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Abstract

Objective: To primarily determine the effect of ziprasidone augmentation therapy on 

sleep architecture, specifically slow wave sleep (SWS) and rapid eye movement sleep 

(REM), in the treatment of bipolar depression.  Secondarily, to determine the effect of 

ziprasidone augmentation treatment on clinical measures of subjective sleep quality and

illness severity.  Finally, to examine the correlation between change in sleep architecture 

and change in clinical measures.

Methods: This was a prospective, double-blind, randomized, placebo-controlled study. 

14 patients with bipolar disorder currently experiencing a major depressive episode were 

included.  Patients were on a stable medication regime for 4 weeks prior to study 

enrollment and throughout the study.  Sleep architecture was measured by overnight, 

ambulatory polysomnography. Subjective sleep quality was assessed using the self-

reported Pittsburgh Sleep Quality Index, Epworth Sleepiness Scale and a visual analogue 

scale.  Illness severity was determined using the 17 item Hamilton Depression Rating 

Scale (HAMD-17), the Montgomery Asberg Depression Rating Scale (MADRS), the 

Hamilton Anxiety Rating Scale (HAMA) and the Clinical Global Impression-Severity 

scale (CGI-S).  Polysomnographs and clinical measures were administered at baseline, 

after 2-5 days and after 28-31 days of treatment.  

Results:  There was no significant difference between ziprasidone and placebo treated 

groups on age, gender, diagnosis, education level, employment or marital status and 

number of children.  Duration of SWS, latency to REM, duration of stage 2 sleep, total 

sleep time, onset to sleep latency, sleep efficiency and number of awakenings 
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significantly improved in ziprasidone treated participants over placebo, whereas duration 

of REM sleep did not. CGI-S and HAMA scores were significantly improved with 

ziprasidone treatment.  No significant difference between treatment groups was seen on 

the HAMD-17 and MADRS or in self-reported sleep quality. Change in REM sleep 

significantly correlated to change in subjective sleep quality in the ziprasidone group. 

Conclusion: Ziprasidone augmentation treatment in bipolar depression improves SWS 

duration, REM latency, and sleep continuity while also having a beneficial effect on 

overall illness severity and anxiety symptoms.
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Chapter 1: General Introduction

Sleep disturbances constitute a core symptom of mood disorders.  Between 50% 

and 90% of depressed patients complain of sleep disruption, typically sleep onset 

insomnia, frequent nocturnal arousals, and early morning awakenings (Tsuno, Besset & 

Ritchie, 2005).  A minority of patients report excessive sleep, otherwise known as 

hypersomnia.  Sleep disturbance is such a fundamental aspect of bipolar disorder (BD)

that the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental 

Disorders (DSM-IV-TR) (2000) criteria for manic or hypomanic episodes includes 

“reduced need for sleep” and for major depressive episode, includes “insomnia or 

hypersomnia nearly every day”.  Furthermore, the correlations between sleep disruption

and BD are closely interconnected such that sleep disturbances are not only a symptom 

but can also be used as a predictor for switching stages (Harvey, 2008).  Normal sleep 

architecture in BD is altered, impairing quality of life, contributing to relapse and 

disrupting affect regulation.  Hence, patient care and treatment should include an 

assessment focusing on sleep function, as well as appropriate measures to improve and 

optimize sleep architecture. 

Sleep can be separated into two main components, namely Rapid Eye Movement 

(REM) and Non-REM (NREM) sleep.  Normal sleep architecture consists of periods of 

both REM and NREM sleep, which alternate in a cyclic fashion.  The first hours of sleep 

normally include a high percentage of time spent in NREM sleep, which is divided into 

four stages with transition from one stage to the next.  Stages 1 and 2 are described as a 
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transition from drowsiness to light sleep, whereas stages 3 and 4 are collectively known 

as slow wave sleep (SWS).  As sleep progresses, more time is spent in the REM stage, 

which allows for deep sleep to occur.  This normal sleep structure is altered in all 

subtypes of BD. 

Manic and mixed patients show a decreased need to sleep, along with 

disinhibition of REM sleep, which is also demonstrated in bipolar depression (Kupfer, 

1995).  REM disinhibition features shortened latency to REM sleep and prolonged total 

REM sleep duration.  Depressed bipolar patients show the greatest trend towards sleep 

fragmentation including reduced SWS duration, along with impaired sleep continuity and 

efficiency.  Impairments in sleep continuity include prolonged sleep latency, increased 

number of intermittent arousals and early morning awakenings (Argyropoulos & Wilson, 

2005).  In depressed patients, REM disinhibition (Germain et al., 2004a) and reduced 

SWS (Perlis et al., 1997) are highly correlated with severity of depression and clinical 

outcomes.  Furthermore, these disturbances in sleep architecture are specific to depression 

such that they are lacking in patients with chronic primary insomnia (Lustberg & 

Reynolds, 2000).  

The reciprocal interaction model assumes that sleep disturbance in depression is 

due to dysfunction of the central neurotransmitter (NT) systems: acetylcholine (Ach), 

norepinephrine (NE) and serotonin (5-HT), all of which are highly involved in

modulating mood and sleep-wakefulness (Hobson et al., 1975).  Ach is involved in 

stimulating REM sleep, whereas NE and 5-HT work to inhibit REM sleep.  Hence, REM 
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sleep regulation depends on the balance between these systems.  Depression is strongly 

associated with increased central Ach levels, and decreased 5-HT and NE transmission. 

This imbalance has been held responsible for the disinhibition of REM sleep seen in 

bipolar depression.  Overactivation of the cholinergic system and deficient 

monoaminergic transmission may also promote increased wakefulness resulting in 

reduced sleep continuity and efficiency (Sharpley & Cowen, 1995).  Furthermore, 5-HT 

receptors, which have been shown to be dysfunctional in depression, play a critical role in 

regulating SWS and overall sleep continuity (Leonard & Cryan, 2000).

Many treatment guidelines for bipolar depression feature complex 

polypharmacological regimes, which often include the augmentation of antidepressants 

and/or mood stabilizers with other psychotropic medications.  Antidepressants can 

produce changes in sleep architecture as reflected by the sleep electroencephalogram of 

patients.  Although different classes of antidepressants produce varying effects on sleep 

patterns, the most common effect of antidepressants on sleep is REM suppression 

(Wilson & Argyropoulos, 2005).  This beneficial effect is thought to be caused by

enhancing monoamine functioning and/or by increasing Ach blockade.  Only a limited 

number of antidepressants have been linked to normalizing SWS, such as paroxetine

(Argyropoulos et al., 2009) and trazodone (Scharf & Sachais, 1990).  They are thought to 

produce this effect due to their affinity for 5-HT2A/2C receptors.  Effects on sleep 

architecture have also been reported on the commonly used mood stabilizer, lithium, 

which has been shown to increase SWS and decrease REM durations (Kupfer et al., 
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1974).  However, the majority of bipolar patients suffering from a major depressive 

episode fail to respond to traditional antidepressant or mood stabilizer treatments alone 

and hence, augmentation strategies are taken into effect.

Several atypical antipsychotic (AA) medications used in augmentation strategies 

in the treatment of bipolar depression have also been shown to alter sleep architecture.  

Studies using polysomnography (PSG), have shown that olanzapine augmentation 

improves latency to and duration of SWS, along with improving overall sleep efficiency 

and continuity in unipolar and bipolar depressed patients (Lazowski et al., in press; 

Sharpley et al., 2005).  No consistent effects were reported on REM sleep.  It has been 

suggested by Sharpley and colleagues that 5-HT2A/2C receptor blockade properties of 

olanzapine are responsible for these effects.  Quetiapine augmentation has also been 

shown to have beneficial effects on sleep architecture with decreased REM sleep and 

increased NREM sleep, specifically during stage 2 (Gedge et al., 2010).  However, no 

changes were seen regarding sleep continuity or SWS. Risperidone has been shown to 

suppress REM sleep and wakefulness in depressed patients (Sharpley et al., 2003).  

However, risperidone has also not been shown to affect SWS.

Ziprasidone, which is one of the newer AAs, has been shown to have beneficial 

antidepressant effects in bipolar depression (Liebowitz et al., 2009).   It is an effective 

antagonist at the dopamine DA2 and 5-HT2A/2C receptors with high affinity profiles.  

Ziprasidone is also a full agonist at the 5-HT1A receptor while quetiapine is only a partial 

agonist at the same site (Seeger et al., 2005).  Furthermore, ziprasidone has been shown to 
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prevent the reuptake of both 5-HT and NE, an effect unique amongst AA medication.  

These properties suggest that ziprasidone may contribute to the normalization of sleep 

patterns.  To date, however, there has only been one study where the effect of ziprasidone 

on sleep architecture has been investigated.  In a PSG study of twelve healthy male

volunteers, Cohrs and colleagues (2005) demonstrated that ziprasidone treatment is 

associated with significant improvement in sleep continuity and efficiency with reduced 

REM sleep, and significant increases in REM latency, percentage of stage 2 sleep and 

SWS.  Cohrs et al. suggest that these sleep effects may be a result of ziprasidone-induced 

antagonism of 5-HT2A/2C receptors, agonism of the 5-HT1A receptor, and due to 

monoamine reuptake inhibition.  Although the effects of ziprasidone have not yet been 

correlated to its effects on sleep architecture, it represents a plausible mechanism of 

action.  Therefore, ziprasidone augmentation in the treatment of bipolar depression may 

affect two major symptoms including sleep disruption and depressed mood.
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Chapter 2: Literature Review

2.1 Bipolar Depression

2.1.1 Clinical Characteristics.

Bipolar disorder also known as manic depression is a psychiatric mood disorder 

that involves unusual shifts of mood and energy.  BD patients experience distinct 

emotional states called mood episodes that include mania, hypomania and major 

depression.   Manic episodes are defined as distinct periods of exceptional euphoria or 

irritability encompassed by elevated levels of energy and activity that last at least one 

week in duration or lead to hospitalization (Geller et al., 2002).  According to the 

American Psychiatric Association (DSM-IV-TR, 2000),  during these periods, three or 

more (four or more, if irritable mood) of the following symptoms must persist and be 

present to a significant degree: 1) grandiosity; 2) decreased need for sleep; 3) increased 

speech; 4) racing thoughts; 5) distractibility; 6) increase in goal-directed activity or 

psychomotor agitation; 7) excessive involvement in pleasurable activities or risks where 

consequences are ignored.  A milder form of mania is called hypomania where the 

symptoms of mania are expressed to a less severe degree, lasting at least four days in 

duration, are not disruptive and do not impair functioning or require hospitalization 

(Calabrese et al., 2004).  According to the DSM-IV-TR (2000), a major depressive episode 

(MDE) consists of five or more of the following symptoms occurring nearly every day for 

at least a two week period, during which significant distress or functional impairment is 

experienced: 1) depressed mood most of the day; 2) markedly diminished interest or 
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pleasure; 3) significant weight loss or decrease/increase in appetite; 4) insomnia or 

hypersomnia; 5) psychomotor agitation or retardation; 6) fatigue; 7) feelings of 

worthlessness or excessive guilt; 8) diminished ability to concentrate; 9) recurrent 

thoughts of death, suicidal ideation, or suicide attempt.  The episodes of (hypo)mania and 

depression may exist as either pure or mixed episodes.  When a mood episode includes 

symptoms of both (hypo)mania and depression, it is called a mixed state.  Patients in this 

state may feel extremely energized while feeling very sad at the same time.

The DSM-IV-TR (2000) recognizes four basic types of BD: bipolar I disorder 

(BDI), bipolar II disorder (BDII), bipolar disorder not otherwise specified (BDNOS), and 

cyclothymia.  Those who experience cycles of manic, mixed, and often depressive 

episodes during their illness, are said to have BDI.  People, who have shifting episodes of 

hypomania and depression but no full manic or mixed phases, are said to have BDII.  

BDNOS is diagnosed when a person has symptoms of the illness that do not meet the 

diagnostic criteria for either BDI or BDII.  The symptoms may not last long enough, or 

the person may present with too few symptoms but the symptoms are clearly out of the 

person's normal range of behavior.  A milder form of BD is cyclothymia where patients 

have shifting episodes of hypomania and mild depression for at least two years, but the 

symptoms do not meet the diagnostic criteria for any other type of BD.

Despite a considerable overlap in clinical characteristics, many studies have lent 

evidence in support of the qualitative differences in the phenomenology between unipolar 

and bipolar depression (Chang et al., 2009).  The most common form of unipolar 
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depression is major depressive disorder (MDD), which consists of one or more MDE(s) 

(Kennedy, 2008).  Early age of onset of depression that is more acute, a high frequency of 

depressive episodes and a family history of BD are each suggestive of bipolar rather than 

unipolar depression (Mansell, Colom & Scott, 2005).  In addition, bipolar depressed 

episodes are of shorter duration, lasting around 4 months on average (Angst & Preisig, 

1995).  Compared with MDD, bipolar depression is more likely to manifest with atypical 

symptoms including hypersomnia and hyperphagia while major depression is often 

accompanied by insomnia and weight loss (Mitchell & Malhi, 2004).  Lability of mood 

may also suggest hidden bipolarity.  Psychosis, psychomotor retardation and pathological 

guilt are features that are more commonly observed in BDI or in unipolar depressed 

patients who later convert to BD (Mitchell et al., 2008).

Although the (hypo)manic phases of BD constitute the distinctive hallmark of the 

illness, depression is the predominant affect (Mitchell & Malhi, 2004).  Depressive 

symptoms are the single most frequent initial symptom of BD.  In an epidemiological 

study, Lewinsohn and colleagues (1995) showed that bipolar youths are ten times more 

likely to have had an initial mood episode of depression compared to mania.  In addition, 

depressive symptoms also occur more frequently during periods of apparent remission.  

Two reports from the National Institute of Mental Health Clinical Collaborative 

Depression Study demonstrated that depressive symptoms largely remain in the long term 

(Judd et al., 2002; Judd et al., 2003a).  Both studies highlighted the prolonged natural 

duration of depressed and manic episodes after apparent recovery from BD.  First, a 
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prospective longitudinal study assessing weekly symptoms of 146 BDI patients through a 

mean of 12.8 years of follow-up showed that patients experienced depressive symptoms 

for over 30% of the follow-up period (Judd et al., 2002).  This predominated over 

(hypo)manic and cycling/mixed symptoms which, only accounted for 8.9% and 5.9% of 

the period, respectively.  Even more striking were the findings for 86 BDII patients over 

an average of 13.4 years of follow-up (Judd et al., 2003a).  They showed depressive 

symptoms 50.3% of the weeks compared to 1.3% and 5.9% of weeks spent in 

(hypo)mania or cycling with mixed symptoms, respectively.  Sub-syndromal depressive 

symptoms were nearly three times as frequent as major depression in both BDI and BDII 

patients.  However, when compared to BDI, patients with BDII were more likely to 

experience MDEs and also had a more chronic course of the disorder (Judd et al., 2003b).  

2.1.2 Epidemiology.

BD is a severe and persistent mental illness that is associated with significant 

disability and mortality (Mitchell & Malhi, 2004).  A study conducted by the World 

Health Organization identified BD as the 6th leading cause of disability world-wide 

among those aged 15-44 (Murray & Lopez, 1996).  Tremendous societal costs are also 

associated with BD (Das Gupta & Guest, 2002).

A nationally representative sample of the United States adult population found 

that the lifetime prevalence of BDI and BDII are approximately 1.0% and 1.1%, 

respectively (Kessler & Merikangas, 2004).  When BDNOS is included, the total lifetime 

prevalence for all BDs is 4.5%.  The 12 month prevalence for BDI, BDII and BDNOS is 
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0.6%, 0.8% and 1.4%, respectively, and the mean, retrospectively reported age at onset of 

the first MDE or (hypo)manic episode occurs earlier for BDI and BDII at 18.2 and 20.3 

years, respectively than for BDNOS at 22.2 years of age (Merikangas et al., 2007).  In a 

community survey of BD in Canada, young age, low income adequacy, lifetime anxiety 

disorder, and presence of a substance use disorder in the past 12 months were each 

significantly associated with the presence of a BD diagnosis with the largest association 

for the presence of an anxiety disorder (Schaffer et al., 2006).  Angst and Sallero (2000) 

reported that there may be a significant gender effect with women with BD experiencing 

more pure depressed episodes that are not coupled with (hypo)mania compared to males.

Symptoms of bipolar depression occur with greater frequency, last longer and 

cause more disruption than (hypo)mania leading to greater disability and economic 

burden (Mitchell & Malhi, 2004).  Role impairment in all domains of the Sheenan 

Disability Scale are reported at higher proportions due to 12 month MDE in BD where 

89.3% with BDI, 91.4% with BDII, and 78.8% with BDNOS, report severe impairment 

while 73.1% with BDI, 64.6% with BDII and 45.9% with BDNOS, report impairment due 

to 12 month (hypo)mania (Merikangas et al., 2007). The functional level of BD patients 

is correlated inversely with the severity of depression (Altshuler et al., 2002); however, 

no significant correlation is seen with manic symptoms (Bauer et al., 2001).   In a 

healthcare utilization study of a large US private insurer, it was reported that BD patients 

utilized three to four times the healthcare costs of the average patient in the organization, 

with bipolar depression incurring the highest expenditure, higher than that due to mania 
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or mixed episodes (Bryant-Comstock et al., 2002).  Furthermore, bipolar depression 

accounts for most of the mortality due to BD (Mitchell & Malhi, 2004).

Suicide is largely linked with BD with lifetime rates of completed suicide as high 

as 10% to 19% (Muller-Oelinghausen, Berghofer & Bauer, 2002), predominantly 

occurring during the depressed phase of the illness than during mania or mixed episodes 

(Isometsa et al., 1994).  The rate of attempted suicide is more common in BD than MDD 

with a range of 26-29% versus 14-16%, respectively (Chen & Dilsaver, 1996).  A study 

of 648 individuals with BD found that the key factors associated with suicide attempts 

include a history of sexual abuse, a lack of confidant prior to illness onset, more previous 

hospitalizations for depression, a cluster B personality disorder and suicidal thoughts 

when depressed (Leverich et al., 2003).  Suicidal ideation is reported by close to 80% of 

those with bipolar depression, also occurring much more commonly in that particular 

component of the illness (Dilsaver et al., 1997).  BDII patients are at a higher risk of 

suicide than those with BDI and this has been linked to the more frequent periods of 

depression found in the former condition (Rihmer & Kiss, 2002).

2.1.3 Pathophysiology.

Studies utilizing biochemical, neuroendocrine and neuroimaging strategies have 

uncovered that the psychobiology of depression includes monoamine signaling 

dysfunction, hypothalamic-pituitary adrenal axis (HPA) disruption, and a number of 

central nervous system (CNS) abnormalities (Bowden, 1997; Goodwin & Jamison, 1990).  

The pathophysiology of bipolar and unipolar depression is similar with some distinct 
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differences between the two and in both cases, focus has largely been on the biogenic 

amine NTs.

Clinical research strategies over the years have identified dysregulation of 

dopaminergic, serotonergic, noradrenergic, and cholinergic systems as well as HPA 

dysfunction in patients with depression (Howland & Thase, 1999).  Biogenic amine NT 

systems are extensively involved in the maintenance of the interconnected limbic, striatal 

and fronto-cortical neuronal circuits (Manji, 1992).  Regulation of emotion states, sleep, 

appetite, arousal, sexual function and endocrine function is largely mediated by this 

interconnected network.  Clinically, bipolar depression involves disruption in all of these 

areas (Holsboer, 1995).  Furthermore, it has been discovered that various pharmacological 

agents that act at monoamine receptor sites produce improvements in depression 

(Goodwin & Jamison, 1990).  These findings led to the development of reuptake 

inhibitors of specific monoamine systems. The efficacy of these selective reuptake 

inhibitors further strengthened the monoamine hypothesis of depression.  Hence, 

monoamine NT systems are likely candidates underlying the behavioural manifestations 

and the pathophysiology of depression in BD (Manji & Lenox, 2000). 

Several lines of evidence point to a crucial role of the dopamine (DA) system in 

the ventral tegmental area in mood disorders.  DA neurons from here project to the 

nucleus accumbens and the cerebral cortex, which constitute the mesocorticolimbic 

dopaminergic system and underlie the neural circuitry of reward, pleasure, and 

motivational behavior (Depue & Zald, 1993).  Indeed, loss of pleasure and motivation are 
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central features of depression.  In fact, excessively low DA activity is posited to be the 

hallmark of depression.  The strongest direct finding from clinical studies implicating this 

is low cerebrospinal fluid (CSF) levels of the DA metabolite, homovanillic acid 

(Goodwin & Jamison, 1990).   This is one of the most consistent biochemical findings in 

both bipolar and unipolar depressed patients with comparable levels in both (Manji & 

Potter, 1997).  Hence, DA reuptake inhibitors such as bupropion are efficacious 

antidepressants (Naranjo et al., 2001).

There is substantial evidence for a critical role of alterations of serotonergic 

neurotransmission in MDEs (Goodwin & Jamison, 1990; Maes et al., 1995).  5-HT plays 

a significant role in the core symptoms of bipolar depression including mood, sleep, 

appetite, sexual activity, circadian patterns, motor activity and cognitive functions 

(Meltzer, 1990).  Furthermore, it has been reported that deficits in the 5-HT regulation of

NE and DA are important in the etiology of mood disorders (Depue & Zald, 1993).  

Overall, investigators have reported reduced levels of the 5-HT metabolite 5-

hydroxyindoleacetic acid.  This has been observed post-mortem in the brainstems of 

patients who died during bipolar depressive episodes (Young et al., 1994) and in CSF 

levels of patients with bipolar depression compared to age matched healthy controls 

(Asberg et al., 1984).  Post-mortem studies have also demonstrated lower concentrations 

of 5-HT uptake sites in the frontal cortex (Leake et al., 1991).  More recently, a positron 

emission tomography (PET) study reported reduced 5-HT1A transporter receptor binding 

potential in the raphe and hippocampus-amygdala of non-medicated patients with bipolar 



14

depression compared with controls (Drevets et al., 1999).  Agonists to postsynaptic 5-

HT1A receptors have been well documented in relieving depression and anxiety, by 

enhancing 5-HT neurotransmission (Naughton, Mulrooney & Leonard, 2000).

Noradrenergic system abnormalities also exist extensively in depression (Manji & 

Potter, 1997).  NE plays a significant role in executive functioning by regulating 

cognition, motivation, and intellect, which are fundamentally altered in depressed 

patients, greatly affecting their quality of life (Moret & Briley, 2011).  Delgado and 

Moreno (2000) proposed that NE’s role in depression is specifically linked with the 

prefrontal cortex, where it plays an important role in the acquisition and consolidation of 

emotionally arousing memories, and also in fear conditioning through activity in the 

amygdala.  Paradigms studying NE receptor function in depression tend to suggest super-

sensitivity of the inhibitory α2- adrenergic receptor leading to an overall decrease in NE 

activity (Ressler & Nemeroff, 1999).  Studies of the NE metabolite, methoxy-4-

hydroxyphenylglycol (MHPG) in the CSF of BD patients have consistently reported 

reduced levels during the depressed state (Bowden, 1997).  Consistent reports regarding 

MHPG levels in the CSF of unipolar depressed patients have not been attainable.  

However, the most uniform finding seen with antidepressant treatment is decreased NE 

turnover, leading to improved neurotransmission. 

Much of the evidence supporting the involvement of the cholinergic system in 

mood disorders comes from reports of an overactive and hyper-responsive Ach system in 

depression.  Additional support is found from a study looking at the administration of the 
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acetylcholinesterase inhibitor, physostigmine, in which, induction of depression was 

observed in manic cases while worsening of depressive symptoms was reported for those 

already in a MDE (Janowsky & Overstreet, 1995).  Furthermore, cholinergic and 

muscarinic receptor agonists have been shown to exasperate PSG and neuroendocrine 

responses in people in a depressive state (Janowsky, Overstreet & Nurnberger, 1994).  

Therefore, blocking Ach activity may help normalize depressive symptoms. 

Increased HPA activity associated with bipolar depression poses important long-

term consequences when glucocorticoids interacting with NT systems and brain peptides 

result in neuroplastic alterations (Holsboer, 2001).  Chronic stress or glucocorticoid 

administration has been demonstrated to produce atrophy and death of vulnerable 

hippocampal neurons in rodents and primates (Sapolsky, 2000).  In fact, hippocampal 

volume loss has been associated with recurrent MDEs in BD patients and may represent a 

consequence of glucocorticoid neurotoxicity (MacQueen et al., 2003).  Apart from 

changes in neuroplasticity, dysfunctional HPA activity may change aspects of circadian 

rhythms including sleep regulation.  Several other CNS abnormalities have also been 

reported in depression.

Volumetric studies of patients with BD suggest that in comparison to healthy 

controls, prefrontal and subgenual cingulate volumes are reduced (Drevets et al., 1997).  

In particular, grey matter volume reduction, ventral to the genu of the corpus callosum 

has been reported in bipolar depressed patients (Malhi et al., 2004).  These structural 

abnormalities have been associated with contribution to feelings of guilt, worthlessness 
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and dysphoria.  In addition, a recent functional neuroimaging study reported 

hypofrontality in patients with BD, a term given to reflect reduced regional cerebral blood 

flow and glucose metabolism (Drevets, 2000).  Drevets and colleagues (1997) reported a 

specific metabolic decrease in the subgenual prefrontal cortex in patients with bipolar 

depression compared with healthy controls.  Hypofrontality has been associated with 

disturbed sleep in depressed patients (Ho et al., 1996; Nofzinger et al., 2000).  Clinical 

distinction between MDD and BD arises with differing subcortical changes in areas such 

as the basal ganglia and amygdala, which are smaller in unipolar depressed patients but 

are enlarged in the latter group of patients (Strakowski et al., 1999).  These areas have 

been associated with psychomotor-anhedonia symptoms on the Beck Depression 

Inventory in bipolar depressed patients (Cuellar, Johnson & Winters, 2005).

These finding suggest that the pathophysiology of bipolar depression is more 

complex than just an alteration in the levels of NTs. For some patients, depression may 

be more directly caused by dysfunction in brain areas or neuronal systems modulated by 

certain NT systems like monoamines.  Antidepressant medication may improve 

depressive symptomology by balancing neurotransmission while also normalizing HPA 

dysfunction, leading to restored function in brain areas modulated by these chemicals.

2.2 Sleep

Sleep is the product of the combined influences of brain NTs, homeostatic drive 

and circadian oscillations, which interact to govern sleep onset, quality and maintenance 

(Plante & Winkelman, 2008).  It is a condition of the body where the postural muscles 
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relax, and eyes close while movements and response to the environment are suspended 

(Roth, 2004).  Objective information about the process of sleep can be obtained using the 

methodology of PSG.  Three fundamental measures include brain wave activity as 

measured by electroencephalogram (EEG), muscle tone measured by electromyogram 

(EMG), and eye movements recorded with an electro-oculogram (EOG).  In general, the 

average adult sleeps for about 7-8 hours per night.  The amount of sleep should be 

sufficient for the sleeper to feel rested and refreshed.  When experts chart sleep stages on 

a hypnogram, the pattern that the different levels create is referred to as sleep architecture.

2.2.1 Sleep Architecture.

Sleep architecture can be separated into two main components, namely NREM 

and REM sleep. EEG patterns consist of low-voltage, rhythmic alpha activity (8-13Hz) 

during the transition from wakefulness to sleep (Santamaria & Chiappa, 1987).  This is 

immediately followed by periods of both NREM and REM sleep that alternate in a cyclic 

fashion.  

The first hours of sleep normally include a high percentage of time spent in 

NREM sleep, divided into four stages with transition from one stage to the next.  Hence, 

the process of falling asleep is indicated by subsequent occurrences of sleep stages 1, 2, 3 

and 4.  Stage 1 sleep described as transition from drowsiness to light sleep, is 

characterized by a slowing of EEG activity and mainly low voltage, mixed frequency (4-

8Hz) theta waves.  Theta activity continues into stage 2 sleep with interspersed,

distinctive waveforms (12-14Hz) called sleep spindles (Pinel, 1992).  Stages 1 and 2 are 
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relatively light stages of sleep with diminished muscle activity, little or no eye 

movements, and a low arousal threshold leaving individuals to be easily awoken (Erwin, 

Somerville & Radtke, 1984).

Stages 3 and 4 are collectively known as slow wave sleep (SWS) or delta sleep 

because they are characterized by slow, synchronized (0.5-2Hz), high amplitude delta 

waves.   Typically, stage 3 is considered delta sleep in which, less than 50% of the waves 

are delta waves, and in stage 4, there is a quantitative increase such that delta waves

represent more than 50% the EEG tracing (Pinel, 1992).  SWS is considered deep sleep as 

it has a much higher arousal threshold, eye movements are not observed and muscle tone 

continues to decline (Hirshkowitz, 2004).  During this period, some restorative processes 

in the body take place such as the release of growth hormone.  Further, SWS follows a 

homeostatic pattern; the longer the time since last sleep, the more SWS occurs (Wilson & 

Argyropoulos, 2005).  As sleep progresses, more time is spent in the REM stage.

REM sleep is characterized by faster EEG activity (alpha waves similar to 

wakefulness) that allows for dream sleep to occur.  REM is also characterized by 

frequent, horizontal rapid eye movements and atonia of the skeletal muscles (Wilson & 

Argyropoulos, 2005).  However, many small muscle twitches may occur against the low 

EMG background and cardio-respiratory irregularities also often accompany REM.  The 

physiology of REM sleep is so dramatically different from the other four stages that sleep 

has been distinguished into the two major kinds of sleep: NREM and REM sleep.
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Normal sleep architecture in young healthy humans consists of 4-5 regular sleep 

cycles, each lasting about 90-120 minutes, per night (Roth, 2004).  The period of 

wakefulness accounts for about 5% of the sleep cycle.  Stage 1 sleep accounts for about 

2-5% of the total sleep time, representing the least occupied stage.  In addition to its role 

in the initial wake to sleep transition, stage 1 sleep occurs as a transitional stage 

throughout the night.   Stage 2 sleep makes up for 45-55% of total sleep time, a large 

proportion of normal sleep architecture.  Stages 3 and 4 generally constitute 

approximately 3-8% and 10-15%, respectively.  Hence, SWS sleep accounts for 

approximately 13-23% of the sleep cycle, whereas REM sleep makes up about 20-25% 

(Kryger, Roth & Dement, 2005).    The first half of the night is dominated by SWS but 

with each successive cycle, REM periods progressively increase such that the second half 

of the night is dominated more by REM sleep (Pinel, 1992).  In general, no consistent 

male versus female distinctions have been found in the normal pattern of sleep in young 

adults.  

Aging and certain medical conditions are physiologically associated with sleep 

fragmentation.  The most prominent effects of increased age include decreased SWS and 

more time spent awake (Wilson & Argyropoulos, 2005).  Other effects include 

suppressed REM sleep, increased light sleep in stages 1 and 2, and a progressive increase 

of EEG arousals and latency to sleep onset (Boselli et al., 1998).  These effects often 

cause reduced sleep efficiency and for the total time in bed to increase, which can lead to 

complaints of insomnia.  Sleep fragmentation results from the increase in overnight 
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arousals and may be exacerbated by medical conditions such as sleep apnea (Kryger et 

al., 2005).  The most common type of sleep apnea is obstructive sleep apnea (OSA), 

which is often caused by the airway being collapsed or blocked during sleep due to low 

muscle tone of the throat and negative upper airway pressure.  This results in shallow 

breathing or breathing pauses, and loud snoring.  Central sleep apnea (CSA) is a less 

occurring form that occurs due to loss of brain control towards the breathing muscles 

(Erman, 2006). As a result, no effort to breathe is made for brief periods. The presence of 

OSA or CSA may diminish the effects of pharmacological treatments in depression.

2.2.2 Physiology of Sleep.

The switch for sleep onset is considered to be the result of GABAergic cells in the 

ventrolateral preoptic nucleus of the anterior hypothalamus.  This region shows increased 

activity during the transition from wakefulness to NREM, and is also responsible for the 

overall maintenance of sleep.   GABAergic cells here innervate and inhibit arousal or 

wake-promoting cholinergic regions in the hypothalamus and brainstem such as the 

tuberomammillary nucleus, locus coeruleus (LC), and dorsal raphe nuclei (DRN) 

(Murillo-Rodriguez et al., 2009).   Inhibition of DA neurons in the tuberoinfundibular 

region of the hypothalamus is also a critical step toward sleep onset.  The 

tuberoinfundibular region projects rostrally to the intralaminar nuclei of the thalamus and 

to the cerebral cortex.  Overall inhibition results in functional disconnection between the 

brainstem and the more rostral thalamus and cortex leading to a decrease in ascending 
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thalamic cholinergic transmissions and deactivation of cortical responsiveness (Rodrigo 

& Thomas, 2004).  

NREM sleep is further maintained through oscillations between the thalamus and 

the cortex.  Sleep spindles, a hallmark of stage 2 sleep, are generated by bursts of 

hyperpolarizing GABAergic neurons in the reticular nucleus of the thalamus.  As 

hyperpolarization of the thalamocortical neurons progresses, delta waves representative of 

SWS are produced by interactions from both thalamic reticular and cortical pyramidal 

sources (Steriade, 2003).  The regulation of SWS is further linked with 5-HT pathways, in 

particular, the 5-HT2A/2C receptors (Staner et al., 2001).  Selective agonists to 5-HT2A/2C,

dose-dependently increase waking while receptor blockade results in enhanced duration 

of SWS, a robust and substantial effect in both healthy volunteers and poor sleepers 

(Sharpley et al., 1994; Viola et al., 2002).  

REM sleep is generated by the cholinergic mediated "REM-on neurons" in the 

laterodorsal and pedunculopontine tegmental nuclei (LDT and PPT, respectively).  

Inactive histaminergic cells of the posterior hypothalamus are also REM-promoting. 

However, when active, these cells are wake-promoting.   LDT and PPT neurons use Ach 

to trigger cortical desynchrony via ascending (hypo)thalamic projections to the cortex 

(Markov & Goldman, 2006).  Cortical desynchrony also described as low voltage, mixed 

frequency, is the EEG hallmark of REM sleep.  Pharmacologic effects reflective of the 

cholinergic mediation of REM sleep include induction of REM with cholinergic agonists 

and delayed REM onset with anticholinergics (Sharpley & Cowen, 1995). 
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REM sleep is terminated by serotonergic DRN and noradrenergic LC “REM-off 

neurons”.  These neurons work to inhibit REM-on cholinergic cells.  5-HT and NE

neurons of these regions fire maximally during wakefulness, decrease firing during SWS 

and become inactive during REM (Monti & Jantos, 2008).  When their discharge level 

becomes low enough, REM-on cells escape from inhibition and become active, 

generating REM sleep.  It has been reported that 5-HT1A receptors are involved in the 

regulation of REM sleep (Staner et al., 2001).  High levels of 5-HT1A receptor mRNA and 

binding sites are located on cholinergic cells of the PPT and LDT (Pompeiano et al., 

1992). Agonists of postsynaptic 5-HT1A receptors and an antagonist of presynaptic 5-

HT1A autoreceptors have been shown to inhibit REM sleep (Landolt & Wehrle, 2009). 

The effect of NE receptor mechanism on REM sleep is more complex.  However, a

consistent finding is that drugs that selectively inhibit NE reuptake, decrease overall REM 

sleep making the facilitation of NE function important in the reduction of REM sleep 

(Sharpley & Cowen, 1995).  Hence, medications, such as antidepressants, that facilitate 

monoamine function can cause a pharmacologic suppression of REM sleep.

Neuroimaging studies of NREM sleep in healthy subjects show that the metabolic 

demand of the brain decreases such that the blood flow throughout the brain is 

progressively reduced (Dang-Vu et al., 2007).  This is specifically characterized in the 

mesencephalic brainstem, thalamus, and basal forebrain (Germain et al., 2004b).  PET 

and functional imaging studies during REM sleep show that blood flow increases in the 

thalamus and primary visual, motor, and sensory cortices (Braun et al., 1997; Desseilles 
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et al., 2008), while the dorsolateral prefrontal and parietal associational regions are 

comparatively deactivated (Maquet & Franck, 1997).  Furthermore, several anterior 

limbic and paralimbic structures including the sub- and pregenual anterior cingulate 

cortices, the amygdala and the insular cortex, areas involved in affective processes are 

even more activated during REM sleep than during waking (Maquet et al., 1996;

Nofzinger et al., 1997). Nofzinger and colleagues (1999) designated a collective term for 

these regions called “the anterior paralimbic REM activation axis”.  The increase in blood 

flow to the primary visual regions and amygdala may explain the vivid nature and 

affective involvement of dreaming associated with the REM stage.  

2.2.3 Relationship between Sleep Disturbance and Bipolar Depression.

Sleep disturbances are frequently present in patients suffering from mood 

disorders, and similarly, individuals with abnormal sleep are more likely to present with 

psychiatric illness.  It has been estimated that 90% of patients with depression complain 

about sleep quality, most commonly diminished and non-refreshing sleep (Tsuno, Besset 

& Ritchie, 2005).  Patients also complain of difficulty falling asleep, frequent nocturnal 

arousals or fragmented sleep, and frequent early morning awakenings described as initial 

insomnia, middle insomnia and late insomnia, respectively (Argyropoulos & Wilson, 

2005).  A minority of patients report excessive sleep, otherwise known as hypersomnia. 

In addition, a community-based epidemiological study showed that adults experiencing 

insomnia and hypersomnia are far more likely to be suffering from psychiatric illness 



24

with rates of 40% and 46.5%, respectively compared to those without sleep complaints 

with a rate of 16.4% (Ford & Kamerow, 1989).

Sleep disturbance is among the most prominent correlates of depressive episodes 

and inadequate recovery in BD.  The correlations between sleep disturbances and BD are 

closely interconnected such that the DSM-IV-TR (2000) incorporates sleep disturbance as 

official diagnostic criteria: reduced need for sleep is a symptom of (hypo)manic episodes 

and insomnia or hypersomnia are listed as symptoms of MDE.  Further, it appears that 

although sleep is significantly impaired during the inter-episode period of BD, sleep 

disturbance escalates just before a MDE and worsens still further during an episode 

(Harvey, 2008).  Hence, sleep disturbances are not only a symptom of BD but they can 

also be used as a predictor for switching stages. Beyond clinical significance, 

management of sleep disturbance and manipulations in sleep architecture are important 

determinants of treatment compliance, and are potential indicators of response to 

treatment and relapse (Van Bemmel, 1997).

Normal sleep architecture in bipolar depression is altered impairing quality of life, 

contributing to relapse and disrupting affect regulation.  Poor sleep is known to have 

significant negative psychosocial, occupational, health, and economic effects (Ancoli-

Israel & Roth, 1999).  Furthermore, chronic sleep disturbances are linked with greater 

psychological distress and impairments in daytime functioning.  Various lines of evidence 

suggest that sleep disturbance contributes to relapse in BD.  In a systematic review of 73 

reports of prodromal symptoms in BD and unipolar depression, Jackson and colleagues 
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(2003) found that sleep disruption was the sixth most common prodrome of depression in 

BD patients.  Indeed, studies have stressed the importance of stable sleep-wake rhythms 

and proper sleep hygiene to prevent relapses in remitted bipolar depressed patients

(Brown et al., 1996; Frank et al., 1997).  In addition, it has been well established that 

sleep loss (Barbini et al., 1996) or induced sleep deprivation (Wehr et al., 1982) are

associated with the development of (hypo)mania.  Another reason for concern about 

chronic sleep disturbance in bipolar depression is that sleep is critical for affect regulation 

because otherwise, mood is adversely affected (Plante & Winkelman, 2008).

2.2.4 Sleep Architecture in Bipolar Depression.

Sleep architecture is altered in all phases of BD but is more fragmented in bipolar 

depression. The most common sleep disturbances in patients experiencing a MDE include 

problems with sleep continuity, reduced SWS and disinhibition of REM sleep.  They have 

prolonged sleep latency taking longer to fall asleep, have more frequent arousals during 

sleep and more early morning awakenings.  This fragmentation leads to reduced sleep 

efficiency and suppressed total sleep time (Argyropoulos & Wilson, 2005). Reduced 

NREM sleep in sleep stages 1 and 2 has also been reported, but less consistently so 

(Sharpley & Cowen, 1995).  However, both the absolute (minutes) and relative (% of 

total sleep time) measures of SWS have been consistently shown to be markedly 

diminished (Benca et al., 1997).  This is reflected in quantitative EEG analysis by 

generally fewer waves in the delta band, particularly early in the night (Armitage, 1994).  

Finally, REM sleep abnormalities include reduced REM latency such that it takes a 
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shorter amount of time to enter REM sleep from sleep onset and also, enhanced REM 

duration with more REM sleep occurring during the first part of the night and more REM 

periods occurring throughout the night (Kupfer, 1995).  In depressed patients, the 

disinhibition of REM sleep (Germain et al., 2004a) and reduction in SWS (Perlis et al., 

1997) are highly correlated with severity of depression and clinical outcomes.

Although much of the empirical research has focused on disturbances of sleep 

architecture in patients experiencing a MDE in MDD, some studies report differences 

amongst patients with unipolar and bipolar depression.  Bipolar depression has been 

shown to be accompanied by hypersomnia rather than insomnia as seen in MDD.  

Hypersomnia in these patients is described as increased duration of nocturnal sleep, often 

with difficulty waking up in the morning and increased napping during the day (Plante & 

Winkelman, 2008).   Rates of hypersomnia vary between 23% and 78%, and the rates of 

insomnia vary considerably, with one study reporting insomnia in 100% of depressed 

bipolar patients (Harvey, 2008).  Riemann and colleagues (2002) conducted a 

comparison of sleep architecture in 27 patients with bipolar (combined BDI and BDII) 

depression and with 27 unipolar patients that were matched for age, gender and severity 

of depression.  Bipolar depressed patients demonstrated more reduced sleep efficiency, 

greater number of arousals and REM sleep, compared to unipolar patients.  Further, 

percentage of SWS as total sleep time was significantly decreased in bipolar versus 

unipolar patients.  Therefore, it seems that although unipolar and bipolar depressed 

patients show similar sleep disturbances compared to controls, certain sleep abnormalities 
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are more pronounced in bipolar depression.  However, studies of the past comparing these 

patients groups failed to detect any significant difference in nocturnal sleep patterns 

(Berger et al., 1982; Duncan, Pettigrew & Gillin, 1979; Lauer et al., 1992).

2.2.5 Psychobiology of Sleep Disturbance in Bipolar Depression.

The explanations for the sleep abnormalities during a MDE have prominently 

focused on Hobson and McCarley’s reciprocal interaction model (Hobson et al., 1975) of 

NREM and REM sleep regulation. However, circadian and neuroendocrine abnormalities 

such as increased cortisol secretion and suppressed growth hormone secretion have also 

been observed in depressed patients during sleep (Germain et al., 2004b).  According to 

the reciprocal interaction model, sleep disturbance in depression is due to dysfunction of 

central NT systems, namely Ach, NE and 5-HT, which represent common 

neurobiological substrates underlying impairments in the regulation of mood and sleep-

wakefulness.  

Normally, Ach stimulates REM sleep via REM-on neurons, whereas 5-HT and 

NE inhibit REM via REM-off neurons (Markov & Goldman, 2006).  Thus, REM sleep 

regulation depends on a balance between the inhibitory influence of monoamines and the 

excitatory influence of Ach.  Depression is associated with elevated levels of Ach and 

suppressed levels of NE and 5-HT.  Hence, this imbalance is held responsible for the 

disinhibition of REM sleep observed in depressed patients.   Overactivation of the 

cholinergic system and deficient monoaminergic transmission may also promote 

increased wakefulness resulting in reduced sleep continuity and efficiency (Sharpley & 
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Cowen, 1995).  Furthermore, 5-HT2A/2C receptors are highly involved in the regulation of 

SWS, whereas 5-HT1A receptors modulate REM sleep.  The postsynaptic 5-HT2 receptors 

have been shown to be dysfunctional in depression (Leonard & Cryan, 2000).  The 5-

HT1A subtype is also of primary importance because it controls the firing of the 5-HT 

neuron and the release of 5-HT.  

Neuroimaging studies demonstrate that enhanced or reduced activity of certain 

brain regions correlate with specific sleep architectural disturbances in depression.  

During NREM sleep, depressed patients have higher whole brain glucose metabolism 

compared to healthy subjects (Ho et al., 1996).  This may prevent further reduction of 

cerebral activity, disabling depressed patients from achieving maximal cortical 

deactivation as seen in healthy subjects.  The reduction in cortical activity from 

wakefulness to NREM sleep is important for the restoration of higher-order cognitive 

functions during sleep.  Specifically, depressed patients show less of a decrease in relative 

regional cerebral metabolic rate of glucose (rCMRglc) in the left and right laterodorsal 

frontal gyri, right medial prefrontal cortex, right superior and middle temporal gyri, 

insula, right posterior cingulate cortex, lingual gyrus, visual cortex, cerebellar vermis, and 

left thalamus (Germain et al., 2004b).  Conversely, Ho and colleagues demonstrated 

hypofrontality and hypometabolism in several midline areas including the medial 

thalamus, anterior cingulate gyrus, striatum, and medio-orbital frontal lobe.  During REM 

sleep, both healthy control subjects and depressed individuals show activation of the 

anterior paralimbic structures.  However, the spatial extent of this is greater for depressed 
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patients.  Depressed patients have also been shown to have relatively greater activity in 

bilateral dorsolateral prefrontal, left premotor, primary sensorimotor, midbrain reticular 

formation and left parietal cortices during REM sleep (Nofzinger et al., 2004).  REM 

density in sleep of patients with depression positively correlates with rCMRglc in the 

striate cortex, posterior parietal cortices, and the medial and ventrolateral prefrontal 

cortices (Germain et al., 2004a).  Finally, electrophysiological arousal has been shown to 

correlate with glucose metabolism in the ventromedial prefrontal cortex (VMF) in 

depressed patients (Nofzinger et al., 2000).  Given the increase in nocturnal and early 

morning awakenings in depression, and the known anatomical relations between the VMF 

and brain activating structures, the VMF may be linked with mediating sleep continuity 

disturbances in depressed patients.

2.3 Pharmacological Treatments for Bipolar Depression and Effects on Sleep

Bipolar depression is the predominant abnormal mood state in BD (Mitchell & 

Malhi, 2004).  However, the major emphasis in clinical management has largely focused 

on the acute control of (hypo)manic episodes due to the marked disruption while the 

significance of the depressed phase has been greatly underestimated.  Also, many studies 

have failed to distinguish between MDD and bipolar depression leading to many 

treatments used in the management of major depression to be adopted for use in bipolar 

depression without any robust evidence of efficacy (Malhi, Mitchell & Salim, 2003).

Treatment guidelines for bipolar depression feature complex pharmacological 

regimes, which often include the augmentation of antidepressants and/or mood stabilizers
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with other psychotropic medications.  The Canadian Network for Mood and Anxiety 

Treatment (CANMAT) guidelines propose lithium, lamotrigine, quetiapine monotherapy, 

olanzapine plus selective serotonin reuptake inhibitor (SSRI), lithium plus divalproex and 

lithium or divalproex plus SSRI ⁄bupropion as first-line options for the management of 

bipolar depression (Yatham et al., 2009). The second-line treatment options include 

quetiapine plus SSRI, lithium or divalproex plus lamotrigine and divalproex 

monotherapy.  After second-line treatments have failed, treatment options include other 

antidepressants in combination with antipsychotics and mood stabilizers as well as non-

pharmacological treatments.

Pharmacological agents in the treatment of bipolar depression have shown to 

produce varying changes in sleep architecture including REM sleep, SWS and sleep 

continuity (Sharpley & Cowen, 1995).  This has been linked to their ability to produce 

alterations in monoamine neurotransmission which, is found to be abnormal in bipolar 

depression.  Indeed, abnormalities in monoamine function contribute to sleep 

disturbances that occur in depressed patients (Mendelson, 1991).

2.3.1 Antidepressants.

There are several categories of antidepressants based on their mechanism of action 

including the SSRIs, serotonin and norepinephrine reuptake inhibitors (SNRIs), 

norepinephrine and dopamine reuptake inhibitors (NDRIs), tricyclic antidepressants 

(TCAs), monoamine oxidase inhibitors (MAOIs) and others that do not fit into these 

categories (Stahl, 1996). Commonly studied SSRIs in the treatment of bipolar depression 
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include fluoxetine and paroxetine.  A common SNRI is venlafaxine.  Bupropion is one of

few NDRIs. The TCAs include clomipramine, imipramine and desipramine and the most 

common MAOIs are tranylcypromine and moclobemide.  Two antidepressants that are 

thought to be likely effective in the treatment of bipolar depression which, do not fit into 

any of these categories include mirtazapine and trazodone.

Fluoxetine and paroxetine enhance serotonergic neurotransmission through potent 

and selective inhibition of neuronal reuptake of 5-HT along with having moderate affinity 

as NE reuptake inhibitors (Owens et al., 1997).  Both SSRIs have been shown to be

efficacious in the treatment of bipolar depression (Cohn et al., 1989; Simpson & DePaulo, 

1991).  The most consistently reported effects of fluoxetine and paroxetine on sleep in 

depressed patients are REM suppression expressed as decreased REM time and increased 

REM latency, decreased sleep efficiency, delayed sleep onset, and increased number of 

awakenings (Gillin et al., 1997; Staner et al., 1995; Trivedi et al., 1999).

Venlafaxine is a selective dual action reuptake inhibitor with its predominant 

pharmacological profile at low doses involving inhibition of 5-HT reuptake and at higher 

doses, the NE reuptake inhibition becomes a more prominent effect (Richelson, 1996).  

Practitioners surveyed by Sachs et al. (2000) ranked venlafaxine as the next, best choice 

of treatment for bipolar depression for patients not responding to SSRIs or bupropion.  A

double blind, placebo-controlled study of venlafaxine in patients with major depression 

demonstrated sleep effects similar to that of SSRIs (Luthringer et al., 1996).  Venlafaxine 
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treated patients showed increased wake time after sleep onset, along with significant 

REM suppression.  

Bupropion works via noradrenergic and dopaminergic mechanisms without 

having any serotonergic effects (Ascher et al., 1995).  This amino ketone derivative is 

ranked by the American Psychiatric Association (1994) as the coequal of the SSRIs for 

treatment of bipolar depression.  The primary effects of bupropion treatment on sleep 

architecture involve changes in REM parameters including shortened REM latency, and 

increased percentage of REM sleep and total REM time (Nofzinger et al.,1995).

Conversely, another long-term study of bupropion treatment in depression reported 

significant REM suppression (Ott et al., 2004).  Hence, bupropion represents one of the 

few antidepressant drugs that have varying effects on REM sleep. 

The majority of the TCAs act primarily as SNRIs.  However, in addition to their 

reuptake inhibition, many TCAs also have affinity for various muscarinic, histaminergic, 

and adrenergic receptors (Cusack, Nelson & Richelson, 1994). TCAs remain useful third-

or fourth-line medications for selected bipolar depression patients (Frances, Docherty &

Kahn, 1996).  PSG studies of the TCAs in depression have largely supported REM 

suppression, as identified by increased REM latency and decreased percentage of REM 

sleep (Sharpley & Cowen, 1995).  Clomipramine and imipramine seem to be the most 

REM suppressing (Wilson & Argyropoulos, 2005).  Other TCAs, such as desipramine 

prolong sleep onset latency, reduce sleep efficiency, and increase awakening after sleep 

onset (Kupfer et al., 1991). 
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For patients who do not respond to modern antidepressants such as SSRIs, NSRIs 

and bupropion, the MAOIs have the best track record in the treatment of bipolar 

depression (Thase & Sachs, 2000).   Tranylcypromine is an irreversible and non-selective 

inhibitor of both the A and B forms of monoamine oxidase (MAO) while moclobemide is 

a reversible and selective inhibitor of the A type of MAO.  Both MAOIs have been shown 

to be effective in the treatment of bipolar depression (Himmelhoch et al., 1991; Thase et 

al., 1992).  Furthermore, Angst and Stabl (1992) reported that moclobemide and TCAs 

are equally effective.  Despite their efficacy in treating bipolar depression, MAOIs are 

used much less commonly due to side effects and dietary restrictions (Thase, Trivedi & 

Rush, 1995).  PSG studies have confirmed a tendency for potent REM suppression along 

with prolonged sleep latency and impaired sleep continuity associated with increased 

awakenings in patients treated with irreversible MAOIs (Wyatt et al., 1971). Suppression 

of REM by the reversible MAOIs such as moclobemide appears to be much less 

pronounced (Monti, 1989).

Antidepressants such as mirtazapine and trazodone have demonstrated efficacy in 

the treatment of unipolar depression.  Although their likely effectiveness in bipolar 

depression treatment has been proposed, no controlled data or definitive results have been 

demonstrated as of yet (Malhi et al., 2003).  Mirtazapine is characterized by potent 

antagonism of the autoreceptors responsible for homeostatic maintenance of monoamines 

leading to increased monoamine levels (Stahl, 1996).  It also blocks 5-HT2 receptors, 

similar to trazodone.  Mirtazapine has been shown to have a robust and sustained effect in 



34

improving sleep continuity in depressed patients, particularly producing significant 

reduction in sleep latency and increase in total sleep time and efficiency (Winokur et al., 

2000).  However, no effect on REM sleep or SWS was seen.  In healthy volunteers, 

mirtazapine administration decreased sleep latency and wake time, while increasing SWS 

and REM latency (Ruigt et al., 1990).  No suppression of REM duration was observed.  

Conversely, the most consistently reported effect of trazodone on sleep in depressed 

patients is REM suppression, expressed as either decreased REM time or REM 

percentage, or increased REM latency (Scharf & Sachais, 1990; Ware et al., 1994).  

However, reports on SWS in trazodone treatment have varied between studies.  Mouret et 

al. (1988) noted increased SWS in depressed patients, as did Yamadera et al. (1998) in 

healthy subjects.  In another study, trazodone did not influence sleep continuity or SWS, 

but led to significant REM suppression (Van Bemmel et al., 1992).  

The majority of antidepressant drugs have been consistently shown to suppress 

REM sleep.  SWS and sleep continuity measures are also affected by antidepressants, but 

the effects are much less consistent between drugs and even within drugs.  Hence, few 

antidepressant treatments result in an improvement in sleep architecture above the 

suppression of REM.  Furthermore, ‘switching’, which is the induction of (hypo)mania by 

antidepressants remains a major concern in the treatment of bipolar depression.  

2.3.2 Mood Stabilizers.

The most frequently used mood stabilizers in the treatment of bipolar depression 

include lithium, lamotrigine and divalproex.  In terms of sleep, lithium is the commonly 
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studied mood stabilizer in the treatment of depression.  It improves dopaminergic and 

serotonergic neurotransmission while its effects on NE are biphasic with increased levels 

during acute use that return to baseline levels with chronic usage (Lenox & Hahn, 2000).   

Lithium also modulates signal transduction mechanisms and gene expression leading to 

neuroprotective effects.  Eight of nine double-blind trials versus placebo suggest that 

lithium is superior to placebo in treating bipolar depression (Zornberg & Pope 1993).  

However, lithium monotherapy in bipolar depression is limited as it may take up to 6 to 8 

weeks to exert an antidepressant effect.  Lithium is more efficacious in the augmentation 

of antidepressants for which there is robust evidence in patients with bipolar depression 

(Malhi et al., 2003). Lithium treatment in healthy volunteers has been shown to increase 

nocturnal awakening and SWS duration while decreasing the percent of actual sleep time 

and REM duration (Friston et al., 1989).  Kupfer and colleagues (1974) reported 

increased SWS and decreased REM durations in depressed patients treated with lithium.  

However, the results are not entirely clear as manic patients were also included in the 

study.  

With respect to newer prophylactic drugs such as lamotrigine and divalproex, data 

regarding sleep architecture effects in patients with depression, is lacking.  However, 

studies in epileptic patients show that sodium valproate (a compound that comprises 

divalproex) is associated with suppressed REM activity and enhanced SWS (Harding et 

al., 1985) while, lamotrigine has been shown to increase REM sleep (Foldvary et al., 

2001). 
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2.3.3 Antipsychotic Medication.

Antipsychotics have also been used in the treatment of bipolar depression and are 

often used as augmentation agents to mood stabilizers and conventional antidepressants

(Suppes et al., 1999).  However, patients with BD are at greater risk of developing tardive 

dyskinesia compared to other patient groups, hence, the novel or atypical antipsychotics 

(AAs) are favoured over the older neuroleptics (Tohen et al., 1999).  AAs that have been 

investigated in the treatment of bipolar depression include olanzapine, risperidone, 

quetiapine and ziprasidone.

Olanzapine is a thienobenzodiazepine derivative with potent antagonist properties 

at 5-HT2A receptors that exceed its binding affinity for DA2 receptors (Rues, 1997).  It 

also has a high affinity for various other DA and 5-HT receptor subtypes with moderate 

affinity for muscarinic M1-M5, α1-adrenergic and histamine H1 receptors.  In a double-

blind, eight week randomized control trial (RCT) conducted in more than 700 patients 

with pure BDI depressive episodes, olanzapine monotherapy was significantly more 

effective than placebo but significantly less effective than the combination of olanzapine 

and fluoxetine (Tohen et al., 2003). The advantage of the combined therapy over 

monotherapy extended beyond symptom relief to various quality of life indicators (Shi et 

al., 2004). This led to the Food and Drug Administration’s (FDA) approval of olanzapine 

in combination with fluoxetine for the treatment of depressive episodes associated with 

BD (Thase, 2005).  Commonly reported findings of olanzapine treatment on the sleep of

healthy volunteers include increased SWS, total sleep time and sleep efficiency along 



37

with reduced total wake time (Giménez, 2007; Lindberg et al., 2002).  Studies of healthy 

volunteers have also reported REM suppression in terms of both reduced REM duration 

and increased REM latency (Sharpley, Vassallo & Cowen, 2000).  To date, two studies 

have examined the effect of olanzapine augmentation on sleep architecture in patients 

experiencing a MDE.  Sharpley and colleagues (2005) reported significant increases in 

percentage of SWS, total sleep time, sleep efficiency and total NREM sleep duration with 

reduced total wake time and sleep latency, after 3 weeks of treatment.  An increase in 

REM latency was also observed, however, this effect dissipated by the end of 3 weeks.  

Furthermore, the study only included participants with unipolar MDD.  More recently, a 

prospective, double-blind, randomized, placebo-controlled PSG study including patients 

with MDD or BD currently experiencing a MDE reported similar findings (Lazowski, in 

press).  However, no improvement in REM sleep was observed.

Quetiapine is another second generation antipsychotic that is approved by the 

FDA to treat depressive episodes associated with BD (Thase, 2005).  It acts as an 

antagonist at 5-HT1A, 5-HT2, DA1, DA2, histamine H1, and α1- and α2-adrenergic

receptors.  Results from the BOLDER I and II studies, which were two large, multi-center 

RCTs show that quetiapine is efficacious in the treatment of acute bipolar depression as 

monotherapy (Calabrese et al., 2005; Thase et al., 2006). These studies led to guidelines 

recommending quetiapine for use as first-line monotherapy treatment for bipolar 

depression (Yatham et al., 2009). However, in a 12-month open-label study, quetiapine 

augmentation was also shown to be helpful to and relatively well tolerated by patients 
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with bipolar depression (Milev, Abraham & Zaheer, 2006).  In healthy volunteers, 

quetiapine has been reported to increase total sleep time and percent of time in stage 2

sleep, improve sleep efficiency, and to reduce percent of REM time and latencies to sleep 

stages 1 and 2 (Cohrs et al., 2004).  Latency to REM and SWS duration, however, were 

unaffected.  Only one study to date has examined the effect of quetiapine on sleep in 

MDE in both unipolar and bipolar depression.  Quetiapine augmentation resulted in a 

decrease in REM sleep and an increase in NREM sleep, specifically stage 2.  However, 

no changes were seen regarding sleep continuity or SWS (Gedge et al., 2010). 

Risperidone has high affinity for 5-HT2, DA2, and α1-adrenoreceptors while 

having low affinity for α2-adrenoreceptors and histamine H1 receptors (Arnt & Skarsfeldt, 

1998).  In a 6 month open-label study in patients with BDII depression, Vieta et al. (2001) 

found that risperidone added to any mood stabilizer was successful in the treatment of 

depressive symptoms.  In another study of patients with bipolar depression, risperidone 

and paroxetine or paroxetine alone were added to a mood stabilizer (Shelton & Stahl,

2004).  No differences between treatments were found after 12 weeks.  In healthy 

volunteers, risperidone administration leads to significant REM sleep suppression along 

with reduced total sleep time and increased time spent in stage 2 sleep (Giminez et al., 

2007).  Risperidone augmentation in depressed patients, results in significantly decreased 

nocturnal wake time and REM suppression, both in the form of reduced REM episodes 

and increased REM latency (Sharpley et al., 2003).  However, no change in SWS was 

reported.
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2.3.4 Ziprasidone.

Ziprasidone, a benzothiazolylpiperazine, is one of the newer AAs with a unique 

and broad pharmacological profile.  While its most potent antagonism is at the 5-HT2A

and DA2 sites, it also has high affinity as an antagonist for 5-HT2C, 5-HT1D, and DA3

receptor subtypes while acting as an agonist at 5-HT1A (Seeger et al., 2005).  Furthermore, 

ziprasidone possesses an in vitro 5-HT2A/DA2 receptor affinity ratio higher than any 

clinically available antipsychotic agent.  Ziprasidone has moderate affinity for DA1, DA4, 

α1- adrenergic and histamine H1 receptors, low affinity for α2-adrenergic receptors, and 

minimal affinity for muscarinic M1 receptors (Gunasekara, Spencer & Keating, 2002; 

Seeger et al., 2005).  Additionally, ziprasidone demonstrates a unique pharmacological 

effect among the AAs by blocking the reuptake of both 5-HT and NE, with an affinity 

comparable to that of the TCA, imipramine (Gunasekara et al., 2005). This distinctive 

feature of the pharmacology of ziprasidone and its other pharmacological activities such 

as its high affinity for 5-HT1A as an agonist led to early speculation that the agent might 

have antidepressant or anxiolytic qualities as well as antipsychotic potential (Sprouse et 

al., 1999).  In fact, ziprasidone has been shown to be effective in the treatment of 

schizophrenia, schizoaffective disorder and BD.

In the treatment of schizophrenia and schizoaffective disorders, ziprasidone has 

efficacy against positive and negative symptoms with a favourable tolerability profile 

including a low propensity to induce extrapyramidal adverse effects (Gunasekara et al., 

2002).  This is attributed to ziprasidone’s high 5-HT2A/DA2 receptor affinity ratio 
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(Warrington et al., 2007).  As well, studies in these patients suggested that ziprasidone 

may have some beneficial antidepressant effects (Jarema, 2007).  Ziprasidone possesses a 

negligible effect on body weight and is associated with slight prolongation of the QTc 

interval (Gunasekara et al., 2002).  Ziprasidone is also approved for treatment of patients 

with manic or mixed episodes of BD, with or without psychosis.  To date, no RCTs that 

examined ziprasidone treatment in bipolar depression exist.  However, in an 8 week,

open-label monotherapy trial of thirty patients, Liebowitz et al. (2009) reported 

ziprasidone to be an effective monotherapy for BDII patients suffering from a MDE.  By 

week 1, 30% were responders and 17% were remitters while 60% were responders and 

43% reached remission by the end of the trial.  Furthermore, ziprasidone was generally 

well tolerated, and had a rapid onset of action. The early response is consistent with what 

is seen with other medications effective for bipolar depression. In addition, Mech (2008) 

demonstrated ziprasidone monotherapy to be efficacious in case reports of BDI patients 

with depressed or mixed episodes.  However, results of these studies should be 

approached with caution due to the lack of a large sample size, control group and double-

blind methodology.  Ziprasidone augmentation of the SSRIs has been effective in 

refractory unipolar depression.  In a study of 20 patients with depression resistant to 

SSRIs, ziprasidone was added for 6 weeks. 50% were responders while 25% achieved 

remission by the end of the study (Papakostas et al., 2004).  This suggests the potential 

usefulness of ziprasidone as an augmentation to antidepressants in bipolar depression and 

is an area that warrants further investigation.
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There are no empiric PSG studies of patients with schizophrenia or BD treated 

with ziprasidone.  However, in a PSG study of twelve healthy male volunteers, Cohrs and 

colleagues (2005) showed that ziprasidone significantly increases total sleep time, sleep 

efficiency, percentage of stage 2 sleep and SWS.  Ziprasidone was also shown to 

significantly reduce total wake time, number of awakenings and percentage of REM sleep 

while profoundly increasing REM latency.  The improvement in SWS and the prominent 

REM suppression produced by ziprasidone appears to be unique among the PSG-based 

studies examining the effects of AAs on sleep physiology.  It is interesting to note that 

prominent REM suppression is produced by administration of the majority of 

antidepressant drugs; however, many of them fail to also improve SWS (DeMartinis & 

Winokur, 2006). Likewise, not all AAs have been consistently shown to improve REM 

sleep.  It is possible that the prominent REM suppressing effects reported following 

ziprasidone administration are related to its unique pharmacological profile of inhibiting 

the presynaptic monoamine uptake sites and/ or its 5-HT1A agonist actions (Wilson et al., 

2005).  The improvement in SWS may have been mediated by ziprasidone induced 5-

HT2A/2C antagonism.  To date, the study by Cohrs et al. represents the only published PSG 

study examining the effects of ziprasidone on sleep.  Despite the promising results 

obtained in this single trial, considerably more information is needed to define the 

potential clinical utility of ziprasidone to treat sleep problems in the context of primary 

psychiatric disorders.
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Chapter 3: Research Hypothesis

Sleep disruption is a core symptom of depression, which is the predominant affect 

of BD.  The primary disturbances in the sleep of depressed patients include sleep 

fragmentation, REM disinhibition in the form of reduced REM latency and increased 

proportion of REM duration, and decreased SWS duration.  The reciprocal interaction 

model proposes that depressive symptoms and sleep disruption underlie common 

neurobiological substrates.  Hence, sleep disturbances represent a potential underlying 

biological mechanism of bipolar depression.  Treatment of bipolar depressed patients

should not only focus on depressed mood, but also include an assessment of sleep 

function and difficulties with sleep.  

Augmentation agents in the treatment of depression have shown to have REM 

suppressing properties resembling those of antidepressants.  However, while 

antidepressants do not achieve sleep architectural improvements beyond REM 

suppression, augmentation agents have the ability to improve SWS and sleep continuity.  

In the treatment of bipolar depression, AAs have been shown to be efficacious 

augmentation agents to conventional antidepressants and mood stabilizers.

Ziprasidone, one of the newer AAs, has high affinity for the 5-HT2A/2C, 5-HT1D, 

DA2 and DA3 sites while also acting as an agonist of 5-HT1A.  Ziprasidone also has low to 

moderate affinity for adrenergic, histaminergic and muscarinic receptors.  Many of these 

receptor types are thought to play a significant role in the regulation of sleep architecture.  

Furthermore, ziprasidone possesses a unique pharmacological effect among the AAs that 
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allows it to block the reuptake of both 5-HT and NE.  Indeed, an overactive cholinergic 

system and deficient monoamine systems are thought to play a role in both sleep 

dysregulation and depressed mood in MDEs.  

Ziprasidone has been shown to improve REM, SWS and sleep continuity

including total sleep time, wake time, sleep efficiency, and number of awakenings in 

healthy volunteers.  These sleep profile effects are opposite to what is known about the 

sleep of depressed patients.  However, to date, no empiric PSG studies of ziprasidone 

exist in patients with conditions for which ziprasidone is clinically indicated for or in 

patients with bipolar depression, for which it has been shown to have beneficial 

antidepressant effects and potential sleep-consolidating effects.

The goal of this study is to investigate the effects of ziprasidone augmentation on 

sleep architecture and illness severity in bipolar depression.  The primary objective of this 

study is to examine PSG changes in sleep architecture, specifically SWS, before and at

different stages after ziprasidone augmentation.  Other aspects of sleep architecture

including, light sleep in stages 1 and 2, REM sleep and sleep continuity are also 

examined. The secondary objective of this study is to assess changes in subjective sleep 

quality and illness severity, and to correlate these changes with objective PSG measures 

of sleep.

It is hypothesized that ziprasidone augmentation as a treatment for bipolar 

depression will result in increased duration of SWS, compared to placebo. Ziprasidone

augmentation, compared to placebo, will result in suppressed REM both in the form of 
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increased REM latency and reduced REM duration, along with increased sleep continuity 

and efficiency. It is also hypothesized that ziprasidone augmentation will improve 

subjective sleep quality and lead to improvement in illness severity reflected by decreased 

HAMD-17, MADRS, HAMA and CGI-S scores. Finally, it is hypothesized that 

improvements in subjective sleep quality and illness severity will positively correlate with

improvements in SWS sleep.
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Chapter 4: Methods

This is a prospective, double-blind, placebo-controlled, repeated measures, PSG 

study of patients receiving ziprasidone as augmentation treatment. This study was 

approved by the Queen’s University Health Sciences and Affiliated Teaching Hospitals 

Research Ethics Board and the Health Canada Therapeutic Products Directorate. 

4.1 Participants

27 participants were recruited and signed written informed consent prior to 

participation.  Seven participants failed baseline screening (four due to subclinical mood 

symptoms, one due to potentially dangerous liver function abnormalities, one due to 

history of seizures and one due to abnormal electrocardiogram).  Six participants 

withdrew before randomization and were not included in the analysis.  The remaining 14 

participants were included in the analysis.  Four participants terminated from the study 

before day 28-31, due to worsening of original mood symptoms and these participants 

remained in the analysis.  Participants were recruited from a tertiary care mood disorder 

unit, from general practitioner offices, and from advertisements placed in the community.  

Participants were enrolled between April 2009 and March 2011.  Participants were 18 

years of age or older and met DSM-IV-TR (2000) criteria for BDI, BDII or BDNOS, 

confirmed by the Mini International Neuropsychiatric Inventory (MINI).  Participants 

were experiencing a MDE at enrolment in the study with a HAMD-17 score of >16.  

Female participants of child bearing potential must have had a negative human chorionic 

gonadotropic test at enrolment, not be nursing and be willing to use contraception.  
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Participants were excluded if they had a current or past diagnosis of schizophrenia or 

dementia, were experiencing a (hypo)manic or mixed episode at enrolment defined as a 

Young Mania Rating Scale (YMRS) score of >12, had substance dependence within 3 

months prior to enrolment (excluding caffeine or nicotine), were at an imminent risk of 

suicide or danger to themselves or others, had known intolerance to ziprasidone, had a 

serious or inadequately treated medical illness, had a history of seizures, were previously 

enrolled in the study or enrolled in another treatment study within 4 weeks prior, had 

serum potassium, magnesium and/or calcium levels outside the normal range, had marked 

liver function abnormalities, had known serological evidence of HIV, or acute or chronic

hepatitis, had known history of QT prolongation, had recent acute myocardial infarction 

or uncompensated heart failure, or if they were currently taking drugs known to prolong 

the QT interval.  Participants could not be taking any other antipsychotic medication at 

the time of enrolment.  Benzodiazepines and other sleep aids must have been 

discontinued if not at a stable dose for 4 weeks prior to enrolment.  Further, all 

medication must have been at a stable dose for 4 weeks prior to enrolment excluding

withdrawal of sleep aids and antipsychotic medications.  Participants that had 

administration of a depot antipsychotic medication within two dosing intervals of 

enrolment were also excluded.  

4.2 Clinical Measures

Participants were assessed at defined intervals throughout the study period 

including baseline (before administration of study medication), once during 2-5 days and 
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once during 28-31 days after starting study medication.  Each clinical assessment 

consisted of the HAMD-17, MADRS, HAMA, YMRS and the participant-reported 

Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), and a Visual 

Analogue Scale (VAS) for sleep quality.  At baseline, the MINI and the CGI-S were 

administered.  At day 28-31, both the CGI-S and the Clinical Global Impression-

Improvement (CGI-I) were administered.  Response was defined as a ≥ 50% decrease in 

HAMD-17 score from baseline to end of study, whereas remission was defined as a 

HAMD-17 score of ≤ 7 at study termination.  Baseline blood work, physical examination 

and pregnancy testing in women of childbearing potential were performed.

4.3 Medication

Participants were randomly allocated using a randomization table to receive either 

placebo or ziprasidone.  The oral capsule formulation of ziprasidone (ziprasidone 

hydrochloride) was dispensed.  Medication dosing was started at 40mg BID on day 1 and 

increased to 60mg BID at day 2.  At the second visit (day 2-5), dosing was allowed to be 

titrated up or down, as clinically needed to a maximum of 80mg BID.  The median dose 

of ziprasidone at the end of the study was 120 mg/day and the mean was 108.57 mg/day

with actual doses ranging from 60 mg/day to 120 mg/day.  Concomitant medications can 

be seen in Table I of appendix A.  Briefly, four participants in the placebo treated group 

and three participants in the ziprasidone treated group were taking at least one 

antidepressant medication; four participants from each treatment group were taking at 

least one mood stabilizer (only one of these patients was taking only a mood stabilizer), 
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and two participants in the placebo treated group and two in the ziprasidone treated group 

were taking a benzodiazepine.  Adverse events are displayed in Table II of appendix A.

4.4 Polysomnographic Recordings 

Objective sleep architecture measurements were obtained from PSG data of study 

participants at defined intervals including baseline (on the day before administration of 

study medication), once during days 2-5, and once during days 28-31.  On each of the 

three study nights, PSG equipment was set up by a qualified sleep technician and sleep 

was recorded using the MediPalm Personal Recording Device (Braebon Corp., 

Ogdensburg, NY) while the patient slept at home. Patients were asked to retire and rise at 

their usual time, and were asked to refrain from alcohol consumption on study nights; 

however, normal caffeine and nicotine intake was maintained.  The overnight PSG

references four EEG channels, specifically left and right centrocephalic electrodes (C3-

A2, C4-A1), and left and right occipital electrodes (O1-A2, O2-A1), 2 EOG channels, 

submental EMG, pulse oximetry, oronasal airflow (oronasal thermistor), chest and 

abdominal movement belts (respiratory inductance plethysmography), vibration snore 

sensor and anterior tibialis EMG.  A position sensor was used to monitor position 

continuously (Ultima Body Position Sensor; Braebon Corp., Ogdensburg, NY). The 

overnight sleep routine was applied starting at approximately 1900 hours each study 

night.  Recording began at approximately 2100 hours, and ran for eight hours 

continuously or until the participant rose in the morning.  A certified PSG analyst, blinded 

to study design and treatment status, and different from the technician setting up the PSG 
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equipment, scored each sleep record in 30-second epochs according to the standardized 

criteria of Rechtschaffen and Kales (1968) using Pursuit Advanced Sleep System 

software (Braebon Corp., Ogdensburg, NY).

Latency to sleep onset was defined as the total number of minutes from lights out 

to first period of sleep. Latencies to each sleep stage were calculated as time from sleep 

onset to the first defined epoch of each sleep stage. Obstructive apneas and hypopneas 

were scored using the criteria from the American Academy of Sleep Medicine Task Force 

(1999). Events were scored when a > 50% decrease (apnea) in airflow, or clear reduction 

(hypopnea) in amplitude of the airflow signal (compared with stable breathing during the 

two minutes preceding the event), occurred associated with an arousal, a >3% reduction 

in oxygen saturation, and the event lasted for at least 10 seconds. Arousals were scored 

based on American Sleep Disorders Association (1992) criteria as paroxysmal bursts in 

the EEG channel, usually to alpha or theta activity, lasting 3 seconds or longer with at 

least 10 seconds of sleep preceding the change.  For an arousal to be scored during REM, 

the burst in EEG activity must be accompanied by an increase in the submental EMG for 

at least 1 second.  The respiratory disturbance index (RDI), which included apneas, 

hypopneas, and snore arousals for the number of events per hour of sleep, was calculated. 

Total time sleep (TST) was calculated as the total minutes of sleep in all sleep stages.  

Percent of TST of each sleep stage was calculated as the time in each stage divided by 

TST, multiplied by 100.  Percentage of sleep efficiency was calculated as the TST divided 

by the total time in bed, multiplied by 100.
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4.5 Statistical Analysis

PSG recording and clinical measures (except the CGI-I) were analyzed using two-

way repeated measures ANOVA. The design included 2 treatment groups (between 

subjects) across 3 different time points (within subjects).   This design was divided into its 

linear and quadratic components with 1 degree of freedom.   The linear component, 

change from baseline to day 28-31, was examined.  Missing data for PSG measures and 

clinical scales were replaced using multiple imputation: regression analysis.  The CGI-I 

was analyzed using a between group t-test.  For all PSG and clinical measures, two-tailed 

distributions were used.  Baseline sociodemographic comparisons between groups were 

analyzed using two-tailed independent sample t-tests.  All calculations were performed in 

IBM SPSS Statistics version 19.0.

In order to examine the relationship between the PSG and clinical measures, first, 

the change from baseline to end of study was calculated for each measure to reflect 

standardized scores.  In order to condense the number of variables, measures reporting 

similar information were summed together. For the PSG variables, main sleep 

architecture variables including total sleep time, total wake time, onset to sleep latency 

and number of awakenings standardized scores were summed to be a measure of “sleep 

continuity”, and the standardized scores for the latency and duration of each stage (Stage 

1, 2, SWS and REM) were summed to represent a single score of each stage.  For the

clinical measures: the PSQI and VAS standardized scores were summed to be a single 

subjective “sleep quality” score, the HAMD-17 and MADRS standardized scores were 



51

summed to be a single “depression” score, and the HAMA standardized score was used 

on its own as the “anxiety” measure. For each set of condensed measures: PSG and 

clinical, principal components analysis was applied to determine the factorial structure of 

each set and to ensure a substantial general factor which, all the items of the set loaded 

on.  This produced the logical bases for assembling overall scores.  Principal components 

analysis (table of loading values can be seen in table III of appendix A) revealed, for the 

PSG measures that the stage 1, stage 2 and SWS scores factored together, however the 

sleep continuity and REM scores were found to be single factor items and did not fit with 

the other PSG measures. Therefore, the stage 1, stage 2 and SWS scores were summed 

together to be a measure of sleep architecture change, referred to as “sleep architecture”, 

while the sleep continuity and REM scores were left as a single items, “sleep continuity” 

and “REM”, respectively.  For clinical measures, “sleep quality” did not factor with either 

depression or anxiety and was left as a single factor item.  However, depression and 

anxiety scores factored together allowing for the two scores to be summed together to be 

reflective of a single measure of clinical change in mood, referred to as “clinical mood”.  

Two-tailed Pearson correlations were employed to examine the relationship between

sleep architecture, sleep continuity, REM and clinical mood.  The same was done for 

examining the relationship between sleep architecture, sleep continuity, REM and sleep 

quality.  The differences between the ziprasidone treated and placebo treated group for 

these measures of change were examined using two-tailed independent samples t-tests.
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Chapter 5: Results

5.1 Sociodemographic Characteristics

Fourteen participants were included in the study. Their mean (± SD) age was 44 ±

12 ranging from 21 to 58 years of age. The mean (± SD) age of the ziprasidone and 

placebo treated groups was 48 ± 7 years and 40 ± 15 years, respectively with no 

significant difference between groups (t12 = 1.215, p = 0.2 48).  Sociodemographic 

characteristics of both treatment groups are presented in Table 1. There are no significant 

differences between groups on gender, diagnosis, education, employment, marital status 

and number of children (t12 = -0.204, p = 0.841; t12 = -0.783, p = 0.449; t12 = -0.204, p = 

0.841; t12 = -0.243, p = 0.812; t12 = 0.516, p = 0.615; t12 = 0.926, p = 0.373, respectively). 

5.2 Polysomnographic Measures

Two-way repeated measures ANOVA showed a significant (F(1,12) = 5.716; p = 

0.034) increase in the duration of SWS for the ziprasidone group, from 38.45 ± 8.79 min, 

at baseline to 63.44 ± 13.94 min at day 2-5 and 52.15 ± 16.42 min at day 28-31 when

compared to the placebo group which had a mean duration of 44.75 ± 10.15 min, 41.77 ± 

16.09 min and 16.78 ± 18.97 min at baseline, day 2-5, and day 28-31, respectively

(Figure 1).  Latency to SWS showed no significant (F(1,12) = 0.089; p = 0.771) change 

for the ziprasidone group from 122.71 ± 24.74 min at baseline to 141.23 ± 28.09 min at 

day 2-5 and 107.05 ± 36.01 min at day 28-31 as compared to the placebo group which

had a mean latency of 93.01 ± 26.55 min, 66.38 ± 32.43 min, and 58.65 ± 41.59 min at 

baseline, day 2-5, and day 28-31, respectively (Figure 1).
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Table 1

Sociodemographic Characteristics
Placebo Ziprasidone Between 

Characteristic Group Group Groups

(n=6) (n=8)

N % N % P-value

Gender Male 1 16.67 1 12.5 0.84

Female 5 83.33 7 87.5

Diagnosis BD 1 1 16.67 2 25 0.45

BD 2 5 83.33 3 37.5

BD NOS 0 0 3 37.5

Educa- High School Diploma or Less 3 50 3 37.5 0.84

tion Completed or Some College 2 33.33 4 50

Level or Technical Training

Undergraduate Degree 1 16.67 1 12.5

or More

Employ- Employed (Full/Part-time) 2 33.33 3 37.5 0.81

ment Unemployed or Disability 4 66.67 4 50

Status Insurance

Student 0 0 1 12.5

Marital Single 2 33.33 4 50 0.62

Status Married or Cohabiting 3 50 3 37.5

Separated or Divorced 1 16.67 1 12.5

Children None 1 16.67 5 62.5 0.37

1 2 33.33 0 0

2 1 16.67 1 12.5

3+ 2 33.33 2 25
________________________________________________________________________

Note. BD = Bipolar Disorder, NOS = Not Otherwise Specified.  P-value reported for 
between group t-test of each characteristic.
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Figure 1. Latency to Slow Wave Sleep and Duration of Slow Wave Sleep.
Mean ± Standard Error of the Mean for latency to and duration of Slow Wave Sleep in minutes, for both ziprasidone and placebo treated groups. * indicates a 
significant (p<0.05) time x group interaction.
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Figure 2 shows the latency to REM sleep and duration of REM sleep in both

ziprasidone and placebo treated groups. Two-way repeated measures ANOVA showed a 

significant (F(1,12) = 6.285; p = 0.028) increase in latency to REM from baseline to day

2-5 and day 28-31 with treatment with ziprasidone, 197.65 ± 34.32 min, 223.42 ± 41.84 

min and 206.26 ± 56.01 min respectively, compared to treatment with placebo, 252.68 ± 

39.63 min, 140.04 ± 48.31 min and 67.94 ± 64.66 min, respectively.  Duration of REM 

sleep was not significantly different (F(1,12) = 1.675; p = 0.220) in the ziprasidone 

treated group, 84.99 ± 18.44 min, 62.79 ± 15.11 min, and 65.37 ± 14.80 min, compared to

the placebo treated group, 80.10 ± 21.29 min, 101.69 ± 17.45 min, and 105.27 ± 17.09 

min, at baseline, day 2-5 and day 28-31, respectively.

The sleep continuity measures, sleep efficiency and onset to sleep latency, are 

shown in Figure 3 for both ziprasidone and placebo treated groups. Two-way repeated 

measures ANOVA showed a significant (F(1,12) = 5.241; p = 0.041) increase in sleep 

efficiency from  baseline to day 2-5 and day 28-31 for ziprasidone treated participants, 

74.14 ± 4.85%, 69.76 ± 5.93% and 80.75 ± 7.37% respectively, compared to placebo 

treated participants, 80.92 ± 5.61%, 89.51 ± 6.84% and 70.58 ± 8.51%, respectively. 

Onset to sleep latency significantly (F(1,12) = 6.404; p = 0.026) decreased from baseline 

to day 2-5 and day 28-31 for ziprasidone treated participants, 83.58 ± 23.52 min, 101.98 ± 

27.12 min and 56.01 ± 22.50 min respectively, compared to placebo treated participants, 

54.76 ± 27.16 min, 52.63 ± 31.32 min and 90.66 ± 25.98 min, respectively.
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Figure 2. Latency to Rapid Eye Movement Sleep and Duration of Rapid Eye Movement Sleep.
Mean ± Standard Error of the Mean for latency to and duration of Rapid Eye Movement Sleep in minutes, for both ziprasidone and placebo treated groups. * 
indicates a significant (p<0.05) time x group interaction.
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Figure 3. Sleep Continuity.
A) Sleep Efficiency B) Latency to Sleep Onset. Mean ± Standard Error of the Mean for both ziprasidone 
and placebo treated groups. Sleep Efficiency: % = total sleep time/time in bed x 100, Latency to Sleep 
Onset is from time in bed to sleep onset. * indicates a significant (p<0.05) time x group interaction.
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Figure 4 displays the mean total sleep time and total wake time for both

ziprasidone and placebo treated groups. Two-way repeated measures ANOVA showed 

that the mean total sleep time significantly increased (F(1,12) = 9.250; p = 0.010) from 

baseline to day 2-5 and day 28-31 for the ziprasidone group, 333.29 ± 23.96 min, 325.20

± 34.40 min and 359.65 ± 26.42 min respectively, compared to the placebo group, 386.50

± 27.67 min, 402.52 ± 39.72 min, and 330.96 ± 30.50 min, respectively. The mean total 

wake time from baseline to day 2-5 and day 28-31 was not significantly (F(1,12) = 1.291;

p = 0.278) different for the ziprasidone treated group, 136.74 ± 25.18 min, 134.74 ± 27.66 

min, and 104.35 ± 26.10 min respectively, compared to the placebo treated group, 91.12 ± 

29.08 min, 70.52 ± 31.94 min and 108.32 ± 30.13 min, respectively.

Table 2 shows the remaining PSG measures for both the ziprasidone and placebo 

treated groups as well as p-values according to two-way repeated measures ANOVA. 

Significant effects were seen for duration of stage 2 sleep and number of awakenings. The 

ziprasidone treated group had significantly increased duration in stage 2 sleep  and 

significantly reduced number of awakenings, compared to placebo, F(1,12) = 6.072, p = 

0.030 and F(1,12) = 5.514, p = 0.037, respectively.

5.3 Clinical Measures

5.3.1 Subjective Sleep Quality.

Two-way repeated measures ANOVA showed an overall significant improvement

in PSQI total score across time (F(1,12) = 4.917, p = 0.047). However, there was no
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Figure 4. Total Sleep Time and Total Wake Time
Mean ± Standard Error of the Mean of Total Wake and Sleep Time, in minutes, for both ziprasidone and placebo treated groups. 
* indicates a significant (p<0.05) time x group interaction.
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Table 2. 

Polysomnographic Measures

Placebo (n=6) Ziprasidone 
(n=8)

ANOVA 

Selected Sleep 
Parameter

Baseline Day 2-5 Day 28-31 Baseline Day 2-5 Day 28-31 Time x 
Group 
Interaction

No. of Awakenings 20 ± 4 17 ± 2 18 ± 2 21 ± 3 10 ± 2 8 ± 1 P=0.037

Respiratory 
Disturbance Index

8 ± 5 7 ± 5 38 ± 45 9 ± 7 12 ± 12 27 ± 27 P=0.479

Latency to Stage 1 
(min)

54.51 ± 28.13 39.01 ± 24.91 48.48 ± 22.83 67.23 ± 24.36 101.54 ± 21.58 73.70 ± 19.78 P=0.797

Duration of Stage 1 
(min)

34.08 ± 7.70 22.05 ± 3.78 17.25 ± 2.59 26.12 ± 6.67 12.63 ± 3.27 12.53 ± 2.24 P=0.670

Duration of Stage 1 (% 
of TST)

8.60 ± 2.33 5.58 ± 0.92 4.68 ± 0.71 7.89 ± 2.02 4.23 ± 0.80 3.57 ± 0.61 P=0.871

Latency to Stage 2 
(min)

59.59 ± 31.09 36.51 ± 26.87 47.72 ± 21.05 62.16 ± 26.92 109.98 ± 23.27 69.21 ± 18.23 P=0.648

Duration of Stage 2 
(min)

227.57 ± 21.29 222.87 ± 27.26 169.96 ± 38.68 199.95 ± 18.44 186.35 ± 23.61 263.01 ± 33.50 P=0.030

Duration of Stage 2 (% 
of TST)

58.23 ± 4.35 54.78 ± 4.14 52.26 ± 4.00 59.73 ± 3.77 56.73 ± 3.63 63.77 ± 3.47 P=0.216

Duration of SWS (% 
of TST)

12.17 ± 2.69 11.84 ± 3.20 4.16 ± 6.04 10.15 ± 2.33 18.39 ± 2.77 14.73 ± 5.23 P=0.080

Duration of REM (% 
of TST)

20.97 ± 4.64 23.71 ± 4.42 27.40 ± 2.83 22.47 ± 4.02 20.64 ± 3.83 19.18 ± 2.45 P=0.295

Note. The mean ± standard deviation (SD) of selected sleep parameters for both ziprasidone and placebo treated groups. TST = Total Sleep Time, SWS = Slow 
Wave Sleep, REM = Rapid Eye Movement.
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significant (F(1,12) = 0.711, p = 0.416) change in PSQI score from baseline to day 2-5 or 

day 28-31 with ziprasidone treatment, 12.33 ± 1.66, 11.83 ± 1.24, and 8.97 ± 2.04

respectively, compared to treatment with placebo, 11.63 ± 1.43, 11.00 ± 1.07 and 10.11 ±

1.77, respectively (Figure 5).

Table 3 shows the remaining self-report rating scale scores for both the 

ziprasidone and placebo treated groups as well as p-values across time and time x group 

according to two-way repeated measures ANOVA.  There was no significant difference 

between groups on the ESS or VAS, over time (F(1,12) =1.188, p = 0.297 and F(1,12) = 

0.151, p = 0.704, respectively).  

5.3.2 Illness Severity.

Two-way repeated measures ANOVA revealed an overall, significant 

improvement in total HAMD-17, MADRS and HAMA scores across time (F(1,12) = 

18.801; p = 0.001; F(1,12) = 14.583; p = 0.02; F(1,12) = 5.720, p = 0.034, respectively).  

Significant changes in total HAMA score (F(1,12) = 5.000; p = 0.045) were seen from 

baseline to day 2-5 and day 28-31 with ziprasidone treatment, 20.63 ± 1.57, 16.25 ± 1.81, 

and 14.57 ± 2.68 respectively, compared to treatment with placebo, 16.67 ± 1.81, 16.67 ±

2.08 and 15.98 ± 3.09, respectively (Figure 5).  However, there was no significant 

(F(1,12) = 0.144; p = 0.711) change in total HAMD-17 score from baseline to day 2-5 

and day 28-31 with treatment with ziprasidone, 23.50 ± 1.36, 17.50 ± 1.78, and 15.13 ±

2.22 respectively, compared to treatment with placebo, 23.17 ± 1.57, 20.17 ± 2.06 and 

16.15 ± 2.57, respectively (Figure 5).  No significant changes were also seen with the 
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total MADRS score (F(1,12) = 2.583; p = 0.134) with ziprasidone treatment, 33.13 ± 2.18 

at baseline, 18.63 ± 3.12 at day 2-5 and 18.24 ± 2.73 at day 28-31, as compared to 

placebo, 30.50 ± 2.51 at baseline, 22.83 ± 3.60 at day 2-5 and 24.43 ± 3.15 at day 28-31.  

Approximately 50% of ziprasidone treated and 33% of placebo treated

participants were responders at the final assessment. Approximately 13% of ziprasidone 

treated and 17% of placebo treated participants reached remission by the final assessment. 

There was no significant difference between ziprasidone and placebo treated groups on 

the number of responders in each group (t12 = -0.586, p = 0.569).

Table 3 shows the YMRS scores for which, there was no significant difference 

between groups, over time (F(1,12) = 0.080, p = 0.782). The clinician administered CGI-

S was not significantly different between the placebo and ziprasidone groups at baseline 

(t12 = 1.561, p = 0.145).   Two-way repeated measures ANOVA revealed that the 

ziprasidone group significantly decreased (F(1,12) = 4.782, p = 0.049) in CGI-S score 

compared to placebo and overall, there was a significant improvement in CGI-S across 

time (F(1,12) = 19.157, p = 0.001).  The CGI-S at baseline and at day 28-31 of the 

ziprasidone group was 4 ± 1 and 3 ± 1, respectively and for the placebo group was 5 ± 1 

and 4 ± 1, respectively. The CGI-I was administered at the end of study and was not 

significantly different between the placebo and ziprasidone groups (t12 = 0.498, p = 

0.620).  The CGI-I at day 28-31 of the ziprasidone group was 3 ± 1 and the placebo group 

was also 3 ± 1.
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Figure 5. Subjective Sleep Quality.
Pittsburgh Sleep Quality Index Total Score. Mean ± Standard Error of the Mean for both ziprasidone and placebo treated groups. * 
indicates a significant (p<0.05) time x group interaction.
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Figure 6. Illness Severity.
A) Hamilton Depression Rating Scale Total Score B) Hamilton Anxiety Rating Scale 
Total Score.  Mean ± Standard Error of the Mean for both ziprasidone and placebo treated 
groups. * indicates a significant (p<0.05) time x group interaction.
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Table 3

Selected Clinical Measures

Placebo (n=6) Ziprasidone 
(n=8)

ANOVA

Clinical 
Measure

Baseline Day 2-5 Day 28-31 Baseline Day 2-5 Day 28-31 Time Time x Group 
Interaction

ESS Total 9 ± 5 7 ± 5 10 ± 10 10 ± 4 10 ± 6 6 ± 9 P=0.743 P=0.955

VAS Total 41 ± 25 42 ± 31 52 ± 30 48 ± 16 44 ± 22 68 ± 38 P=0.200 P=0.704

YMRS Total 5 ± 3 7 ± 4 6 ± 4 5 ± 2 6 ± 2 5 ± 3 P=0.231 P=0.782

Note. The mean ± standard deviation (SD) of selected clinical measures for both ziprasidone and placebo treated groups. ESS = 
Epworth Sleepiness Scale, VAS = Visual Analogue Scale, YMRS = Young Mania Rating Scale.
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5.4 Correlations

There was no significant difference between the ziprasidone treated and placebo 

treated groups on measures including sleep architecture (t12 = -0.713, p = 0.489), REM 

(t12 = 1.266, p = 0.229), sleep continuity (t12 = 0.297, p = 0.772), sleep quality (t12 = 0.346, 

p = 0.735) and clinical mood (t12 = -1.760, p = 0.104).

There was no significant correlation between clinical mood and sleep architecture 

scores (r = 0.221, p = 0.448), between clinical mood and REM (r = 0.400, p = 0.156) or 

between clinical mood and sleep continuity measures (r = -0.378, p = 0.182).

There was also no significant correlation between sleep quality and sleep 

architecture (r = -0.056, p = 0.848) or between sleep quality and sleep continuity (r = -

0.358, p = 0.208).  The correlation between the sleep quality and REM measures was 

positive and approached significance (r = 0.477, p = 0.085).

When the correlations were split by treatment group, the ziprasidone treated group 

alone showed that change in REM significantly correlated with sleep quality (r = 0.846, p

= 0.008).
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Chapter 6: Discussion

In the present study, addition of ziprasidone to the current medication regimes of

patients experiencing bipolar depression resulted in significant improvements in SWS 

duration and REM latency.  Furthermore, ziprasidone augmentation demonstrated sleep-

consolidating properties by significantly improving sleep efficiency, onset to sleep 

latency, number of awakenings and total sleep time.  Subjective sleep quality including 

daytime sleepiness did not significantly improve in ziprasidone treated participants over

placebo. Significant improvements in clinical global severity and anxiety symptoms were 

observed while no significant difference between participants was seen in depressive

symptoms. Clinical global improvement was seen with both treatment groups with no 

significant difference between groups.  Finally, change in REM sleep significantly 

correlated with subjective sleep quality in the ziprasidone group.

To our knowledge, this is the first double-blind randomized controlled study

evaluating the effect of ziprasidone augmentation treatment in bipolar depression. There 

is only one other similar study identified to date, conducted by Cohrs and colleagues

(2005), where they investigated the effect of ziprasidone treatment on PSG sleep structure 

and subjective sleep quality in healthy volunteers. They reported significant 

improvements in sleep efficiency, total sleep time, increased percentages of stage 2 sleep 

and SWS, decreased percentage of REM with increased REM latency, decreased number 

of awakenings and improved overall subjective sleep quality.  These effects on sleep 

profile are almost opposite to what is known about sleep of depressed patients.  In
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general, our data supports what was observed by Cohrs et al. (2005) as we reported 

similar improvements with the addition of improved latency to sleep onset.  However, we 

did not observe improvement in REM percentage or self-reported sleep quality.  

Differences between these two studies may be due to the type of population studied and 

the methodology used.  The study by Cohrs et al. included healthy male volunteers and 

ziprasidone versus placebo was administered in a cross-over between two sessions with 

two consecutive nights in each, separated by a five day washout period.  During night 1, 

undisturbed sleep was monitored, whereas during night 2, acoustic stimuli were applied in 

order to evaluate sleep under external stress.  We’ve included patients with BD 

experiencing a MDE.  In this study, ziprasidone was administered in a randomized, 

double-blind manner with a placebo control over four weeks with no cross-over period or 

special intervention.  The presence of a cross-over period and an additional intervention 

may account for the differences seen in subjective sleep quality as we reported no 

significant differences in improvement between groups on self-reported sleep measures.

Improved SWS observed under treatment with ziprasidone is not uniformly seen 

with many other medications, especially antidepressants. In an eight week, single-blind 

study of trazodone treatment in depressed insomniac patients, stage 4 sleep more than 

doubled with an increase of 153% (Scharf & Sachais, 1990).  In contrast, Van Bemmel et 

al. (1992) conducted a similar study of trazodone treatment on sleep architecture in 

patients with MDD and they reported significant REM suppression, without any

improvement to SWS.  In an eight week, double-blind, randomised, parallel group study
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in depressed patients, sleep EEG revealed that patients treated with paroxetine have a 

higher SWS ratio after treatment, compared to nefazodone (Argyropoulos et al., 2009).  

However, in a similar study comparing sleep effects of paroxetine and nefazodone in 

patients with moderate to severe depression, SWS showed no significant time or group 

differences, while marked suppression of REM sleep was observed in the paroxetine 

treated group (Hicks et al., 2002).  Hence, antidepressants appear to consistently suppress 

REM sleep but their effect on SWS is inconsistent.  

Limited psychotropic augmentation strategies have also been reported to improve

SWS.  Kupfer et al. (1974) demonstrated that lithium treatment in depression leads to 

increased SWS and decreased REM durations.  However, these results should be 

approached with caution due to the open-label nature of the study, lack of control group 

and due to the inclusion of manic patients.  The influence of AAs on SWS is diverse;

while both quetiapine (Gedge et al., 2010) and risperidone (Sharpley et al., 2003) leave 

SWS unchanged, olanzapine has been demonstrated to have a beneficial effect.  Two 

studies have examined the effect of olanzapine augmentation on sleep architecture in 

patients experiencing a MDE.  Sharpley and colleagues (2005) reported significant 

increases in percentage of SWS and a more recent study reported similar findings 

(Lazowski et al., in press).  However, both studies failed to demonstrate consistent

improvement in REM sleep.  Furthermore, while the latter study included both unipolar 

and bipolar depressed individuals, Sharpley et al. included only unipolar depressed 

patients.  Pharmacological effects in unipolar depression do not always carry over to 
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bipolar depression.  Therefore, ziprasidone augmentation may be one of a few select

methods for improving both SWS and REM in the treatment of depression in BD.

The effect on REM sleep observed under the treatment with ziprasidone is best 

seen with antidepressants.  While most of the effective antidepressant agents suppress

REM sleep by increasing REM latency and decreasing REM duration, treatment with 

ziprasidone only resulted in partial REM suppression. Improved REM latency was seen 

in this study, but suppression of REM duration was not.  Although expected, the lack of 

full REM suppression may be due to the use of concomitant medications by the 

participants.  Only one participant was not taking any medication for mood while, 50% of 

participants were taking at least one antidepressant, 57% of participants were taking at 

least one mood stabilizer, and only 29% were taking a benzodiazepine.  Overall, 57% of 

participants were taking more than one medication at enrolment into the study.  The 

antidepressants and/or mood stabilizers may have suppressed REM duration at the onset 

of treatment and thus further suppression with the addition of ziprasidone may not have 

been attainable. Although, previous studies of augmentation to antidepressants have 

shown full REM suppression, the degree of polypharmacy was less in these studies, as 

each participant was only taking one antidepressant (Sharpley et al., 2003).  Furthermore, 

as shown with principal components analysis, change in REM sleep did not share a 

common factor with change in other measures of sleep architecture. This may be 

reflective of the effect on sleep architecture often seen with psychotropic treatment as few 

medications have been reliably shown to achieve full suppression of REM sleep while 
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also improving SWS and sleep continuity.  Moreover, there are antidepressants that do 

not affect REM sleep or even increase it, like bupropion (Nofzinger et al.,1995), 

nefazodone (Hicks et al., 2002), and mirtazapine (Winokur et al., 2000).  Therefore, the 

sleep profile exhibited under ziprasidone is demonstrative of some unique features in that 

it increases SWS duration, suppresses REM sleep by increasing REM latency, and also 

improves sleep continuity and efficiency. 

Improvements in sleep continuity demonstrated by ziprasidone are rarely achieved 

by antidepressants.  Instead, objective sleep continuity is worsened during treatment with 

most SSRIs, MAOIs and alerting TCAs, with onset to sleep and nocturnal awakenings 

being increased, and with overall sleep efficiency being reduced.  In the present study, 

improvements in sleep continuity included increases in total sleep time and sleep 

efficiency, and decreases in onset to sleep latency and number of awakenings.  The 

increase in total sleep time encompassed increases in duration of stage 2 sleep and SWS.  

Improvements seen here are similar to what is seen with other augmentation agents like 

olanzapine (Lazowski et al., in press; Sharpley et al., 2005) and in contrast to the effects 

of quetiapine, which does not alter sleep continuity in depression (Gedge et al., 2010).  

Complaints of hypersomnia observed in bipolar depressed patients in other studies 

including increased duration of nocturnal sleep and difficulty waking up in the morning 

were not objectively observed here. This is similar to other studies that investigated this 

objectively and similarly concluded that no signs of hypersomnia occurred in this patient 

group (Nofzinger et al., 1991; Thase et al., 1989).  Hence, hypersomnia in depression, 
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unlike hypersomnia in organic forms such as sleep apnea or narcolepsy may be more 

reflective of a subjective complaint, rather than an objective finding.

Improvements in anxiety symptoms on the HAMA and in clinical global severity 

observed in this study are similar to those observed in previous studies of other AA 

agents in the treatment of bipolar depression. However, although both the ziprasidone 

treated and placebo treated groups showed improvements in depressive symptoms, the 

ziprasidone group did not significantly differ from the placebo group in the total score of 

the HAMD-17 or the MADRS. This is in contrast to an eight week, open-label trial of 

ziprasidone monotherapy in BDII depression, where at the end of the trial, significant 

improvement was seen on all study measures including the HAMD-17, MADRS, HAMA, 

CGI-S and CGI-I (Liebowitz et al., 2009).  However, given the small sample size and 

lack of placebo control, the results must be considered preliminary.  Similarly, the power 

of the present study was not such to determine efficacy.  Clinical response was seen in 

50% of ziprasidone treated patients and in only 33% of placebo treated patients.  

Approximately 13% of ziprasidone treated participants reached remission and slightly 

higher than that (17%) did so in the placebo group.  This is similar to Liebowitz and 

colleagues’ ziprasidone monotherapy study in BDII depression, where 30% were 

responders and 17% were remitters by week 1, while 60% were responders and 43% 

reached remission by the end of the trial.  Response rates in a large, eight week RCT 

assessing the efficacy and tolerability of olanzapine monotherapy in BDI depression, are 

also similar to what is observed here, where the olanzapine-fluoxetine combination 
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treatment resulted in a response rate of 56% and olanzapine treatment alone resulted in a 

response rate of 39%, both of which were significantly greater than the response rate of 

30.4% for the placebo group (Tohen et al., 2003).  In the same study, similar 

improvements in anxiety symptoms as reported here were observed, with the olanzapine-

fluoxetine combination producing a mean decrease of 7 in the total HAMA score, versus 

the fluoxetine treatment alone producing a mean decrease of 5.5, with no significant 

difference between the two groups.  Significant improvement in depressive symptoms 

with the olanzapine-fluoxetine combination being superior to olanzapine monotherapy 

was observed on the MADRS with a decrease of 18.5 and 15, respectively, by week 8.  

The olanzapine-fluoxetine group also showed greater mean improvement on the CGI-S 

(Bipolar Version) with a decrease of 2.2, than the placebo (-1.2) and olanzapine (-1.6)

groups. Improvements in both anxiety and depressive symptoms have also been reported 

for quetiapine use in bipolar depression.  In the BOLDER I study (Calabrese et al., 2005), 

a decrease of 8.6 and 8.8 on the HAMA was observed, for doses of 300 mg/day and 600 

mg/day, respectively.  Significant improvement in depressive symptoms with quetiapine 

was also reported with a decrease of 16.4 and 16.7 on the MADRS, and a decrease of 

13.4 and 13.8 on the HAMD-17 with 300 mg/day and 600 mg/day, respectively.  

Quetiapine treated patients also experienced a significant improvement on the CGI-S as 

early as week 1 that was sustained to the end of the study for both quetiapine doses versus 

placebo.  In the present study, only anxiety symptoms and overall illness severity on the 

CGI-S showed significant improvements in the ziprasidone group compared to placebo, 
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over a span of 4 weeks.  However, the length of treatment in the studies by Liebowitz et 

al., Tohen et al., and Calabrese et al., were double the amount of length of duration (8 

weeks) of the present study.  Therefore, a longer duration may have allowed for better 

improvement in depressive symptoms.

An overall improvement in self-reported sleep quality was seen on the PSQI, 

however, the improvement in the ziprasidone group was not greater than that of the 

placebo group.  In addition, no significant improvements were observed on the ESS or 

VAS.  This is similar to the subjective sleep quality reported with risperidone (Sharpley et 

al., 2003) and olanzapine augmentation (Lazowski et al., in press) in patients with 

depression, where no significant change in sleep quality was seen.  In their open-label 

study of the effects of quetiapine on sleep architecture in both unipolar and bipolar 

depression, Gedge and colleagues (2010) also reported no significant change in self-

reported sleep quality.  However, the results from the BOLDER I study are in contrast to 

this, as Calabrese et al. (2005) showed that quetiapine treatment of acute bipolar 

depression as monotherapy led to significant improvements in subjective sleep quality.  

The mean improvement in PSQI scores from baseline in patients treated with 600 mg/day

and 300 mg/day of quetiapine was -5.46 and -5.16, respectively, with significant 

improvements over placebo (-2.94).  In the present study, although, not significantly 

different than placebo, the ziprasidone group showed an improvement in subjective sleep 

quality on the PSQI of 25%, and the placebo group showed an improvement of 

approximately 17%; clinically, this may be an important difference.  Although complaints 
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of hypersomnia in the form of daytime sleepiness were expected to be demonstrated 

subjectively on the ESS, mean baseline scores in both groups fell within the normal range 

of 0-10 and no significant improvements over time were seen.  This is similar to a study 

that failed to demonstrate increased daytime sleepiness in bipolar depressed patients as

they were unable to document shortened daytime sleep latency on the multiple sleep 

latency test (Nofzinger et al., 1991).  Hence, hypersomnia symptoms in bipolar 

depression probably reflect anergia and fatigue but not sleepiness.  Finally, the presence 

of residual depressive symptoms may be masking any changes in sleep quality shown in 

self-report questionnaires. Therefore, subjective sleep quality may begin to show greater 

improvement and differentiation between groups with a longer duration of treatment, and 

as depressive symptoms are alleviated further. 

Correlational analyses revealed a lack of connection between changes in sleep 

architecture and changes in clinical measures for all participants.  This is in similar to a 

study of sertraline treatment on sleep architecture in patients with depression where 

sertraline treated patients experienced an increase in SWS and prolonged REM latency, 

over placebo (Jindal et al., 2003).  However, none of the sleep architecture variables 

correlated significantly with an absolute decrease in HAMD scores over time. Lazowski

et al. (in press) reported SWS and sleep continuity enhancement with olanzapine 

augmentation in unipolar and bipolar depressed patients, but correlational analyses also 

demonstrated no connection between changes in sleep architecture and changes in illness 

severity (Lazowski et al., in press).  However, in the present study, within the ziprasidone
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treated group alone, improvement in REM sleep significantly correlated with subjective 

sleep quality.  Although improvements in clinical measures were expected to correlate 

with improvement in SWS, REM disinhibition is also thought to be one of the most 

significant alterations in sleep of patients with depression (Kupfer & Foster, 1972).  

Hence, ziprasidone augmentation maybe one of a select few methods that achieves 

improvement in subjective measures of sleep with improved objective sleep.  The lack of 

correlation between sleep architecture change and clinical improvements was greatest in 

the placebo group.  For example, while we observed worsening of sleep architecture 

through effects such as reduced REM latency, we observed improvements in depression, 

anxiety and self-reported sleep quality.  Lazowski et al. suggested that the deterioration of 

some objective sleep measures in the placebo group may be linked with patient 

recruitment.  In the present study, several participants were referred for participation 

because their current medication regimes were non-satisfactory and were in need of 

change. Hence, many of the participants may have began to decompensate prior to 

enrolment into the study.  Improvement in clinical measures may have resulted from close 

monitoring of participants throughout the study by a study psychiatrist and study 

coordinators; however, this may have not been the case for objective sleep measures. 

The beneficial effects of ziprasidone treatment on sleep architecture may be due to 

its diverse pharmacological profile.  While its most potent antagonism is at the 5-HT2A

and DA2 sites, it also has high affinity for 5-HT2C, 5-HT1D, and DA3 receptor subtypes 

while acting as a full agonist at 5-HT1A (Seeger et al., 2005).  The increase in SWS 



77

observed under ziprasidone is most likely mediated through the antagonism of 5-HT2A/2C 

receptors as receptor blockade at these sites has been shown to enhance SWS (Sharpley et 

al., 1994).  The partial suppression of REM sleep may be possibility related to

ziprasidone’s unique ability to inhibit the reuptake of both 5-HT and NE as termination of 

REM sleep is normally mediated by serotonergic and noradrenergic REM-off neurons.  

Ziprasidone’s affinity for the reuptake sites is similar to that of the antidepressant

imipramine, a drug that produces comparable changes in REM suppression in depressed 

patients (Gunasekara et al., 2002).  The increase in REM latency may have also been 

mediated by 5-HT1A agonism as agonists to postsynaptic receptors have been shown to 

inhibit REM sleep (Landolt & Wehrle, 2009) and via ziprasidone’s affinity for α1-

adrenergic receptors. Further normalization of REM sleep may have been achieved 

through antagonism of overactive cholinergic neurons through ziprasidone’s affinity for 

muscarinic M1 receptors, as REM is generated by the cholinergic mediated REM-on

neurons and anticholingerics have been shown to delay REM onset (Sharpley & Cowen, 

1995). However, the possibility of this is not likely due to ziprasidone’s minimal affinity 

for muscarinic M1 receptors.  Similarly, as ziprasidone only possess low affinity for α2-

adrenergic receptors, this mechanism appears to be of little significance for the 

explanation of the observed sleep effects.  Instead, ziprasidone’s sleep continuity 

properties might be related to its antihistaminergic and antidopaminergic activity.  

Receptor blockade using the histamine H1 receptor antagonist, mepyramine resulted in 

similar improvements in sleep continuity as seen in the present study, in normal young 
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volunteers (Solomon, Sharpley & Cowen, 1989).  Furthermore, active histaminergic cells 

are wake-promoting and reductions in histamine will allow for sleep to occur (Saper et 

al., 2001).  Improvements in sleep continuity may have also been mediated through 

ziprasidone’s affinity for DA receptors.  Compounds with DA1 or DA2 receptor blocking 

properties have been shown to augment NREM sleep and reduce wakefulness (Monti & 

Monti, 2007).  Despite ziprasidone’s moderate affinity to the DA1 receptor, it possesses

very strong affinity to the DA2 receptor as an antagonist.  Hence, the beneficial effect of 

ziprasidone on objective sleep quality is probably attributable to its extensive 

pharmacological profile enabling it to affect a variety of NT systems important for normal 

sleep structure.  Thus, the improvement in sleep architecture reported here is likely to be a 

direct result of the pharmacological action of ziprasidone as opposed to general

improvement in clinical mood symptoms. 

The main limitation of this study is that it was not powered to detect changes in 

REM or any other secondary outcome measure, but only SWS.  In particular, the lack of 

differential effects of ziprasidone augmentation on clinical measures and the limited 

correlation seen between sleep and clinical measures may be due to the small sample size 

of the study.  For example, there was a trend toward increased subjective sleep quality 

and improved depressive scores in the ziprasidone group, and a larger study may have 

yielded statistically significant results.  Secondly, the four week duration of this study 

only allowed for evaluation of the short-term treatment of depression.  However, it has 

been well documented that approximately six to eight weeks of treatment with 
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psychotropic medication is required in order to observe full improvement.  Thus, a 

slightly longer study duration may have shown greater differentiation in depressive 

symptoms between the ziprasidone and placebo treated groups.  Finally, there are a 

number of potential confounding factors associated with this study.

Participants were taking a variety of concomitant medications including 

antidepressants, mood stabilizers and benzodiazepines, which may affect the key 

neurotransmitters involved in sleep-wake manipulation including 5-HT, NE and Ach.  

However, changes in sleep architecture with these classes of medication have been shown 

to usually occur within the first 4 weeks of treatment.  In the present study, all 

medications were required to be at stable dose for 4 weeks prior to entry into the study 

and throughout the study.  Moreover, there was a similar distribution of concomitant 

medications between both the ziprasidone and placebo treated groups.  Therefore, this 

should not have been a confounding factor in this study, however, the potential is present.  

The inclusion of elderly patients is another potential confound because aging is associated 

with greater sleep fragmentation in the form of suppressed SWS and more time spent 

awake (Wilson & Argyropoulos, 2005).  However, there was no significant difference 

between the placebo and ziprasidone treated groups on mean age.  For future studies, the 

exclusion of elderly participants may be useful.  Comorbid diagnosis is also a potential 

confound.  Patients with comorbid anxiety disorders were included in the study to ensure 

the generalizability of the information to clinical practice as 93% of patients with BD 

possess a lifetime risk of developing comorbid anxiety disorder(s) (Kessler, 1999).  Panic 
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disorder, obsessive-compulsive disorder and generalized anxiety disorder comorbidity is 

found in 36.8%, 21.1% and 31.6% of bipolar depressed patients, respectively (Pini et al., 

1997).  PSG studies have shown that, in comparison to normal subjects, the sleep of 

patients with primary anxiety disorders is characterized by increased sleep onset latency, 

increased time awake, reduced total sleep time and decreased sleep efficiency 

(Papadimitriou & Linkowski, 2005).  In contrast to patients with depression, the sleep 

structure of the various sleep stages is normal and there are no significant changes in 

REM or NREM sleep measures.  As all participants in the present study were 

experiencing a MDE, the presence of comorbid anxiety is not thought to affect specific 

PSG sleep stage outcomes, although it may have affected PSG sleep continuity measures 

and self-reported symptoms.

The effects of ziprasidone on sleep presented in this study demonstrate the

influence of the drug on the sleep of patients with bipolar depression during short-term 

treatment.  Studies in the future should evaluate the influence of different dosages of 

ziprasidone and long term studies are required to see if improvements continue from the 

acute phase into maintenance treatment. Comparison with a healthy control group would 

strengthen the understanding of sleep architecture in bipolar depression and the effects of 

treatment.  Moreover, a healthy control group would demonstrate if ziprasidone treatment 

resulted in an improvement of sleep architecture to reflect that of a normal population. 

Power spectral analysis could be used in future studies as it has been proposed to be a

more sensitive method than Rechtschaffen and Kale’s (1968) analysis for documenting 
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pharmacological effects on sleep EEG (Borbély et al., 1983).  Schlösser et al. (1998) 

reported that it not only detects shifts between the various sleep stages during the night, 

but also takes into account the qualitative alterations of certain stages.  Therefore, a study 

employing all-night spectral analysis would greatly enhance the understanding of the 

relationship between sleep architecture and clinical response.

Disturbances of sleep belong to the core symptoms of bipolar depression and 

treatment is important for clinical management.  Normal sleep architecture is altered, 

impairing quality of life, contributing to relapse and disrupting affect regulation.  Hence, 

management of sleep disturbance and manipulations in sleep architecture in the treatment 

of bipolar depression are important for improving both quality of life and overall 

depressive symptoms.  With few antidepressants, mood stabilizers or augmentation agents 

available for improving all three major categories of sleep disturbances in depression 

including reduction of SWS, REM disinhibition and distorted sleep continuity, this study 

suggests ziprasidone augmentation may be an effective sleep-consolidating tool, tackling 

all three types of sleep architectural problems.  This is especially true for patients in 

which, antidepressants have not proved to be beneficial.  The effects of sleep 

manipulation demonstrated by ziprasidone treatment may have been achieved by its 

pharmacological profile including its high affinity for a variety of receptors involved in 

the sleep-wake cycle and its ability to block the reuptake of monoamines.  Furthermore, 

improvements in objective sleep with ziprasidone treatment correlate with improvement 

in subjective sleep quality.  This study also demonstrated that ziprasidone augmentation
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in bipolar depression improves clinical global severity and anxiety symptoms.  The 

results of this study are generalizable to a number of patients in the clinic population due 

to the heterogeneity of concomitant medication use and due to the lack of comorbid 

exclusions.  However, the results of this study do not allow us to understand what effect

ziprasidone may have on sleep architecture in patients with comorbid substance 

dependence or in patients with schizophrenia or dementia.  

Ziprasidone may be an effective tool in bipolar depression treatment for not only 

improving mood symptoms but for also improving sleep disturbance, a cardinal symptom 

of bipolar depression.  As far as we are aware, this is the first study to date, to have 

investigated the effects of ziprasidone treatment on both objective and subjective sleep in 

a clinical population.  This study can act as a doorway for further studies to investigate 

the relevance of ziprasidone’s influence on sleep in patients suffering from psychiatric 

illness.  The sleep-inducing properties of ziprasidone and its underlying mechanisms 

might be an important aspect in its ability to counteract different aspects of 

psychopathology in bipolar depression.  However, further randomized investigations will 

be needed to assess whether ziprasidone may have value as an augmentation agent in the 

treatment of bipolar depression.
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Appendix A

Table I

Concomitant Medications of Ziprasidone and Placebo Treated Groups

________________________________________________________________________

Medication Placebo (n=6) Ziprasidone (n=8) Total (N=14) 

N N N
________________________________________________________________________

Antidepressants
Amitriptyline 1 0 1
Bupropion 3 0 3
Citalopram 0 2 2
Desvenla- 0 1 1
faxine
Escitalopram 2 0 2
Trazodone 1 1 2
Venlafaxine 1 1 2
TOTAL 8 5 13

Mood Stabilizer
Lamotrigine 2 0 2
Lithium 1 3 4
Valproic Acid 2 2 4
TOTAL 5 6 10

Benzodiazepines
Clonazepam 2 1 3
Lorazepam 0 1 1
TOTAL 2 2 4

Other
Clonidine 0 1 1
Concerta 1 0 1
Gabapentin 1 0 1
Imovane 1 0 1
Methadone 0 1 1
OxyContin 1 0 1
TOTAL 4 2 6

_____________________________________________________________________
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Table II

Adverse Events for both Ziprasidone and Placebo Treated Groups
________________________________________________________________________

Adverse Events Placebo (n=6) Ziprasidone (n=8) Total (N=14) 

N N N
________________________________________________________________________

None 1 0 1
Aggression 1 0 1
Anxiety 1 0 1
Apathy 1 0 1
Blurred vision 0 2 2
Diarrhea 0 1 1
Dizziness 2 0 2
Dry mouth 2 2 4
Eye irritation 1 0 1
Foot tremor 0 1 1
Grinding teeth 0 1 1
Hallucinations 0 1 1
Hand tremor 0 2 2
Headaches 2 3 5
Hot or cold flash 0 1 1
Hypersomnolence 1 3 4
Muscle tightness 0 1 1
Muscle twitching 1 3 4
Muscle weakness 0 1 1
Nausea 1 2 3
Numbness in limbs 1 1 2
Racing heart 0 2 2
Restless sleep 1 1 2
Ringing in ears 0 1 1
Stomach pain 0 1 1
Swollen throat 0 1 1
TOTAL 16 31 47
________________________________________________________________________
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Table III

Principal Components Analysis: Component Matrix

________________________________________________________________________
Component Factor 1 Factor 2 Factor 3

________________________________________________________________________   

A) Clinical 
Depression 0.563 0.634 -0.333

Anxiety -0.214 0.639 -0.422

Sleep Quality 0.666 0.268 0.623

________________________________________________________________________

B) Sleep Architecture

Sleep Continuity -0.821 0.112 0.264

Stage 1 -0.399 0.395 -0.496

Stage 2 0.094 0.810 0.444

SWS -0.652 0.477 0.294

REM 0.789 0.108 -0.189

________________________________________________________________________

Note. Loading values for each variable within each set are displayed.  Principal 
components analysis was performed on set A: clinical measures and set B: sleep 
architectural measures.  Each variable is representative of the standardized change from 
baseline to end of study.  Boxed loading values indicate variables which share a common 
factor within each set and hence could be factored together to represent a single score.
SWS: Slow wave sleep, REM: Rapid eye movement sleep.  
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