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Abstract

This thesis presents research examining the impact circadian rhythm disturbances
experienced in bipolar disorder (BD) have at two levels of investigation. First, circadian
rhythm disturbance is studied with regard to quality of life in individuals with BD. The
results of an analysis investigating the impact of self-reported circadian rhythm
disturbance on quality of life (QOL) show circadian rhythm is strongly associated with
poor QOL in patients with BD, independent of severity of depressive symptoms, sleep
disturbance and use of sleep medications. Next, the impact of circadian rhythm
disturbance on oxidative stress was studied. Oxidative stress has previously been
implicated in BD, yet no studies have investigated the relationship between these systems
in the context of the disorder. We demonstrate that circadian rhythm disturbance is related
to increased lipid peroxidation in BD patients, which is not seen in controls. This study
provides a basis for further investigation of the links between oxidative stress and
circadian rhythms in the pathophysiology of BD. Taken together, these results provide
evidence that circadian rhythms have a widespread impact on two separate aspects of BD:
personal sense of well being and a biological marker of oxidative stress. These novel
findings contribute to the mounting evidence indicating circadian rhythm disturbance as

one of the core features of BD, and an important target for treatment.
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CHAPTER 1

General Introduction

Understanding the neurobiology of psychiatric illness is critical to developing better
treatments of such complex disorders as bipolar disorder (BD). There are many theories
of the pathophysiology of BD, one of which is focused on disruptions of the sleep and
circadian rhythms. There is a growing body of literature that shows sleep and circadian
rhythm disturbance are intimately linked to mood disorders, based on several lines of
evidence (psychosocial cues, genetic and molecular studies). The primary aim of this
thesis is to investigate the relationships of disrupted circadian rhythms in BD on two
levels of analysis: subjective ratings of quality of life (QOL) and a biological marker of
oxidative stress. To begin, Chapter 1 provides a general background on BD, circadian
rhythms and evidence of disrupted circadian rhythms in BD, followed by an outline of
aims and hypotheses. The impact of circadian rhythm disturbance on overall quality of
life in BD is presented in Chapter 2. Next, results of the impact of circadian rhythm
disturbance on a marker of lipid peroxidation are presented in Chapter 3, as a means of
exploring the possible relationship between the circadian clock and oxidative stress in BD.
Finally, results are summarized and discussed in the context of future directions of study

in Chapter 4.

Bipolar disorder: Description and biological theories

BD is a chronic, debilitating psychiatric illness characterized by elevated mood,

over activity and impaired judgment (APA, 2000; Belmaker, 2004). There is an estimated
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prevalence of 4% of bipolar spectrum disorder, or approximately 30 million people
worldwide (Merikangas et al., 2007). In reports on the global burden of disease by cause,
BD is considered one of the most disabling illnesses of all psychiatric and medical

conditions (Murray & Lopez, 1997).

The debilitating nature of BD is two-fold; not only do the mood episodes cause a
great deal of social and occupational problems, but comorbid conditions are often the rule
rather than the exception for patients. BD is most frequently comorbid with anxiety
disorders and substance use disorders (Merikangas et al., 2007). Risk of suicide in BD
was found to be the highest of all psychiatric illnesses for males and second highest for
females, as shown in a 30-year prospective study on a national cohort (Nordentoft,
Mortensen, & Pedersen, 2011). In fact, close to 50% of adults with BD attempt suicide at
least once in their lifetimes (Hawton, Sutton, Haw, Sinclair, & Harriss, 2005). It has also
been shown that patients with BD have increased premature mortality and morbidity in
general, even when suicide is taken into account (Kupfer, 2005). This is likely because
patients with are at a much greater risk of certain medical conditions, such as obesity and
cardiovascular disease, and this risk seems to be higher than in other psychiatric disorders
(Weiner, Warren, & Fiedorowicz, 2011). The clinical evidence for the progressive and
debilitating nature of BD is substantial, however the underlying neurobiology remains
unclear. There are many pathways currently under investigation in the neurobiology of

BD, including neurotrophic factors, inflammation and oxidative stress (Berk et al., 2011).
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Circadian Rhythms: Definition and molecular functioning

Rhythmic changes that occur in a nearly 24-hour period are referred to as
circadian rhythms, from the Latin phrase for ‘circa diem’, meaning ‘about a day’. There
are three main components of the circadian clock: cues from the environment influence
the endogenous clock, the clock itself which maintains a rhythm regardless of
environmental cues, and an output pathway to synchronize the peripheral organs and
tissues (Reppert et al., 2002). The master circadian clock is in the superchiasmatic nuclei
(SCN), which orchestrates the timing of rthythms in the rest of the body endogenously
also receive input from hormones and peptides from the periphery, as well as from the
environment. Integration of the autonomous clock in the SCN and environmental cues,
such as light-dark cycles, control the rhythms of the organism around a circadian rhythm
of 24-hours. Light-dark and sleep-wake cycles are particularly important for entraining
the endogenous clock to the appropriate phase since the SCN receives direct input from
the retina (Cermakian & Sassone-Corsi, 2002). Environmental events that influence the
circadian rhythm are known as “zeitgebers” (Ehlers, Frank, & Kupfer, 1988). Zeitgebers
can be either physical stimuli (e.g., light), or social events such as timing of general
activities or meals. Thus, proper functioning of these systems leads to synchronization of
the internal and external environments. Coordinated expression of biochemical,
physiological and behavioural rhythms is thought to be adaptive, in that it prepares the
body for environmental changes important for survival of the species. Desynchronized
rhythms have been shown to have many adverse effects in humans and compromises

overall metabolism, autophagy and DNA repair (Kondratova & Kondratova, 2012).
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Circadian rhythm disruption in bipolar disorder

In a substantial proportion of patients with BD, erratic schedules can be very
detrimental and will often put them at increased risk of relapse (Frank et al., 2008; Giglio
et al., 2010). Sleep disturbance is one of the most commonly reported prodromes of
affective episodes and is a core symptom of both mania and depression (Jackson et al.,
2003). Sleep-wake cycles are the most observable cue of circadian rhythm, and therefore
one of the best clues as to whether circadian rhythms are disrupted. Studies based on
subjective measures of sleep disturbance show that remitted BD patients have many of
the same characteristics as patients with insomnia, such as decreased sleep efficiency,
elevated sleep-related anxiety (Harvey et al., 2005) and more daytime sleepiness (St-

Amand, Provencher, Bélanger, & Morin, 2013)

The influence of external cues on the circadian system makes it an excellent target
for therapeutic interventions in BD. Ehlers et al. (1988) was the first to propose the social
zeitgeber theory that BD patients are at increased vulnerability to circadian rhythm and
sleep disturbance based on changes in their routines. There is now considerable evidence
that stressful life events which disrupt routines, social rhythms and sleep, put individuals
with BD at risk for a mood episode (Shen, Alloy, Abramson, & Sylvia, 2008). Strong
social rhythms are associated with improved sleep quality and decreased risk of a mood
episode. This is the theory behind the interpersonal and social rhythm therapy (IPSRT),
which is effective in acute and maintenance treatment of BD when practiced in

combination with pharmacotherapy (Frank et al., 2005; Miklowitz et al., 2007). Despite
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the evidence for circadian rhythm disturbance in BD, the effects these disturbances have

on the course of illness remains understudied.

Aims and Hypotheses

The overall objective of this study is to examine how disruptions in circadian
rhythms, as reported with the biological rhythm interview of assessment in
neuropsychiatry (BRIAN), impact various aspects of BD. First, we examined how quality
of life (QOL) is influenced by circadian rhythm disturbance within a sample of depressed
and euthymic BD patients. QOL is known to be lower in individuals with BD and
impairments are also associated with decreased sleep quality. However, no study to date
has investigated how circadian rhythm is related to QOL in BD. It is hypothesized that
circadian rhythm disruption will be independently associated with impaired QOL in BD
patients. This study is presented in Chapter 2 in the form of a manuscript submitted to the
Journal of Affective Disorders, entitled “Circadian rthythm is independently associated
with quality of life in bipolar disorder”.

Next, we investigated whether greater circadian rhythm disruptions may influence
BD patients at the molecular level, by looking at whether circadian rhythm disturbance
was associated with lipid peroxidation in females with BD. Oxidative stress has been
implicated in the pathophysiology of BD based on biochemical, pharmacological and
postmortem studies (Steckert, Valvassori, Moretti, Dal-Pizzol, & Quevedo, 2010). Many
elements of redox metabolism, especially antioxidant defense mechanisms, have been

shown to follow a circadian rhythm. Both circadian rhythm disturbance and oxidative
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stress have been shown to be involved in the pathophysiology of BD. However the
relationship between these two systems remains unclear in the context of BD. The aim of
this study is to examine the impact of circadian rhythm disturbance on lipid peroxidation
in BD and healthy controls, while controlling for depressive symptom severity, age and
psychotropic medication use. It is hypothesized that greater circadian rhythm disruption
will be associated with increased lipid peroxidation. This is explored in Chapter 3 in a
manuscript submitted to the International Journal of Neuropsychopharmacology, entitled
“Alterations in circadian rhythms are associated with increased lipid peroxidation in

females with bipolar disorder”.
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Chapter 2

Circadian rhythm is independently associated with quality of life in
bipolar disorder

Lauren E. Cudneyl’z, Benicio N. Frey, M.D., M.Sc., Ph.D.1’2’3’*, David L. Streiner,

Ph.D.3’4, Luciano Minuzzi, M.D., Ph.D.1’2’3, Roberto B. Sassi, M.D., Ph.D.!*

' Mood Disorders Program and > Women’s Health Concerns Clinic, St. Joseph’s
Healthcare Hamilton, ON, Canada; ® Department of Psychiatry and Behavioural
Neurosciences, McMaster University, Hamilton, ON; 4 Department of Psychiatry,
University of Toronto, ON, Canada

*Both authors contributed equally as senior authors

This paper was submitted to the Journal of Affective Disorders in August 2013.
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Abstract

Background: Evidence suggests patients with bipolar disorder (BD) experience circadian
rhythm disturbances, however no studies have examined the impact of this disruption on
quality of life (QOL). The aim of this study is to investigate the influence of circadian

rhythm, depressive symptoms, sleep quality and sleep medication use on QOL in BD.

Methods: Eighty BD subjects (44 depressed and 36 euthymic) completed questionnaires
assessing QOL (WHOQOL-BREF), circadian rthythm (BRIAN), depressive symptoms
(MADRS) and sleep quality (PSQI). The impact of circadian rhythm, depressive
symptoms severity, sleep quality and sleep medication use on QOL was determined with

multiple regression analyses.

Results: Linear regression results indicated that BRIAN, MADRS, PSQI and sleep
medication use explained 45.4% of the variance in QOL (F475= 17.45; p<0.0001). In this
model, BRIAN ($=-0.29, t=-2.50, p<0.05), MADRS (p=-0.33, t=-3.14, p<0.01) and sleep
medication use (f=-0.42, t=-2.19, p<0.05) were the only predictors of QOL. 45.3% of the
variance in QOL was still explained by the model when PSQI was removed (F3 76= 20.9;
p<0.0001), indicating circadian rhythm disruption (f=-0.35, t=-3.43, p<0.01), severity of
depressive symptoms (f=-0.36, t=-3.40, p<0.01) and sleep medication use (f=-0.44, t=-

2.32, p<0.05) were independent predictors of QOL.

Limitations: The cross-sectional assessment and the lack of objective measures of

circadian rhythm.
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Conclusion: Disruption in circadian rhythm is associated with poor QOL in BD,
independent of sleep disturbance, use of sleep medication and severity of depression.
Treatment strategies targeting regulation of circadian rhythms, such as sleep/wake, eating

patterns, activities and social rthythms, are likely to improve QOL in this population.

Keywords: Bipolar disorder; Circadian Rhythm; Quality of life; Sleep
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Introduction

Bipolar disorder (BD) is a complex and debilitating disorder that affects about 4%
of the general population (Merikangas et al., 2007). BD was previously considered a
cyclic disorder, consisting of alterations between depressive or manic episodes and
periods of euthymia. More recently there has been a reconceptualization of BD as chronic
and multisystemic disorder, given that a substantial proportion of symptoms of BD do not
completely remit even when patients are not experiencing a manic or depressive episode
(Leboyer & Kupfer, 2010). Cognitive impairments, difficulties in relationships, social and
occupational functioning often persist beyond clinical remission from acute mood
episodes (Giglio, Magalhaes, Kapczinski, Walz, & Kapczinski, 2010). Therefore, it is
critical to understand the mechanisms that may contribute to the inter-episodic
dysfunction of BD. In this regard, some of the most common problems observed during
periods of remission are sleep and circadian rhythm disturbances (Harvey, Schmidt,
Scarna, Semler, & Goodwin, 2005). Studies based on subjective measures of sleep quality
showed that remitted BD patients report many of the same disturbances as patients with
primary insomnia, such as decreased sleep efficiency, elevated sleep-related anxiety
(Harvey et al., 2005) and more daytime sleepiness (St-Amand, Provencher, Bélanger, &
Morin, 2013). Perhaps more importantly, sleep disturbance is the most commonly
reported prodromal symptom of mania and the sixth most prominent for depression

(Jackson, Cavanagh, & Scott, 2003).

Sleep-wake cycles are the most recognizable behavioural manifestation of

circadian rhythm functioning, but other time cues (referred to as zeitgebers) such as social

10
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activities, timing of meals and exercise are able to entrain biological rthythms along a
nearly 24-hour period (Ehlers, Frank, & Kupfer, 1988). Ehlers et al. (1988) was the first
to propose the social zeitgeber theory, in which individuals with BD are more vulnerable
to social routine and sleep disturbances that may predispose them to onset of mood
episodes. There is now substantial evidence that stressful life events, which disrupt
routines and social rhythms, put individuals with BD at risk for a mood episode (Shen,
Alloy, Abramson, & Sylvia, 2008). Besides subjective measures of sleep quality, more
objective measures of sleep/wakefulness and activities that follow circadian timing are
also altered in BD. Actigraphic assessment of euthymic BD patients showed greater
variability in circadian activity compared to controls (Jones, Hare, & Evershed, 2005),
variability of sleep duration (Millar, Espie, & Scott, 2004) and lower daily activity levels
(Salvatore et al., 2008). Measurement of melatonin secretion, the primary hormone for
circadian rhythm synchronization, also indicates differences in circadian rhythms of BD
patients (Nathan, Burrows, & Norman, 1999), Taken together, these clinical studies show
that disturbances in sleep and circadian rhythm are seen throughout the course of the

disorder, suggesting this disturbance can be seen as both state and trait markers of BD.

Quality of life (QOL) is a subjective measure of satisfaction with many aspects of
life including physical and psychological health, social relationships and environment
(The WHOQOL Group, 1995), and has consistently been shown to be decreased in BD
patients. Many of these domains overlap with aspects of social rhythms, and circadian
rhythm. For instance, Giglio et al. (2008) found that euthymic BD patients with

symptoms of insomnia had lower QOL than those without sleep disturbance. It has been

11
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suggested that sleep alterations may contribute to impaired QOL in BD possibly due to
the effects of poor sleep quality on concentration, cognition and memory (Giglio et al.,
2008). Depressive symptoms have also been shown to be a strong predictor of poor QOL
(Amini & Sharifi, 2012; Yatham et al., 2004). In fact, depressed BD patients experience
more impairment in QOL than unipolar depressed patients, even when severity of
depression was taken into account (Berlim et al., 2004). It is also possible that acute
depressive symptoms have a strong negative impact on subjective ratings of QOL due to

cognitive distortions experienced during depression (Michalak, Yatham, & Lam, 2005).

As disturbances in sleep and circadian rhythm are prominent features of BD, a
better understanding of how these symptoms relate to overall sense of well-being and
QOL is required. To the best of our knowledge, the interplay of depressive symptoms,
sleep quality and circadian rhythm on QOL has not been studied in euthymic and
depressed BD subjects. In addition, many psychotropic drugs used in the treatment of BD
affect sleep, but it is still unclear how these drugs may impact of sleep and circadian
rhythm on QOL. The objective of the present study is to examine the impact of sleep,
circadian rhythm, sleep medication use and severity of depression on QOL in a well-
characterized sample of euthymic and depressed BD subjects. We hypothesize that
abnormalities in circadian rhythm will be independently associated with poor QOL in

individuals with BD.

12
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Methods

Participants

Eighty patients with BD type I (n=58), BD type II (n=21) or NOS (n=1) were recruited
from the Mood Disorders Program and Women’s Health Concerns Clinic at St. Joseph’s
Healthcare Hamilton, Ontario. All subjects gave written informed consent to take part in
the study, as approved by the ethics committees of St. Joseph’s Healthcare Hamilton and
Hamilton Health Sciences. The diagnosis of BD was confirmed with the Structured
Clinical Interview for the DSM-IV (SCID-I). Patients with BD were included in the study
if they either met criteria for a current major depressive episode (n=44) or if they did not
meet criteria for a current mood episode (n=36) according to the SCID-I. Patients were

excluded if they met criteria for a hypomanic, manic or mixed episode.

Clinical Instruments

QOL was measured using the World Health Organization Quality of Life assessment
(WHOQOL-BREF-TR), which covers four domains of QOL: physical health,
psychological, social relationships and environment in 24 questions, with greater scores
indicating better QOL (Group, 1995). This scale has been validated and widely used in
BD research. The Montgomery-Asberg Depression Rating Scale (MADRS) was
employed to measure depressive symptom severity (Montgomery & Asberg, 1979).
Degree of circadian rhythm disruption was measured with the Biological Rhythm

Interview of Assessment in Neuropsychiatry (BRIAN). The BRIAN consists of 18-items

13
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measuring sleep, overall activities, social rhythm and eating behaviour scored from 1 (no
difficulties) to 4 (serious difficulties), with greater scores indicating more circadian
rhythm disruption. This scale has been validated in BD patients in its ability to
discriminate euthymic BD and controls (Giglio et al., 2009). The BRIAN scale has
previously been used in conjunction with measures of cognitive functioning in euthymic
BD patients and showed that circadian rhythm disruption was a predictor of poorer
functioning (Giglio et al., 2010). Pittsburgh Sleep Quality Index (PSQI) was used to
measure subjective sleep quality (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989).
The PSQI is a standardized self-rating questionnaire which evaluates 7 components of
sleep quality, including subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction.
To more closely examine the use of sleep medications on QOL, a separate factor was
included based on the answer to “use of sleep medication” (component 6). Sleep
medication status was categorized as ‘yes’ if participants reported using sleep
medications either * a week’ or ‘more than three times per week’ on component 6 of the
PSQI. This answer was cross-referenced with medications recorded for each participant
during the clinical assessments (including bedtime use of benzodiazepines, zopiclone,

quetiapine or over-the-counter compounds such as melatonin).

Statistical analysis

All analyses were performed with R (Version 2.14.2, R Development Core Team, 2012).

Multiple regression analysis was performed using MADRS, PSQI, BRIAN and sleep

14
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medication status as predictors, and WHOQOL as the dependent variable. Backward
stepwise selection was performed with variable selection made by comparing Akaike
information criterion (AIC) in order to find the most suitable model for predicting QOL
outcomes in BD subjects. Assumptions of linear regression were tested with Shapiro-
Wilk test (normality), a partial residuals plot (linearity), Durbin-Watson test
(independence of errors), non-constant error variance (homoscedasticity) and variance
inflation factor test (multicollinearity). Both models met all of the regression assumptions,
including colinearity. To avoid colinearity between PSQI and sleep medication factor, the
PSQI subscale for “use of medication” (component 6) was dropped from the total PSQI

score, as previously done by Giglio et al. (2010).

Results

Demographic and clinical data are displayed in Table 1. In patients with BD, lower QOL
was correlated with increased depressive symptoms (rp=-0.59, 95% CI [-0.72, -0.43],
p<0.001), greater circadian rhythm disruption (rp=-0.57, 95% CI [-0.70, -0.40], p<0.001)
and poorer sleep quality (rp=-0.51, 95% CI [-0.65, -0.32], p<0.001), as shown in Figure 1.
Results from the regression analyses are reported in Table 2. Multiple regression analyses
indicated that BRIAN, MADRS, PSQI and sleep medication use explained 45.4% of the
variance in QOL scores (F475= 17.45; p<0.0001). In this model, BRIAN ($=-0.29, t=-2.50,
p<0.05), MADRS scores (f=-0.33, t=-3.14, p<0.01) and sleep medication use (f=-0.40,
t=-2.19, p<0.05) were significant predictors of QOL, whereas PSQI scores were not

associated with poor QOL (p>0.05). When PSQI was removed from the model, the model
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still explained 45.3% of the variance in QOL (F3 7= 22.81; p<0.0001), indicating that
BRIAN (B=-0.35, t=-3.51, p<0.01), MADRS scores (f=-0.35, t=-3.42, p<0.01) and sleep

medication use ($=-0.42, t=-2.33, p<0.05) were all independent predictors of QOL.

Discussion

This is the first study to investigate the relationship between circadian rhythm and
QOL in individuals with BD. The novel finding of this study is that disruption in
circadian rhythm is strongly associated with poor QOL in patients with BD, independent
of severity of depressive symptoms, sleep disturbance and use of sleep medications.
Results of Model 1 (Table 2) show that despite a significant correlation between
WHOQOL and PSQI scores, subjective sleep quality is not a significant predictor for
QOL when depression severity, circadian rhythm disruption and sleep medication status
are taken into account. Considering that circadian rhythm disturbance predicted decreased
QOL better than sleep quality alone, this suggests that other factors associated with
circadian rhythms like eating patterns, activities and social rhythms also play an
important role in overall QOL. The BRIAN scale contains five questions that measure
sleep disturbance as it contributes to circadian rhythm disruption. It is likely that these
sleep questions are enough to account for the impact of sleep quality on QOL variation in
patients with BD. These findings are also consistent with previous findings showing that
although sleep and circadian rhythm systems interact with each other, circadian rhythm is
influenced by more than just sleep/wake patterns (Harvey, 2008). Previous research has

implicated circadian rhythm disturbance in various domains of functioning that are
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directly or indirectly related to QOL. For instance, Giglio et al. (2010) found that overall
functioning (including measures of autonomy, work, cognition, financial and
interpersonal issues) was best predicted by circadian rhythm as measured by BRIAN in
euthymic BD subjects. Another study found that even in periods of euthymia BD subjects
tend to report a later daily first social and work contact as compared to matched controls
(Jones et al., 2005). Similarly, occupational functioning was more quickly improved in
BD patients after therapy focused on regulation of social rhythms (interpersonal social
rhythm therapy; IPSRT) compared to a psychoeducational therapy (Frank et al., 2008).
Our results suggest that therapies targeting the regulation of circadian rhythms such as
IPSRT, exercise, psychoeducation, light therapy, sleep hygiene, etc. may have a direct
impact in improving QOL along with symptom recovery in BD.

We also found that use of sleep medications was associated with poor QOL in BD
(Table 2). Previous studies found an association between sleep medication use and
impaired physical, but not psychological QOL in individuals with and without insomnia
(Sasai et al., 2010). This may be a valid comparison to our sample of BD subjects, since
sleep disturbances commonly observed in periods of euthymia in BD are comparable to
those seen in individuals with primary insomnia (Harvey et al., 2005). Therefore it is
possible that the use of sleep medications is associated with poor QOL in BD because
more severe forms of BD have greater sleep disturbances. This would, in turn, increase
the need for use of sleep aids. Side effects of sleep aids, such as sedation, fatigue and
dizziness may also play a role in decreasing QOL. Notably, preclinical studies found that

mood stabilizers such as lithium and valproate, can regulate the expression of circadian
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rhythm genes (Johansson, Brask, Owe-Larsson, Hetta, & Lundkvist, 2011). This is
consistent with human studies showing that these mood stabilizers reduce the melatonin
light sensitivity in healthy volunteers (Hallam, Olver, & Norman, 2005a; Hallam, Olver,
Horgan, McGrath, & Norman, 2005b). Our study, however, cannot distinguish whether
the effects of sleep aids on QOL are associated with changes in the expression of
circadian rhythm genes or melatonin.

Finally, we replicated previous findings that the severity of depressive symptoms
is an independent predictor of poor QOL (Michalak et al., 2005). Yatham et al. (2004)
previously showed QOL was inversely correlated with severity of depression in both
unipolar and bipolar depression. However, it is worth mentioning that QOL is not merely
an inverse measure of depression, since QOL improvements typically lag after remission
of depressive symptoms (Murray & Michalak, 2012). A study on the treatment of BD
depression with quetiapine found that improvement in QOL was positively correlated
with improvement in depressive and anxiety symptoms and sleep quality, and that this
relationship increased over time (Endicott, Paulsson, Gustafsson, Schidler, & Hassan,
2008). We are not aware of any study reporting investigation of the impact of circadian
rhythm improvement on QOL.

One limitation of the present study is that objective measures of circadian rhythm
disturbance such as actigraphy were not employed. Sleep and circadian assessment with
dim light melatonin onset (DLMO) and actigraphy have recently been studied in youth
with mood symptoms, which showed that disturbances in rhythms of melatonin and sleep

quality differed in early stages of mood disorder (Naismith et al., 2012). DLMO was not
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associated with severity of depression or sleep quality rating scales. Future studies are
needed to evaluate whether objective measures of circadian rhythms such as
melatonin/DLMO are related to self-report measures such as the BRIAN. Another
limitation is that BD subjects experiencing manic, hypomanic or mixed episodes were
excluded. Recent studies found that reports of QOL during manic and hypomanic
episodes tend to be less impaired than during depressive or mixed states (Jansen et al.,
2013; Michalak, Torres, Bond, Lam, & Yatham, 2013). As disturbance of circadian
rhythms have also been associated with onset of manic episodes (Jackson et al., 2003),
studies on the impact of circadian rhythm disruption on QOL in manic/hypomanic
subjects are warranted.

In conclusion, circadian rhythm was strongly associated with QOL, independent
on severity of depressive symptoms, sleep quality and use of sleeping aids in a sample of
well-characterized euthymic and depressed BD subjects. Our results suggest that
circadian rhythm may have a direct impact on QOL, which highlights the importance of
interventions that target circadian rhythm in combination with pharmacotherapy in BD.
Further studies investigating the neurobiology behind circadian rhythm disturbance in BD,
and how pharmacological and non-pharmacological interventions interact with these

systems are encouraged.
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Figures

Figure 1: Correlations of QOL with: a) depressive symptom severity (rp=-0.59, 95% CI
[-0.72, -0.43], p<0.001) b) circadian rhythm disturbance (rp=-0.57, 95% CI [-0.70, -0.40],
p<0.001 ¢) sleep quality (rp=-0.51, 95% CI [-0.65, -0.32], p<0.001).
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Tables

Table 1: Demographic and clinical characteristics of study participants

Variable Bipolar sample (n=80)
Mean Age, years (S.D.) 42.62 (12.88)
Range 20-66

Sex
Female 64 (80.0%)
Male 16 (20.0%)
Occupation status
Employed 38 (47.5%)
Unemployed 38 (47.5%)
Missing data 4 (5.0%)
Education, years (S.D.) 15.24 (3.11)
Current psychiatric comorbidities, n (%)
Alcohol/Substance abuse 11 (13.8%)
Eating Disorders 2 (2.5%)
Generalized Anxiety Disorder 11 (13.8%)
Obsessive Compulsive Disorder 4 (5.0%)
Panic Disorder 7 (8.8%)
Post Traumatic Stress Disorder 10 (12.5%)
Social Phobia 12 (15.0%)
Specific Phobia 3 (3.8%)
Psychiatric medications, n (%)
Mood Stabilizers 47 (58.8%)
Antipsychotics 40 (50.0%)
Antidepressants 44 (55.0%)
Anxiolytics 40 (50.0%)

Sleep Medication use
Yes
No

Mean WHOQOL (S.D.)
Range

Mean MADRS (S.D)
Range

Mean BRIAN (S.D.)
Range

Mean PSQI (without Component 6) (S.D.)

Range

54 (67.5%)
26 (32.5%)
74.05 (13.90)
41-103
16.76 (10.55)
0-38
47.69 (10.06)
29-69
8.35 (3.88)
2-20
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Table 2: Multiple Regression Analysis Predicting Quality of Life in BD patients

Model 1.

Summary of multiple linear regression analysis including all predictors for QOL

Predictors Standardized Unstandardized Standard | t-value | Pearson’sr
coefficients (B) | coefficients (b) Error

MADRS -0.33%* -0.43%* 0.14 -3.14 -0.59%*

BRIAN -0.29%* -0.40%* 0.16 -2.50 -0.57**

PSQI -0.12 -0.44 0.40 -1.10 -0.51**

(without C6)

Sleep -0.40%* -5.53% 2.52 -2.19 N/A

medication

use

Model significance: Adj. R’= 0.454; F=17.45; df=4,75; p<0.0001. AIC=377.45
*p<0.05, **p<0.01

Model 2.

Summary of model of best fit based on stepwise variable selection of QOL predictors

Predictor Standardized Unstandardized Standard t-value | Pearson’sr
coefficients () | coefficients (b) Error

MADRS -0.35%=* -0.46** 0.14 -3.42 -0.59%**

BRIAN -0.35%* -0.49%* 0.14 -3.51 -0.57**

Sleep -0.42%* -5.85% 2.51 -2.32 N/A

medication

use

Model significance: Adj. R’= 0.453; F=22.81; df=3,76; p<0.0001. AIC=376.72
*p<0.05, **p<0.01
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Abstract

Disturbances in both circadian rhythms and oxidative stress systems have been implicated
in the pathophysiology of bipolar disorder (BD), yet no studies have investigated the
relationship between these systems in BD. We studied the impact of circadian rhythm
disruption on lipid damage in 52 depressed or euthymic BD females, while controlling for
age, severity of depressive symptoms and number of psychotropic medications, compared
to 30 healthy controls. Circadian rhythm disruption was determined by a self-report
measure (Biological Rhythm Interview of Assessment in Neuropsychiatry; BRIAN),
which measures behaviours such as sleep, eating patterns, social rhythms and general
activity. Results of a multiple linear regression showed that circadian rhythm disturbance
was associated with increased lipid peroxidation in females with BD (p<0.05). Circadian
rhythms were not associated with damage to lipids in healthy controls, where aging was
the only significant predictor. These results suggest an interaction between the circadian
system and redox metabolism, in that greater disruption in daily rhythms was associated
with increased lipid peroxidation in BD only. Antioxidant enzymes have been shown to
follow a circadian pattern of expression, and it is possible that disturbance of sleep and
daily rhythms experienced in BD may result in decreased antioxidant defense and
therefore increased lipid peroxidation. This study provides a basis for further
investigation of the links between oxidative stress and circadian rhythms in the

neurobiology of BD.
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Introduction

Bipolar Disorder (BD) is a chronic illness consisting of episodes of mania and
depression, affecting nearly 4% of the population (Merikangas et al., 2007).
Abnormalities in circadian rhythms, such as sleep, daily activity, social rhythms and
eating behaviour are commonly observed not only during mood episodes but also during
periods of euthymia (Harvey et al., 2005). There is a growing body of evidence
suggesting complex associations between BD and circadian activity (McClung, 2013).
Disruptions in sleep/wake cycle are well known triggers of affective episodes in patients
with BD (Proudfoot et al., 2011), and indeed one of the most effective psychotherapy
interventions in BD targets the maintenance of stable biological rhythms as one of its core
goals (Frank et al., 2007). In fact, virtually all treatments for mood disorders have an
influence on circadian rhythms, in particular chronotherapeutics such as light therapy,
sleep deprivation and sleep phase advancement (Wehr et al., 1979; Benedetti, 2012).
From a molecular perspective, there are several lines of evidence supporting that
circadian rhythms are sensitive to disruption in BD patients, such as abnormalities in

circadian genes and circadian endocrine markers (Milhiet et al., 2011; McClung, 2013).

Circadian rhythm disruption has been shown to have negative consequences in
numerous biological systems in healthy subjects, in particular, immune, inflammatory and
oxidative stress systems (Faraut et al., 2012). Multiple mechanisms have been proposed
to explain the correlation between sleep and oxidative stress, including sleep-related

changes in transcriptional responses of genes involved in oxidative stress in peripheral

28



MSc. Thesis- L. Cudney, McMaster University- Neuroscience

tissues (Anafi et al., 2013). The endogenous timekeeper in mammals is the
suprachiasmatic nuclei (SCN) in the hypothalamus, which regulates biological rhythms of
endocrine secretion, body temperature, sleep/wake cycles and other behaviours including
cognition (Kyriacou and Hastings, 2010) in a period close to 24-hours (Reppert and
Weaver, 2002). Almost all peripheral tissues exhibit circadian oscillations that are
synchronized by the SCN (Cermakian and Boivin, 2009). The molecular mechanisms of
circadian rhythm are tightly linked with transcription - translation feedback loops of
circadian genes such as CLOCK and BMAL! in the SCN, which activate transcription of
other regulatory circadian genes (Reppert and Weaver, 2002). Notably, many of these
genes (e.g. PER, CRY, REV-ERBa and GSK3p) have been considered among the top
candidate genes for BD and some have been implicated in treatment response (Etain et al.,
2011). Animal models of mania also implicate circadian rhythm and sleep disruptions in
BD, in that CLOCK mutations and sleep deprived mice demonstrate a manic-like

behavioural profile (McClung, 2007).

Melatonin is the primary circadian signaling molecule, which has increased
secretion in the dark and is inhibited in the light (No6lte et al., 2009). Several studies
suggest BD patients have irregular melatonin secretion. For example, the inhibition of
melatonin synthesis in light has been shown to be impaired in BD patients compared to
controls (Nathan et al., 1999). In addition, lower nocturnal melatonin levels have been
observed during depression and euthymia (Kennedy et al., 1996). A recent study showed
that patients with depression have an increased number of melatonin receptors in the SCN

(Wu et al.,, 2013). An increase in melatonin receptors may be a compensatory mechanism
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for the reduced melatonin levels in patients with mood disorders, and these receptors have
been recently suggested as targets of novel antidepressant agents (Fornaro et al., 2013).
Therefore, circadian rhythm differences in mood disorders are observable at molecular

and behavioural levels, but how these changes emerge is still unknown.

Besides its role in circadian rhythm control, melatonin has antioxidant properties,
acting as an electron donor in scavenging free radicals to protect against oxidative
damage to lipids, proteins and DNA (Reiter et al., 1995). Oxidative damage occurs when
there is a disturbance in the oxidant-antioxidant balance, as a result of an overproduction
of reactive oxygen species (ROS) and/or insufficient antioxidant defense (Halliwell,
2012). Melatonin is more effective at neutralizing ROS than other intracellular
antioxidants such as glutathione (GSH) and also stimulates antioxidant enzyme activity
(Reiter et al., 1995; Wang et al., 2013). Evidence has shown that oxidative stress may be
important in the pathophysiology of BD, particularly with respect to lipid peroxidation. A
meta-analysis of studies on peripheral markers of oxidative stress showed that lipid
peroxidation was significantly increased in BD (Andreazza et al., 2008), as indicated by
increased thiobarbituric acid reactive substances (TBARS) (Draper and Hadley, 1990).
Lipid peroxidation has been found to be increased across all mood states, and has been
considered a trait marker of BD (Andreazza et al., 2008). Several recent studies also show
an increase in end-products of lipid peroxidation in BD peripheral blood (Versace et al.,
2013) and in postmortem brain tissue in BD (Andreazza et al., 2013). Together, these
results suggest an imbalance toward a pro-oxidant state in BD, however the factors

leading to an altered redox metabolism remain unknown.
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The above-mentioned studies indicate there are disturbances in both circadian
rhythms and oxidative stress systems in BD, yet it remains unclear whether there is any
relationship between these systems within the disorder. Thus, the aim of the present study
is to determine whether disruptions in circadian rhythms have an impact on levels of lipid
peroxidation in depressed and euthymic subjects with BD, as compared to matched
controls. Because sex differences have been reported in a number of circadian rhythm
measures (Mong et al., 2011; Kuljis et al., 2013), we have restricted this initial study to
the female population. Other variables that may impact oxidative stress levels such as age,
severity of depression and psychotropic medications in BD were also investigated. We
hypothesized that circadian rhythm disturbances would negatively affect lipid

peroxidation levels in individuals with BD.

Methods

Participants and study design

Fifty-two females with BD (37 BD type I and 15 BD type II) and 30 age-matched
healthy controls were recruited from the Mood Disorders Program and the Women’s
Health Concerns Clinic, St. Joseph’s Healthcare Hamilton, Ontario. All subjects gave
written informed consent to take part in the study, as approved by the ethics committees
of St. Joseph’s Healthcare Hamilton and Hamilton Health Sciences. The diagnosis of BD
was confirmed with the Structured Clinical Interview for the DSM-IV (SCID-I). Patients
with BD were included in the study if they either met criteria for a current major

depressive episode (n=44) or if they did not meet criteria for any current mood episode
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(n=32) according to the SCID-I. Participants were excluded if they met criteria for a
hypomanic, manic or mixed episode. Control participants were excluded if they met
criteria for current or lifetime history of any psychiatric illness according to the SCID-I.
Severity of depressive symptoms was measured with the Montgomery-Asberg Depression
Rating Scale (MADRS). Circadian rthythms were measured with the Biological Rhythm
Interview of Assessment in Neuropsychiatry (BRIAN), a self-report questionnaire
composed of 18-items measuring sleep, general activities, social thythm and eating
behaviour scored from 1 (no difficulties) to 4 (serious difficulties), with greater scores
indicating greater circadian rhythms disruption. This scale has been validated in BD
subjects in its ability to discriminate euthymic BD and controls (Giglio et al., 2009).
Psychiatric medications were recorded for each participant and are listed in Table 3. Only
psychotropic medications including mood stabilizers, antidepressants, antipsychotics and
anxiolytic medications were included in the total number of medications participants were

taking.
Laboratory assays

Participants provided blood samples collected by venipuncture. We obtained
serum by centrifugation at 3000g for 15 minutes and kept samples frozen at -80°C until
biochemical assays were performed. Malondialdehyde (MDA) levels were obtained as a
measure of lipid peroxidation, with higher MDA levels representing greater lipid
oxidative damage. Specifically, lipid peroxidation was measured via colorimetric

detection of the malondialdehyde- thiobarbituric (MDA-TBA) adduct with TBARS assay
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kit (Cayman Chem, Ann Arbor, MI, USA). Plates were read at the kit specified
wavelength of 535 nm using an automated reader (Spectra Max Plus 384, Molecular

Devices, Plate Reader).

Statistical analyses

All analyses were performed with R (Version 2.14.2, R Development Core Team,
2012). In the BD sample, multiple linear regression analysis was performed using BRIAN,
MADRS, age and number of psychiatric medications as predictors, and MDA as the
dependent variable. A multiple linear regression was also performed in the healthy
control sample with only age and BRIAN as predictors and MDA as the dependent
variable, since depression severity and psychiatric medications were not relevant to this
population. Assumptions of linear regression were tested with Shapiro-Wilk test
(normality), a partial residuals plot (linearity), Durbin-Watson test (independence of
errors), non-constant error variance (homoscedasticity) and variance inflation factor test
(multicollinearity). MDA levels were square root transformed to lead to a normal
distribution. Both models met all of the regression assumptions. A p value of <0.05 was

used to indicate statistical significance.

Results

Demographic and clinical data for BD and control subjects are displayed in Table
3. As expected, MADRS and BRIAN scores were significantly higher in BD patients than

controls. In the BD group, higher levels of lipid oxidative damage were correlated with
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increased circadian rhythm disruption (BRIAN, 1p=0.33, 95% CI [0.06, 0.56], p<0.05)
and greater number of psychiatric medications (rp=0.29, 95% CI [0.02, 0.52], p<0.05) as
shown in Figure 2, but not related to depression severity (rp=0.08, 95% CI [-0.20, 0.34],
p=0.59), or age (rp=0.15, CI[-0.12, 0.41], p=0.28) (Figure 3b). In the multiple linear
regression model, circadian rhythms disruption (=0.46, t=2.56, p<0.05) and number of
psychiatric medications (f=0.28, t=2.10, p<0.05) were independent predictors of lipid
damage in the BD sample (F4, 47= 3.54; p<<0.05). In order to investigate whether these
results were due to circadian fluctuations of MDA levels, we correlated MDA with time
of blood draw in the BD sample and found no significant relationship (rp=0.01, 95% CI [-
0.26, 0.29], p=0.92). There was no difference in the timing of blood draws between BD
and control subjects (Table 3). In healthy controls, higher MDA levels were correlated
with age only (1p=0.40, 95% CI [0.05, 0.67], p<0.05) (Figure 3a), but not with BRIAN. In
the multiple linear regression model, age (= 0.004, t=2.50, p<0.05) was the only
significant predictor of lipid peroxidation (F» 27= 3.93, p<0.05) in healthy controls.
Results from the regression analyses for BD subjects and healthy controls are reported in

Tables 4a and 4b, respectively.

Discussion

Lipid peroxidation levels are influenced by circadian rhythms in BD

The main finding of the present study is that severity of circadian rhythm
disruption in BD is associated with increased lipid oxidative damage independent of age,

severity of depressive symptoms and use of psychotropic medications. Formation of lipid
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peroxidation (i.e. MDA, TBARS) is an indicator of an imbalance favouring the formation
of ROS and leading to lipid damage. Cellular defense against ROS depends on non-
enzymatic antioxidants (i.e. GSH and vitamins) and protective enzymes, such as
superoxide dismutase (SOD) and catalase (CAT) (Halliwell, 2012). Notably, there is
evidence that many of these antioxidant defense mechanisms follow circadian rhythms in
various organisms and tissues (Kondratova and Kondratova, 2012). For instance,
circadian fluctuations of SOD have been observed in animal tissues and human blood
plasma (Hardeland et al., 2003). It has been suggested that circadian timing of these
protective enzymes is to compensate for times of increased ROS formation (Hardeland et
al., 2003). Therefore, it is conceivable that a disruption in the circadian expression of
antioxidant enzymes may result in a redox imbalance leading to increased formation of
oxidative molecules (i.e. MDA, TBARS) in BD patients with greater rhythm disruptions.
Future studies measuring a wider range of markers of oxidative stress at various time

points during the 24-hours are needed to investigate this hypothesis.

Sleep is a major component of circadian rhythm regulation and has been
hypothesized to neutralize ROS produced during the wake cycle (Brown and Naidoo,
2010). Recent animal studies indicate that sleep deprivation results in decreased
antioxidant enzymes and increased oxidative stress in certain brain areas such as the
hippocampus, thalamus and hypothalamus (Alzoubi et al., 2012). Lungato et al. (2013)
showed that CAT was reduced and total SOD activity was increased after sleep
deprivation in rats, suggesting that an imbalance of antioxidant enzymes occurs after

sleep disturbance. However, the levels of MDA were not associated with sleep
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deprivation in this latter study (Lungato et al., 2013). A recent study looking at the impact
of sleep on whole blood transcriptomes in humans, found that insufficient sleep resulted
in a decrease in the expression of a number of circadian rhythm genes (Mdller-Levet et al.,
2013). Interestingly, this study found that while certain circadian rhythm genes (PER?2,
PER3 and TIMELESS) were downregulated after sleep deprivation, some oxidative stress
genes (PRDX2 and PRDX5) were upregulated. Together these studies indicate that sleep
loss may lead to dysregulation of the circadian clock and increased oxidative stress
(Moller-Levet et al., 2013). Sleep disturbance/insomnia is one of the core symptoms of
BD, so it is possible that sleep disturbance may contribute to increased oxidative stress in
BD. Future studies should investigate this possibility.

We also observed that the number of psychotropic medications was positively
associated with lipid damage in BD patients. Based on this association it seems that
polypharmacy may have some influence on oxidative stress and this finding may be
particularly relevant in BD because it is well known that polypharmacy is the rule rather
than the exception in BD (Lin et al., 2006; Greil et al., 2012). However, we do not know
if this association is a direct effect of psychotropic agents on oxidative stress or a result of
greater illness severity or comorbid conditions (Correll et al., 2007). In addition, our
study cannot distinguish which medications individually impact lipid damage, since the
majority of patients included in the study are on more than one medication. There is
evidence suggesting that the mood stabilizers lithium and valproate exert neuroprotective
effects against increased oxidative stress in a rodent model in vivo (Frey et al., 2006).

Similarly, increased TBARS seen in untreated mania was significantly decreased after
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treatment with lithium, further corroborating lithium’s potential antioxidant effects
(Machado-Vieira et al., 2007). Several studies have also shown that treatment with
antidepressants can reverse the increased oxidative stress in individuals with major
depressive disorder (Behr et al., 2012). Furthermore, many of the antipsychotics used by
our study participants have been shown to have effects on different components of
antioxidant enzymes in animal studies (Parikh et al., 2003). Future studies are needed to
better discriminate the impact of individual and combination treatments on oxidative

stress in humans.

We also found that age was the only significant predictor of lipid damage (MDA
levels) in healthy controls, but not in BD subjects. This result is consistent with many
previous studies showing that lipid peroxidation increases with healthy aging (Di
Massimo et al., 2006; Voss and Siems, 2006). While studies of lipid peroxidation have
shown that aging resulted in an increase in TBARS levels in different species, the daily
rhythms of TBARS seem to be conserved across different age groups (Manikonda and
Jagota, 2012). Together, these studies suggest that, within normal healthy aging, the daily
rhythms of redox metabolism remains intact but there is an increase in the amount of lipid
peroxidation over time. We believe that we did not observe a correlation between MDA
levels and aging in the BD subgroup because the circadian disturbances and medication

effects overshadowed the effects of aging on lipid peroxidation.
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Limitations and Conclusions

To our knowledge, this is the first study to investigate the relationship between
circadian rhythm disruption and lipid peroxidation levels in individuals with BD. We
found that circadian rhythm disruption as measured by BRIAN has a negative impact on
MDA in females with BD. These results suggest an interaction between the circadian
system and redox metabolism in BD, in which a measure of daily rhythm disturbances
was indicative of increased lipid peroxidation in BD. One of the limitations of our study
is the lack of objective measures of circadian rhythm disturbances. Future studies should
employ the use of actigraphy or dim light melatonin onset to assess the impact of
objective measure of circadian rhythm and lipid peroxidation in BD. The finding of an
association between the number of psychiatric medications and increased levels of lipid
peroxidation in our BD sample deserves further investigation. It is notorious in the mood
disorders literature that medication effects are often difficult to evaluate/interpret, and are
potentially confounded by severity of symptoms, dosage and comorbid conditions
(Ranjekar et al., 2003). Future investigation on the impact of individual and combination
of medications on lipid peroxidation in BD are warranted. Finally, we also found that
lipid peroxidation levels seem to be influenced by different variables in BD compared to
healthy controls, where only age was a significant predictor. This study provides a basis
for further investigation of the links between oxidative stress and circadian rhythms in the

pathophysiology of BD.
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Figures

Figure 2: Correlations of lipid peroxidation in BD with: a) circadian rhythm disturbance
(rp=0.33, 95% CI [0.06, 0.56], p<0.05); b) number of psychotropic medications (rp=0.29,
95% CI[0.02, 0.52], p<0.05).

a) b)

=10 ) =10 i

Q@ . Q@ .
e * e I

Q © a ©

=) . g . =) T .

E _HE ' E i

E o) E o

= & .

< , <, e e

o B ¢

= = e .

. : H .
»1“’ ) 50 60 70 0 1 2 3 5 €
BRIAN Score Number of Psychotropic medications

Figure 3: Correlation of lipid peroxidation with age in a) controls (rp=0.40, 95% CI [0.05,
0.67], p<0.05); b) BD (rp=0.15, 95% CI [-0.12, 0.41], p=0.28)
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Tables

Table 3: Demographic and clinical data

Variable Bipolar Disorder Healthy Controls t-test, p-value
N=52 N=30

Mean + SD Mean + SD
Age, years 40.75 +12.48 3593 +£11.71 t(63.87)=1.75, p=0.08
BMI 29.33 £ 8.01 28.40 + 7.08 t(45.77)=0.49, p=0.63
BRIAN 49.81 +£9.39 26.90 +7.76 t(67.56)=11.12, p<0.01
MADRS 17.33+£11.04 1.53 +£1.81 t(55.67)=10.08, p<0.01
Time of Blood draw  12:07 + 2:08 12:01 +2:16 t(48.87)=0.11, p=0.91
Lipid damage 4.19+2.32 3.53+1.84 t(72.14)=1.42, p=0.16
(TBARS, pM
MDA/mg protein)
Duration of illness, 2598 £15.14 N/A
years
Lithium n=15 N/A
Mood stabilizers n=26 N/A
Antipsychotics n=27 N/A
Antidepressants n=31 N/A
Ancxiolytics n=25 N/A
Average # of 2.75+1.48 N/A
psychotropic
medications
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Table 4a: Predictors of lipid oxidative damage in BD subjects

Predictor Standardized Unstandardized | Standard | t-value | Pearson’sr
coefficients (B) | coefficients (B) | Error

Age 0.1029 0.0011 0.0015 0.494 0.15

MADRS -0.2347 -0.0028 0.0019 -1.288 | 0.08

BRIAN 0.4568* 0.0064* 0.0022 2.563 0.33*

# of 0.2799* 0.0249* 0.0121 2.099 0.29*

psychotropic

medications

Adj. R?=0.165; F=3.53; df=4,47; p<0.05

*p<0.05

Table 4b: Predictors of lipid oxidative damage in healthy controls

Predictor Standardized Unstandardized | Standard | t-value | Pearson’sr
coefficients (f) | coefficients (b) Error

Age 0.0044* 0.0018* 0.0018 2.499 0.40%*

BRIAN -0.0039 0.0027 0.0027 -1.464 | -0.21

Adj. R?=0.168; F=3.92; df=2,27; p<0.05

*p<0.05
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CHAPTER 4

General Discussion

In the present study, we aimed to investigate the impact of disrupted circadian
rhythms in BD. This was accomplished in two separate ways: by examining the
relationship with overall QOL, and by examining whether there is an association with the

oxidative stress system in BD patients.

The first research question (in Chapter 2) addressed whether self-reported
disruptions to circadian rhythms had an impact on QOL in a sample of depressed and
euthymic BD patients, while also accounting for depressive symptom severity, sleep
quality and sleep medication use. Analysis showed that sleep quality was not a significant
predictor when the model included depressive symptoms, circadian rhythms disturbance
and sleep medication. This suggests that components of daily rhythm other than sleep,
such as social rhythms, eating patterns and general activities, are important contributors to
QOL in BD. Many concepts included in QOL such as satisfaction with social
relationships, sleep, daily living activities and work, are under the influence of circadian
control in that they are generally experienced at certain times during a 24-hour cycle.
Thus, it is logical that disturbances in the daily rhythms of these components would result
in poorer subjective ratings of satisfaction in these areas. This has implications for the

importance of targeting regulation of daily routines for BD patients, as is done in IPSRT.

This study provides further support for the social rhythms theory, in that with

improved daily routines/social rhythms, there is an improvement in QOL. Clinical trials
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of olanzapine and quetiapine treatment for BD have shown a lag between when mood
symptoms are remitted and QOL is improved (Endicott, Paulsson, Gustafsson, Schioler,
& Hassan, 2008;Shi et al., 2002). Therefore, longitudinal research is necessary to further
elucidate how changes in circadian rhythms, as targeted by IPSRT or other
chronotherapeutics, impact QOL across mood symptom remission. Studying the temporal
relationship of circadian rhythm regulation and QOL will provide insight into this delay

between symptom recovery and subjective well-being improvement.

Results of the study in Chapter 3 showed that increased circadian rhythm
disturbance have a negative impact on lipid peroxidation levels in females with BD.
These results suggest an interaction between the circadian system and redox metabolism
in BD, in which a measure of daily rhythm disturbances was indicative of increased lipid
peroxidation. There are several implications for these results that necessitate future
studies. Longitudinal studies of the effects of therapies on circadian disturbance, while
also measuring oxidative stress markers are necessary to further explain the relationship
between these systems. An important next step is to determine the relationship between
oxidative stress measures and objective measures of circadian rhythms, such as DLMO

and actigraphy in BD as well as controls.

A recent study found that white matter integrity as measured by diffusor tensor
imaging (DTI) was correlated with lipid peroxidation in individuals with BD (Versace et
al., 2013). White matter integrity has been shown to be abnormal in BD (Emsell et al.,
2013), and damage to lipids may be a contributing factor due to the high lipid content of

myelin sheaths (Versace et al., 2013). As lipid peroxidation was associated with circadian
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rhythm disturbance, our study provides a basis for future investigation of impact of
circadian rhythm disturbance on white matter integrity in BD. Integrating neuroimaging,
peripheral markers of oxidative stress and measurements of circadian rhythms may

provide a better understanding of etiology and treatment targets of BD.

A limitation mentioned in Chapter 2 and 3, is that the BRIAN is a subjective
measure of circadian rhythm disruption. It was developed to provide a clinically
interpretable scale of circadian rhythm disturbance and was first validated in euthymic
BD and healthy controls (Giglio et al., 2009). The factors measured by the BRIAN are
taken as proxies of underlying biological rhythm disruptions in sleep-wake cycles,
temperature, melatonin and cortisol (Grandin et al., 2006). However, an important follow-
up is to determine the relationship of the BRIAN with gold standard objective measures
of biological rhythm. Considering a self-report measure such as the BRIAN was strongly
associated with both a subjective measure like QOL and a biological marker of oxidative

stress in BD, it is highly likely that objective measures will corroborate our results.

Conclusions

The main objective of this thesis was to examine the impact that circadian rhythm
disturbance has on BD. The results presented above provide evidence that self-reported
circadian rhythm disruption is independently associated with QOL in BD patients,
regardless of depression severity. This suggests that addressing circadian disturbances
may improve QOL in these individuals. We also examined the relationship between the

self-reported circadian disturbance and redox metabolism and found that disturbances was
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indicative of increased lipid peroxidation in BD. Elucidating the links between the
circadian system and oxidative stress may clarify how these two processes are disrupted
in BD and investigation of the neural networks impacted is an important future direction.
To conclude, the results presented provide evidence that circadian rhythms are disturbed
in BD patients, and have a widespread impact on two separate aspects of BD: overall
personal accounts of well-being and a biological marker of oxidative stress. These novel
findings contribute to the mounting evidence indicating circadian rhythm disturbance as a

core feature of BD, and an important target for treatment.
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