early morning wakening.
Difficulty in thinking/
concentration.
I
14 days.

3 manic features in a depressive
episode.

Varies.
Mixture of both.

Varies.

Incongruent e.g. depressed
mood with pressure of speech.

Contrasting e.g. elevated mood
with suicidal ideation.

[

Severely disturbed.

Incongruent e.g. depressed
mood with racing thoughts.

Severe disruption.

Duration criteria no longer
apply.

Mixed hypomania-BD type I or II.

Mixed mania-BD type I.

Hypomania-impaired but does not
require hospitalization.

Mania-severely impaired/may
need hospitalization.

Functioning

MDE with mixed features-BD
type I or I/MDD.

Impaired according to degree-mild/  Varies according to diagnosis.
moderate/severe.

BD: bipolar disorder, MDD: major depressive disorder, MDE: major depressive episode.

3. Clinical impact of mixed symptoms

In the perspective of bipolar disorder, recurrent euphoric
mania occurs in a small subset of cases comprising about
30% of the patients, whereas dysphoric or mixed mania is
much more prevalent.® Bipolar patients tend to have re-
peated episodes of the same type, so that those suffering
from mixed episodes are prone to exhibiting the same type
of symptoms time and again. They suffer from greater co-
morbid conditions, chief among which are anxiety spec-
trum disorders and ailments due to substance misuse.
Furthermore, due to the presence of depressive phenom-
ena in activated states, these patients are also at greater
risk of completed suicide.” Another factor negatively influ-
encing the prognosis is susceptibility to rapid cycling, in
which patients have brief if any euthymic periods and a per-
sistent symptomatic state is evident throughout the course
of the illness. These facts allude to the pernicious nature
of mixed symptoms, so that the treating physician must be
alert to their presence and be prepared to institute ther-
apeutic strategies which are effective, well tolerated, and
have a good safety profile.® Fig. 2 provides a pictorial out-
line of the burden imposed by mixed affective symptoms on
the illness course in bipolar disorder, with a depiction of the
long term adverse consequences.

4. Clinical trajectory of bipolar disorder

While the onset of BD is frequently in adolescence or the
early teenage years, the first manifestations are varied and
often confusing. A young adult can present with an initial

Dysphoric or mixed

Classic euphoric mania ;
mania

- Increased severit
episodes y of

- Rapid cycling

- Circumscribed epi
pisodes
- Low level of Comorbidities

- Anxiety Spectrum/
subspance use disorders
- 1 Suicidality

- Lithium responsive

- Good prognosis * Hithium nonresponsive

- Poor psychosocial
functioning

S ———

FIG. 2. The burden of mixed symptoms in bipolar disorder. In bipo-
lar disorder mixed states portend a pernicious course with in-
creased suicidality and poor psychosocial functioning.

episode of melancholic depression, or alternatively with a
disturbance of conduct like oppositional defiant disorder or
attention deficit hyperactivity disorder. There may be psy-
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chosocial perturbation with emotional dysregulation, sub-
stance misuse and involvement in risky behaviors. In this
regard, family history may be suggestive, with the pres-
ence of bipolar disorder in 1% degree relatives, but many
symptomatic youth have close family members suffering
from such diverse neuropsychiatric conditions as anxiety
spectrum disorders, substance dependence, or psychotic
spectrum disorders.” With the present state of knowledge
there are still no validated biomarkers for BD, so that the
treating physician has to take a longitudinal perspective
and manage such cases empirically. The course of BD is ma-
lignant in a substantial minority of cases, and as pharma-
cotherapuetic options are limited and there is a presence
of treatment refractoriness, it is a serious issue.'’ Repeated
affective episodes of increasing severity have a pervasive,
negative effect on all aspects of functioning, with adverse
sequelae in the biopsychosocial realm. In this scenario, it
is essential to inculcate better knowledge of the neuro-
biological underpinnings of affective exacerbations, partic-
ularly the pathogenesis of manic and depressive episodes,
the homeostatic disturbances characterizing mixed states,
and neurochemical alterations driving the switch process.

ETIOLOGY AND PATHOGENESIS OF MIXED
STATES IN BIPOLAR DISORDER

1. Circadian dysregulation hypothesis of mood disorders
Mood disorders are exemplified by disruption in the
sleep-wake schedule, disturbance in daily activity levels,
and irregularity of meal times, signifying a profound dis-
order in the circadian system."" While these aspects of af-
fective illnesses have recognized since the mid-20™ cen-
tury, research in the past few decades has progressively
clarified the etiopathological mechanisms underpinning
this correlation.' It has now become obvious that circadian
rhythm disturbance is at the core of mood disorders and this
section of the review will outline the findings from the ex-
tant literature in this regard, with particular reference to-
wards the induction and perpetuation of mixed states.
It has been demonstrated that in patients with BD, mood
exacerbations are provoked by alterations in the intensity
of light and also follow seasonal patterns.'® Further, bipo-
lar subjects show irregularities in key biological processes
that are under circadian control, for example sleep, diurnal
activity, hormone levels and body temperature.'* Mood sta-
bilizing medications such as lithium act to reinstate some of
these disrupted rhythms by producing a robust phase-de-
lay in daily oscillations and increasing rhythmic ampli-
tude, which may be the key to their therapeutic effects."
With the identification and replication of the individual
genes that constitute the molecular clock, it is now possible
to investigate the molecular mechanisms that underlie the
association between the circadian system and mood
disorders. Additionally, new insights are developed that
inform us about the pathogenesis of different phenotypes
within affective disorders, such as mixed states and their
relationship to the dysregulation of the circadian machi-
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nery.'® A brief description of the molecular clock follows to
clarify the sub-cellular events that epitomize the daily,
rhythmic oscillations across the mammalian species.

2. The molecular clock

The main molecular clock is housed in the supraschi-
asmatic nucleus (SCN) in the hypothalamus, and is formed
of a transcription-translation circuit which oscillates over
the duration of about 24 hours, without the contribution of
external environmental cues. The chief activator of tran-
scription is comprised of a dimerized complex of Circadian
Locomotor Output Cycles Kaput (CLOCK) protein and
Brain and Muscle ARNT-like Protein 1 (BMAL1). This mo-
lecular composite binds to Enhancer-box sequences in the
promoters of many genes including the Period (Per) and
Cryptochrome (Cry) genes. The PER and CRY proteins are
translated in the cytoplasm and are phosphorylated by the
priming enzyme, casein kinase 1€ before being targeted by
glycogen synthase kinase 3, causing alterations in their
viability, relationship, and capacity to enter the nucleus.
Upon DNA binding, these inhibit the actions of the
CLOCK/BMAL]1, thus forming a negative feedback loop.
Furthermore, there is another closely related loop in which
the CLOCK/BMALL activate the transcription of orphan
nuclear receptor genes Rev-erb a and Rora which act to re-
press and activate the transcription of Bmall and Clock,
respectively through their interaction with the ROR
elements. As alluded to above, many controlling kinases,
phosphatases, and secondary feedback loops act on the mo-
lecular clock, contributing to further intricacy in the circa-
dian apparatus.'” Significantly, circadian transcription
factors are involved in the regulation and functioning of
several other clock-controlled genes, which partake in a
whole range of homeostatic actions in every body system.
In essence, it is now believed that approximately 50% of the
mammalian genes are expressed rhythmically, which par-
ticipate in a wide array of biological and behavioral func-
tions.'®

3. Switch process in bipolar disorder

In BD, every patient shows signs of manic and depressive
symptoms to a greater or lesser extent and varying patho-
physiological mechanisms expectedly trigger these affec-
tive changes. There is a whole gamut of presentations, as
some patients have rapid fluctuations in symptomatology
extending over days and weeks, while other more severe
cases have concomitant manic and depressive manifes-
tations that alternate over a matter of hours, a phenotype
sometimes referred to as ultra-rapid cycling bipolar di-
sorder.” For effective treatments, the mechanisms under-
lying switching between states need to be discovered, and
this aspect is aptly regarded as the “holy grail of BD re-
search”. In this respect, important insights have been in-
culcated by studying the switch process brought about by
pharmacotherapuetic and chronobiological measures em-
ployed for the management of mood disorders.*



4. Pharmacological triggers of switching

Patients with bipolar depression treated with different
classes of antidepressants exhibit varying frequency of
change over into manic or hypomanic states, and mixed epi-
sodes are also reported to occur with higher frequency in
such cases. Long term treatment with tricyclic antidepre-
ssants (TCAs) has time and again been associated with pro-
ducing this affective change over in up to 70% of recipients.”
TCAs mainly act to block the re-uptake of serotonin and
norepinephrine from the synaptic cleft and these combined
blockers produce manic/hypomanic switches with greater
regularity than selective serotonin re-uptake inhibitors.*
Bupropion, a dual norepinephrine/dopamine re-uptake block-
er also causes switches in about 20% of treated cases, and
this occurs in spite of co-treatment with mood stabilizers.
It therefore appears that increasing synaptic levels of nor-
epinephrine or dopamine via re-uptake inhibition likely
provokes change over from depression to hypomania or ma-
nia, as well as results in the induction of mixed states even
when mood stabilizers are employed adjunctively.?

Alternatively, directly enhancing norepinephrine/dop-
amine levels also results in mania-like behavior. For instance,
therapeutic administration of L-dopa to Parkinson’s dis-
ease patients can provoke mania like behaviors such as
gambling and increased risky activities.”* Furthermore,
indirect dopamine/norepinephrine augmentation by amphet-
amine, a combined re-uptake inhibitor, can cause man-
ic/hypomanic exacerbations in euthymic bipolar patients,
and instigate behavior resembling mania in well indivi-
duals. Confirmation of these effects is derived from re-
search which shows that alterations of dopamine/nor-
epinephrine re-uptake sites can modify the behavioral out-
comes of amphetamines.®

Tyrosine hydroxylase (TH) is the rate limiting enzyme
in dopamine biosynthesis so that administration of the TH
inhibitor a-methyl-para-tyrosine (AMPT) causes depletion
of catecholamines, and reduces symptoms of mania while
increasing depressive manifestations. In one study, hypo-
mania was induced in euthymic bipolar patients after re-
vival from a catecholamine reduction caused by AMPT,
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making it apparent that the regulation of catecholamines
with over-activity is important for switching to an activated
state, whereas the opposite may be true for depression.”®*’

There is much less information about pharmaceutical
agents that can cause switching to a depressive episode.
Physostigmine, a medication employed to enhance memo-
ry in Alzheimer’s disease is an acetylcholinestrase in-
hibitor which prevents the breakdown of acetylcholine,
thus ultimately increasing its synaptic levels. It can de-
crease manic symptoms in BD cases, moreover in healthy
individuals and remitted cases this medication can pro-
duce a state of depression. To extend these findings further,
recent work has shown that enhanced acetylcholine levels
are seen in subjects with both unipolar and bipolar depre-
ssion.”® Additionally, there is change in the expression of
cholinergic receptors in bipolar subjects, giving credence
to the notion that elevated acetylcholine levels purportedly
induce a depressed state in BD patients.”

The working of other neurotransmitters has been stud-
ied to investigate the phenomenon of switching in BD. Both
lamotrigine and riluzole are inhibitors of glutamate re-
lease and neither of these has been associated with the
switch process. Particularly, the former medication is fre-
quently used in the depressed and maintenance phases of
BD, but studies have repeatedly shown that lamotrigine is
not associated with switching into manic/hypomanic
states, does not induce mixed episodes, nor does it lead to
rapid cycling.*® Intravenous administration of ketamine,
an NMDA receptor antagonist is an emerging treatment
for depression, including bipolar depression. No incidence
of ketamine induced switching in depressed bipolar pa-
tients has been reported, making it unlikely that gluta-
matergic signaling is involved in the switch process.”

Fig. 3 provides an illustrated adaptation of the neuro-
chemical imbalance hypothesis of bipolar disorder and em-
phasizes the continuum in symptomatology during the
course of the illness.

5. Chronobiological considerations
In euthymic, unmedicated patients, the switch into ma-

| Bipolar disorder

Mixed states

FIG. 3. Neurotransmitter basis of affec-
tive states in bipolar disorder. Data

| )
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Cathecolaminergic/
cholinergic
Imbalance

Depression

t Acetylcholine

Mania

==

from different lines of evidence, but
most importantly from the admin-

istration of pharmacological agents
has elucidated the neurotransmitter
abnormalities underlying different

t Dopamine

mood states in bipolar disorder. This

hypothesis posits cathecholaminergic/
cholinergic imbalance as central to the

Neurotransmitter dysregulation resulting in different mood states in bipolar disorder

pathogenesis of mixed states. See text
for further details.
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nia has been documented with irregular sleep patterns,
along with increase in catecholamine release.’” Complete
lack of sleep can result in manic exacerbation in up to 30%
of bipolar patients, and can also cause mania like behavior
in healthy controls.? These observations support the social
rhythm disruption or social zeitgeber theory of mood dis-
orders, which speculates that a disturbance in social/bio-
logical rhythms can induce affective episodes in suscep-
tible people. Such disruptions can include stressful life
events, irregular daily schedules and chaotic life style with
disarray in sleep and meal times, while circadian dis-
turbances caused by shift work, transmeridian travel, etc
can also precipitate mood episodes.** Hence, circadian
rhythm irregularities are a major contributor in the patho-
genesis of BD, whereas all effective treatments essentially
resynchronize the biological clock.

In this vein, it must be understood that changes in sea-
sons are among the most important environmental trig-
gers for precipitation of mood episodes.* In seasonal affec-
tive disorder (SAD), vulnerable individuals experience de-
pressive exacerbations during autumn and winter months,
corresponding to shortening of the day. Early morning
bright light therapy has a phase advancing effect and is
therapeutic in SAD, however it is also known to cause swit-
ching into mania, as well as inducing mixed states.” Further,
bipolar patients experience manic episodes at a higher rate
during spring and summer months with the lengthening
of the period of the day.?’ Significantly however, seasonal
variations in BD are correlated to a positive family history,
and thus the illness has a heritable component making this
a genetic-based condition with an affirmative history of the
disorder in family members in 60-80% of cases.

6. Clock genes in bipolar disorder

Several genome wide association studies (GWAS) have
been undertaken in BD but statistically significant corre-
lations have not been forthcoming. This may be because BD
is a diverse condition and the patient populations studied
were too heterogeneous to provide meaningful results. As
such, studying sub-sets of patients with phenotypic sim-
ilarity can be more informative. In a GWAS on subjects
self-proclaiming as having seasonal recurrences of mania
versus non-seasonal bipolar cases, an SNP rs41350144 ly-
ing within the intron of neurofibromin 1A gene on 1p31 was
found to have a statistically significant association in the
former sub-population.® More significantly however, genes
involved in the circadian mechanism have also been im-
plicated in BD. In one study, a causal relationship concern-
ing SNPs in 10 CLOCK related genes which included
ARNTL, CLOCK, CRY2, CK1€, DBP, GSK3p NPAS2,
PERI1, PER2 and PER3 were investigated. Haplotype anal-
yses in ARTNL and PER3 genes were found to be mean-
ingfully connected to BD in the 159 families included in the
study.® There are several other studies that have identi-
fied polymorphisms in the circadian apparatus using can-
didate gene approaches, whose detailed description is be-
yond the scope of this review. However, it can be argued
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that circadian rhythm abnormalities are the cause rather
than the effect of mood disturbances.*

Importantly, rodent models with genetically engineered
mutants have shed light on the involvement of circadian
genes in mood disorders. Mice created by inducing an alter-
ation in the Clock gene (Clock A19) have a phenotype com-
parable to mania in BD. Intriguingly, when these animals
are administered the prototype mood stabilizer, lithium,
their behaviors in large part normalize resembling those
of wild type mice.*" Mutations in other CLOCK genes result
in similar behavioral phenotypes, a prime example being
of transgenic mice overexpressing GSK3p exhibiting man-
ic like profiles.* Utilizing Clock A19 mice, revealing ex-
periments have shown the link between circadian genes,
neurotransmitter functional control, and behavioral phe-
notypes of high clinical relevance.

In an attention-grabbing study mutant mice were en-
gineered by RNA interference using short hairpin RNA
(shRNA) and viral utilized gene transmission to silence
Clock expression exclusively in the ventral tegmental area
(VTA). The animals were next subjected to a range of behav-
ioral, molecular, and physiological measures. It was dis-
covered that disabling Clock specifically in the VTA re-
sulted in hyperactivity and reduction in anxiety-related
behaviors akin to the profile of the Clock A19 animals.
Interestingly, VTA exclusive Clock silencing also caused a
significant rise in depression-like behavior, generating a
largely manic-mixed picture. Furthermore, VTA knock-down
of Clock also changed circadian period and amplitude, im-
plicating Clock in the VTA in the control of daily oscilla-
tions. VTA dopaminergic neurons carrying the Clock
shRNA fired at a greater rate than the non-transfected
neurons. Clock disabling altered the expression of several
ion conduits and dopamine-associated genes in the VTA
which could be responsible for the manifest phenotype in
the modified strains. As a whole, these observations im-
plied a major function for CLOCK in the VTA in the control
of dopamine neurotransmission, expression of behavioral
profile reminiscent of mixed states, and dysregulation of
circadian rhythms.*?

The above mentioned findings were further extended in
a more recently published study which again utilized the
Clock A19 mice having a polymorphism in the CLOCK
gene. The latter is a core regulatory constituent of the circa-
dian transcription machinery and Clock mutant mice dis-
play increased activity, more reward seeking and reduced
anxiety and depression like behaviors, resembling mania
in humans. Mice are nocturnal animals and genetically
modified strains express this phenotype during daytime;
their period of inactivity. Concomitant with this profile,
there is increased firing of VTA dopaminergic neurons,
which is in line with altered mesolimbic dopaminergic ac-
tivity observed in human mania. In an elegantly designed
study, the interconnection between circadian gene interfer-
ence and rapid mood cycling/switching was demonstrated.
Clock A19 mice were used as these exhibited rapid changes
in behavior with an intense, manic-like profile seen throug-



hout the day subsequent to a phase of calm at night. Mood
oscillations corresponded to atypical daytime rises in VTA
dopaminergic neuronal firing, tyrosine hydroxylase (TH)
activity and dopamine biosynthesis. The investigators cre-
ated a novel optogenetic stimulation prototype in wild type
(WT) mice, in which the genetically unaltered strains were
photo-stimulated (ventral tegmental area only) in a chron-
ic fashion for 7 consecutive days (1 hr/d) followed by behav-
ioral and physiological measurements. The WT mice ex-
hibited same rapid cycling behavioral profile as Clock A19
strains and this phenotype persevered for up to 2 weeks af-
ter termination of optic stimulation. Further, time-de-
pendent inhibition of TH activity by alpha-methyl-para-ty-
rosine during the day reversed manic-like behaviors in
both types of experimental animals. Moreover, it was dem-
onstrated that the CLOCK protein was a negative regu-
lator of TH gene transcription, disclosing an original molec-
ular mechanistic link between the circadian apparatus and
mood switching, and shedding light on the pathogenesis of

CLOCK gene polymorphisms

L !

VTA D/A neurons

|

+TH activity

L !

- t+ Mesolimbic D/A transmission
- + DAT functioning

L !

Manic episode

‘ t Cholinergic tone

Mood switching

L !

Mixed states/rapid cycling

FIG. 4. Unifying hypothesis of mood switching and mixed states
in bipolar disorder. In bipolar disorder, circadian rhythm pertur-
bations play a key role. To date, several polymorphisms in the cir-
cadian apparatus genes have been identified. Now a mechanistic
link has been proposed which involves mesolimbic dopamine
transmission. Mutations in Clock genes lead to a hyperdopami-
nergic state and precipitation of manic episodes. Polymorphisms
in the dopamine transporter (DAT) gene further contribute to this
disturbance. Mood switching is secondary to an imbalance in chol-
inergic neurotransmission, with decreased functioning of ace-
tylcholinestrase and increased synaptic acetylcholine. This in-
duces depressive symptoms, and gives rise to mixed states and
rapid cycling. D/A: dopamine, TH: tyrosine hydroxylase, VTA:
ventral tegmental area.
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mood alterations in BD.**

The emerging evidence with respect to the pathogenesis
of mood switching and induction of mixed symptoms in BD
is schematically depicted in Fig. 4.

TREATMENT OF MIXED STATES

The occurrence of mixed symptoms in BD is a common
phenomenon and an estimated 1/3 to 1/2 of suffers may be
effected in this manner.” These cases tend to have repeated
episodes with poor symptomatic and functional recovery.
They often have comorbid anxiety and substance use dis-
orders which further complicate the illness course and re-
sult in treatment refractoriness to currently available psy-
chopharmacological agents.*® Episodes with psychotic fea-
tures may be more common, while the presence of sub-syn-
dromal inter-episode symptoms and rapid cycling worsens
the prognosis.*’ Suicide attempts are frequent in this group
of patients, and there is a greater incidence of completed
suicide in those bipolar sufferers experiencing mixed fea-
tures.*® While evaluating a patient, the clinician must be
alert to the existence of mixed presentations as these gen-
erally indicate a more severe illness trajectory, poor treat-
ment response, and a worse outcome.” The pharmaco-
logical agents employed in the therapy of mixed episodes
are primarily atypical antipsychotics and mood stabilizers,
including newer anticonvulsants.” No single agent is effec-
tive in controlling the manifestations of mixed states and

Antidepressant
monotherapy
contraindicated

Mood stabilizers
including newer
anticonvulasnts
frequently used

Treatment of
mixed states
in bipolar
disorder

Atypical
antipsychotics
valuable singly or
in combination

ECT effective in
refractory cases

FIG. 5. The contemporary perspective of the treatment of mixed
states in bipolar disorder. Mixed states are difficult to treat and
no single agent is effective on its own, so that a combination of med-
ications is often employed. Among the first line drugs are 2" and
3" generation antipsychotics, used alone or in conjunction with
classical mood stabilizers. In this respect newer anticonvulsants
show a favorable profile with good safety and efficacy parameters.
Electroconvulsive therapy is an option in refractory cases.
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combination treatment with two or more medications is the
rule rather than the exception. Consequently, polypharmacy
is common and there is a higher incidence of untoward med-
ication side effects resulting in poor compliance from the
patients.”’ In severe episodes with unsatisfactory response
to psychopharmacological agents, electroconvulsive ther-
apy (ECT) is an alternative strategy that is often rapidly
effective and leads to the resolution of otherwise intract-
able symptoms.” The current understanding of the treat-
ment of mixed states is illustrated in Fig. 5.

The next sections of the manuscript review the evidence
with respect to 2" and 3™ generation antipsychotics, mood
stabilizers including newer anticonvulsants and ECT in
the management of mixed states in BD.

1. Atypical antipsychotics

1) Risperidone: No randomized controlled trials (RCT)
of risperidone in bipolar subjects with mixed symptomatol-
ogy were found in the extant literature. However, an open
label study of risperidone adjunctively to mood stabilizers,
shed light on its usefulness in this group of patients. Forty
cases of BD type I, current episode mixed, were admini-
stered adjunctive risperidone and followed for 20 weeks.
Efficacy parameters were defined using the Young Mania
Rating Scale (YMRS), Montgomery Asberg Depression
Rating Scale (MADRS) and Global Assessment Scale. Re-
peated measures during the study period showed that
non-blinded use of add-on risperidone was more efficacious
in reducing manic as compared to depressive symptoms in
patients experiencing DSM-IV-TR mixed episodes.” In an-
other open label study, risperidone long acting injectable
(RLAI) was administered every 2 weeks (dose: 25-50 mg)
for 3 months to bipolar patients who had rapid cycling and
continued to suffer from affective symptoms in spite of typically
optimal treatment with other psychotropic medications.
The sub-group of subjects with mixed symptoms (defined
as YMRS =16 and any MADRS score) had significant im-
provement at the endpoint using the YMRS and the
Clinical Global Impressions of Bipolar Disorder-Severity
(CGI-BP-S).**

2) Olanzapine: In a pooled analysis from 3 previously
conducted RCTs of olanzapine monotherapy versus place-
bo in acute manic or mixed episodes, DSM-5 criteria were
employed to study sub-populations of BD type I patients
experiencing “mania with mixed features”. The Hamilton
Rating Scale for Depression (HRSD-17) was utilized to
sub-categorize the subjects and the YMRS was the primary
efficacy measure. The post hoc analysis showed that at the
study endpoint of week-3, the active drug was significantly
better than placebo in treating manic episodes with or with-
out mixed features. Further, olanzapine was more effica-
cious in those subjects with mixed symptoms who had a
greater number of depressive features.”

3) Quetiapine: This drug is endorsed by the FDA for man-
ic, depressive and maintenance phases of BD. Its effective-
ness in the continued treatment and prevention of mixed
episodes was demonstrated in a post hoc analysis of 2 main-
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tenance phase studies that used quetiapine or placebo ad-
junctive to classical mood stabilizers lithium or divalproex
sodium for a period of 104 weeks. It was revealed that while
receiving quetiapine + lithium/divalproex as compared to
placebo+mood stabilizer, patients with index mixed epi-
sodes (DSM-IV-TR) had fewer relapses of the same sympto-
matology; moreover, cases with any type of initial episodes
experienced fewer mixed recurrences.” In the absence of
data from acute phase studies, it can be assumed that que-
tiapine has value in the therapy of mixed states in BD.”’

4) Ziprasidone: The extant literature is helpful in delin-
eating the place of ziprasidone in acute manic and mixed
episodes of BD type I, as well as its role as an adjunctive
maintenance drug in stabilized patients. Data from short
term 3 week RCTs is supportive of its efficacy as mono-
therapy in the acute treatment of psychotic or nonpsychotic
manic and mixed episodes. In two 1-year open label extension
studies, ziprasidone showed valid efficacy in the prevention
of manic and mixed episodes adjunctive to mood stabili-
zers.”® In a more recently published RCT, MDD patients
with features suggestive of bipolarity (on the “bipolar spec-
trum”) were either treated with ziprasidone alone or in con-
junction with antidepressants. In comparison with place-
bo, the ziprasidone group was not statistically superior on
the primary efficacy measure of MADRS, indicating that
“mixed depression” may not be treatment responsive to
this agent.”

5) Asenapine: This is a unique 2™ generation antipsy-
chotic with a sub-lingual route of administration, having
a pharmacodynamic effect on several dopaminergic and se-
rotonergic receptors. Data from RCTs is obtainable for the
management of bipolar patients in the acute and main-
tenance phases. In short-term monotherapy trials, asena-
pine was better than placebo in manic and mixed episodes
with evidence of efficacy for depressive symptoms in mixed
states. In maintenance phase studies, it showed similar ef-
ficacy to the well-known medication olanzapine in control-
ling the manic and depressive manifestations of BD.* In
the long-term management of bipolar patients experienc-
ing mixed episodes, a cost-effectiveness study showed that
asenapine was superior to olanzapine as measured by qual-
ity-adjusted life years; increased cost for acquisition of ase-
napine was offset by earlier and sustained improvement in
psychopathological symptoms and the functional domain
with this agent.®'

6) Lurasidone: This atypical antipsychotic is approved
for the treatment of acute bipolar I depression and a re-
cently published post-hoc analysis of an RCT sheds light
on its utility in patients with three or more manic symp-
toms accompanying the MDE. Subjects with YMRS scores
>4 at baseline were considered as having bipolar depres-
sion with mixed features and when administered the active
agent as compared to placebo they showed significant re-
ductions in MADRS, the primary efficacy measure. Rates
of treatment emergent switching to mania or hypomania
were similar in the groups with or without mixed features
and comparable to placebo.®



7) Aripiprazole: This 3™ generation antipsychotic ex-
hibits the pharmacodynamic properties of partial agonism
and functional selectivity at the dopamine Ds receptor, as
well as serotonin-dopamine activity modulation. It is highly
efficacious in schizophrenia, schizoaffective disorder and
BD. Short term RCTs demonstrated its value in acute man-
ic and mixed episodes, whereas long term maintenance tri-
als have shown that aripiprazole is effective in relapse pre-
vention in patients with recurrent manic and mixed
episodes. Overall, evidence from controlled studies is sup-
portive of this medication’s efficacy in bipolar subjects af-
flicted by mixed states; with the added advantage that ari-
piprazole has a favorable safety and tolerability profile.®

2. Mood stabilizers

1) Lithium: This classical mood stabilizer is an inhibitor
of glycogen synthase kinase 3B, which may underlie its
therapeutic action in BD. In so far as management of mixed
states is concerned, evidence shows that lithium has value
in the treatment of classic euphoric mania, while dysphoric
mania is poorly responsive to this agent. The contemporary
perspective dictates that lithium is most useful in acute,
purely manic episodes as standalone therapy or adjunc-
tively with atypical antipsychotics, while it has value as a
maintenance agent in patients with manic polarity of
illness.**

2) Divalproex sodium: Valproate is a histone deacetylase
inhibitor, an action which may result in therapeutic value
in BD. The existing literature supports its efficacy in dys-
phoric mania, rapid cycling, and bipolar depression as
monotherapy or adjunctively to a new generation antip-
sychotic. It can be used in acute episodes as well as prophy-
lactically, with the caveat that careful attention is needed
in individual cases as this medication has myriad adverse
effects including neurologic, hematologic, metabolic, endo-
crine, and teratogenic effects.®

3) Carbamazepine/oxcarbazepine/eslicarbazepine: These
structurally related compounds are primarily used as anti-
convulsants, but have established a niche in the treatment
of mood disorders. Carbamazepine is now most often used
in an extended-release (ER) formulation, which has been
studied in adults with BD type I in at least two RCTs. A
pooled, post hoc analysis revealed that carbamazepine ER
was superior to placebo in treating manic symptoms, while
a sub-group analysis demonstrated that it had valid effi-
cacy in mixed states as measured by YMRS and HRSD.%

Oxcarbazepine is the keto derivative of carbamazepine
and may offer pharmacokinetic advantages over the parent
compound. A systematic review of the literature showed
that there was a paucity of adequately powered RCTs to in-
form about the efficacy of oxcarbazepine in acute episodes
in BD. Studies mainly investigated the treatment of mania,
whereas there were statistics from sub-analysis on mixed
states, rapid cycling and hypomania. Compared to placebo,
this medication was efficacious in acute manic and mixed
episodes, but did not differ from active comparators like
lithium or valproate on efficacy measures. Good quality da-
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ta on patient and clinician related outcomes and safety and
tolerability were not forthcoming, pointing to the need for
suitably conducted trials of proper methodology.®’

Eslicarbazepine is an active metabolite of oxcarbazepine
and has been studied in bipolar disorder. Only one RCT was
identified during the literature search which was con-
ducted in bipolar patients with acute manic episodes. In the
short term (3 weeks), eslicarbazepine was no different from
placebo on YMRS, the primary efficacy parameter. In the
long term (up to 6 months) it showed some efficacy in pre-
venting acute episodes and reducing overall affective
symptomatology, as determined by primary and secondary
(CGI-BP) measures. In these trials, eslicarbazepine had a
good safety and tolerability profile.”® At this stage more
studies are needed to delineate the place of this 3™ gen-
eration anticonvulsant in the treatment of BD.

4) Lamotrigine: Introduced as an anticonvulsant, this
medication was extensively studied in BD. A summation
of the evidence from controlled trials leads to the following
conclusions:*

(1) There is lack of proof of the effectiveness in acute

manic and mixed episodes in monotherapy trials.

(2) Some data support its usefulness in acute bipolar de-
pression, but this effect is limited to milder presen-
tations.

(3) Inthe long-term treatment of BD, lamotrigine is not
efficacious in the prophylaxis of manic or mixed
recurrences.

(4) It appears to have valid efficacy as a maintenance
agent in bipolar subjects suffering from predominantly
depressive recurrences.

(5) It is not an effective treatment for rapid cycling.

(6) Lamotrigine’s use in BD is not associated with manic
switching or induction of mixed episodes.

5) Topiramate: This novel anticonvulsant is unique as
its use is associated with weight reduction, so that it is an
appealing treatment option in BD subjects with raised
body mass index, as well as in children and adolescents af-
flicted by this ailment. While randomized controlled trials
do not endorse its efficacy in acute manic or mixed episodes,
data from open label studies is more supportive of top-
iramate’s role in BD. One such study employed topiramate
with olanzapine in bipolar subjects with mixed symptoma-
tology for up to 1 year. The combination was well tolerated
and the patients showed significant improvement on key
efficacy measures like the YMRS, HRSD and CGI-BP.
Additionally, the weight gaining effect of olanzapine was
apparently countered by adjunctive topiramate, with a net
weight reduction of 0.5 kg in cases who completed the 1 year
study period.™

6) Gabapentin/pregabalin: Developed as antiepileptics,
the gabapentinoids are often employed for the alleviation
of neuropathic pain. These medications have been studied
in affective disorders, and although controlled trials are
not supportive of their role in BD, open label studies point
to their usefulness in bipolar spectrum disorders. The fol-
lowing observations are made after examining the extant
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literature:"

(1) Gabapentinoids are an option in refractory cases.

(2) These may be particularly useful in bipolar subjects
suffering from comorbid anxiety spectrum disorders.

(3) These may be considered as second line agents in
subjects with rapid cycling, mixed states and sub-th-
reshold affective symptoms.

(4) These have valid efficacy in substance use disorders,
particularly alcohol spectrum disorders which are
frequently comorbid with BD.

(5) Bipolar patients with neurological conditions like
neuropathic pain, migraine, restless legs syndrome
and dizziness may benefit from these agents.

(6) Last but not the least, these have a favorable phar-
macokinetic profile with good safety and tolerability
to validate their use in BD.

3. Electroconvulsive therapy (ECT)
There are an increasing number of studies on the appli-

cation of different cerebral stimulation techniques in the
treatment of mood disorders. These include ECT, repeti-
tive transcranial magnetic stimulation, vagus nerve stim-
ulation, and deep brain stimulation. With regards to effec-
tiveness, the existing literature is most supportive of ECT
which emerges as a rapidly effective measure in intractable
cases who are not showing response to manipulation with
existing psychopharmacological agents. ECT is a valid
treatment option in actively suicidal patients, catatonic
cases, subjects with refractory mixed states and those ex-
hibiting persistent, severe affective symptomatology poor-
ly responsive to pharmacotherapy.” Table 2 provides a
summary of effectiveness of treatment measures on mixed
mood states in bipolar disorder.

CONCLUSIONS

In this review an effort has been made to highlight the
clinical burden of mixed affective symptoms in BD, with

TABLE 2. Efficacy of biological treatment strategies for mixed states in bipolar disorder

Atypical Effect on manic

Effect on depressive

Relapse prevention

antipsychotics symptoms symptoms (mixed episodes) Comments

Risperidone + + + Manic symptoms more responsive. RCT
evidence equivocal for depressive
manifestations.

Paliperidone + — + Paliperidone palmitate efficacious in
schizoaffective disorder.

Olanzapine + + + Best evidence for DSM-5 “with mixed
features” specifier.

Quetiapine + + + Effective in all phases of BD.

Ziprasidone + + - “Mixed depression” poorly responsive.

Asenapine + + + Similar efficacy to olanzapine, with
better cost-effectiveness.

Aripiprazole + - + Consistently more effective for manic
than depressive symptoms.

Classical MS

Lithium — — - Poor evidence of efficacy in mixed
episodes.

Valproate + + — Efficacious in acute mixed
episodes/RC/bipolar depression.

Carbamazepine + + + Evidence equivocal with respect to
mixed episodes.

Lamotrigine - + + Best evidence as maintenance agent
(depressive polarity).

Combination treatment

Valproate +olanzapine + + + Mixed episodes respond well to the
combination strategy.

Lithium +olanzapine + + + Manic symptoms better responsive than
depressive symptoms.

Lithium/valproate + + + + Good evidence for prevention of mixed

quetiapine episodes.
Lithium/valproate + + + + Efficacy against manic/depressive
aripiprazole symptoms of acute mixed episodes.
ECT + + + Effective in acute mixed episodes.

BD: bipolar disorder, DSM-5: diagnostic and statistical manual 5™ edition, ECT: electroconvulsive therapy, M'S: mood stabilizers, RC:

rapid cycling, RCT: randomized controlled trial.
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particular reference to the broadening of the concept en-
shrined in DSM-5. Currently, the “mixed features” speci-
fier can be applied to manic, hypomanic, and depressive ep-
isodes in both the bipolar spectrum and major depressive
disorders. Therefore, with this paradigm shift many more
mood disorder patients would be diagnosed with mixed
states. In this scenario there is an overwhelming need to
understand the neurobiological underpinnings of mixed
states and the related phenomena of mood switching and
rapid cycling. To fulfill this requirement, the current theo-
rization involving circadian genes, neurotransmitters and
fluctuations in affective states is presented. While the cat-
echolamine-acetylcholine imbalance remains a hypoth-
esis, emerging evidence is increasingly supportive of the
contemporary premise and further elucidation of the un-
derlying mechanisms that may result in important in-
sights into the pathophysiology of bipolar disorder. Whereas,
current treatment methods are mainly palliative, new
knowledge can lead to an improved understanding and bet-
ter and more effective therapies for sufferers with the bipo-
lar diathesis.
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