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Lay Abstract

Sleep and biological rhythms are often disrupted in individuals with depression and
bipolar disorder. In this thesis, we aimed to compare sleep and biological rthythms in
individuals with depression or bipolar disorder, against individuals without these
disorders. We investigated whether sleep and biological rhythms contribute to functioning
and quality of life in these individuals. As sleep and biological rhythms are disrupted in
pregnancy and following childbirth, we assessed whether sleep and biological rhythms
during pregnancy can be used to predict postpartum depression and anxiety severity.
Finally, we investigated changes in sleep, biological rhythms and light exposure from
pregnancy to postpartum. Results indicate that disruptions in sleep, biological rhythms,
and changes in light exposure are widespread in mood disorders. These disruptions are
linked to worse quality of life and functioning. Sleep and biological rhythms change from
pregnancy to postpartum, and can be used to predict severity of postpartum depression

and anxiety.
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Abstract

Introduction:

In Major Depressive (MDD) and Bipolar Disorders (BD), there are well-
documented changes in sleep and biological rhythms. However, how sleep and biological
rhythm disruptions impact functioning and quality of life (QOL) in these populations, and
how these disruptions affect perinatal mood and anxiety remains little-known. In this
thesis, we aimed to compare sleep and biological rhythms in individuals with and without
mood disorders, and to investigate whether these measures can account for worsened
functional impairment and QOL in these populations. We investigated whether clinical
variables combined with sleep and biological rhythms during pregnancy can be used to
predict depressive and anxiety symptom severity postpartum. Finally, we investigated
longitudinal changes in sleep, and biological rhythms over the perinatal period.

Results:

Subjective and objective sleep and biological rhythm disruptions, and light
exposure differences are wide-spread in MDD and BD. Regression analyses showed that
subjective and objective sleep and biological rhythm disruptions can explain 43% of
variance in QOL scores, and 52% of variance in functional impairment in MDD, BD and
healthy controls.

Clinical and demographic variables, objective and subjective sleep and biological
rhythm measures collected during pregnancy accounted for 50% of postpartum
depression and 49% of postpartum anxiety symptom severity variance, in regression
analyses. Numerous sleep and biological rhythm changes occurred across multiple

domains from pregnancy to postpartum.
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Conclusion:

Results suggest that sleep and biological rhythm disruptions occur across many
domains in mood disorders, including sleep, light exposure, daily activity rhythms and
melatonin. These disruptions are associated with worse QOL and functioning in BD,
MDD and healthy controls. Biological rhythms and sleep changes across the perinatal
period can be used to predict severity of postpartum depressive and anxiety symptoms.
This work highlights the importance of sleep and biological rhythms as intervention

targets across different outcomes, and across different mood diagnoses.

Key words: biological rhythms, actigraphy, postpartum depression, postpartum anxiety,

mood disorders
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Chapter 1: Introduction

1.1 General Introduction

Disruptions in sleep and biological rthythms are present across many disorders,
particularly in mental illness and disorders of the brain. In mood and anxiety disorders,
disruptions in sleep and biological rhythms offer a potential transdiagnostic factor that
can be addressed through targeted treatment through numerous approaches, like
pharmacotherapies, psychotherapies, and light-based therapies. In spite of the potential of
sleep and biological rhythm disruptions as biomarkers of mood and anxiety disorders, the
pathophysiology of sleep and circadian systems within these disorders remains elusive.

The aims of the work detailed below were to (1) comprehensively characterize
sleep and biological rhythm disruptions in adults with mood disorders, compared to their
counterparts without mood disorders and (2) investigate the impact of these disruptions
on the broad domains of quality of life and functioning in Chapter 2. Next, we (3)
describe biological rhythm and sleep disruptions in women during pregnancy, and assess
how these impact depressive symptoms (Chapter 3) and (4) anxiety symptoms (Chapter
4) in a longitudinal study during the postpartum period in Canadian women. Finally, in
Chapter 5, we prospectively describe changes in sleep, biological rhythms and light
exposure from pregnancy to two timepoints in the postpartum period in Canadian women.

Findings from this work highlight the potential of using light-based therapies and

other strategies targeting sleep and biological rhythms to improve multiple domains of
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well-being and symptom severity in adults with mood disorders, and women during the

perinatal period at risk for perinatal mood and anxiety disorders.

1.2 Major Depressive and Bipolar Disorders, Functioning and Quality of Life
Mood disorders, such as Major Depressive Disorder (MDD) and Bipolar Disorder
(BD) are characterized by severe episodes of mood disturbance (American Psychiatric
Association, 2013), and are associated with significant disability and functional
impairment (Ratnaasingham et al., 2013). MDD is characterized by depressive episodes
of at least 2 weeks, which are marked by depressed mood or decreased interest in pleasure
occurring nearly every day. To be classified as depressive episodes, these periods must be
accompanied by 5 of 9 symptoms, including depressed mood and reduced interest,
somatic changes (e.g. loss/gain of appetite, sleep changes, changes in psychomotor
agitation or slowing), cognitive changes (feelings of worthlessness/guilt, loss of energy or
fatigue, inability to concentrate), and suicidality (American Psychiatric Association,
2013). Inturn, BD type I disorder is characterized by presence of at least one manic
episode, which lasts at least 1 week, or is severe enough to require hospitalization. During
this episode, mood must be abnormally elevated, irritated, or expansive, accompanied by
activation, that is, increased energy or activity. In addition to mood and activity/energy
changes, individuals may experience a reduced need for sleep, increased self-
esteem/grandiosity, racing thoughts, distractibility, talkativeness, higher goal-directed
activity, and excessive risk-taking. Individuals with BD I may also experience depressive

episodes, or hypomanic episodes. Hypomanic episodes consist of at least 4 days of
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elevated, irritated or expansive mood, in addition to increased energy/activity, and the
criteria described above (American Psychiatric Association, 2013). To be diagnosed with
BD type II disorder, an individual must have experienced at least one hypomanic episode
and at least one depressive episode, but not a full manic episode (American Psychiatric
Association, 2013). Mood episodes must be accompanied by clinically significant distress
or impairment, in social and/or occupational domains (American Psychiatric Association,

2013).

1.2.1 Epidemiology of Major Depressive and Bipolar Disorders

In Canada, MDD has a lifetime prevalence of 11.2%, according to the most recent
Canadian Community Health Survey — Mental Health. Importantly, females are 1.8x
more likely to experience MDD than males (Knoll & MacLennan, 2017), consistent with
estimates of sex differences in MDD around the globe (Levinson, Ono, Posada-Villa, &
Seedat, 2009). Females with MDD also experience longer episode duration (Eaton et al.,
2008). In Canada, BD type I and II rates are 0.87% and 0.57%, respectively (McDonald et
al., 2015). Though there are no sex differences in the prevalence of BD type I, there are
several notable differences in the presentation of the disorder. BD type II has higher
prevalence among women (Arnold, 2003). Additionally, a large proportion of women
with BD report mood worsening during reproductive life events, such as the postpartum
period, during the premenstrual period, and during perimenopause (Payne et al., 2007,

Perich et al., 2017). Finally, women with BD more frequently present with mixed mania
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episodes, rapid cycling, and depressive episodes, compared to men (Arnold, 2003;
Christensen et al., 2003; Erol et al., 2015; Tondo & Baldessarini, 1998).

Age of onset for BD I disorder is approximately 18 years (American Psychiatric
Association, 2013), while onset of BD II and MDD peaks in the 20s (American
Psychiatric Association, 2013). Due to the early age of onset for these disorders, people
with these disorders live with long periods of functional impairment (Ratnaasingham et
al., 2013). Importantly, these disorders often span the period of reproductive life events

like pregnancy and postpartum, and child-rearing years.

1.2.2 Functioning and Quality of Life in Major Depressive and Bipolar Disorders

Functioning is a complex concept that describes an individual’s ability to conduct
daily tasks, meaningfully engage in leisure and interpersonal relationships on a daily
basis, cognitive and occupational functioning, capacity for autonomy and managing one’s
finances (Rosa et al., 2007). In turn, Quality of Life (QOL) accounts for an individual’s
understanding of their life in context of their environment and expectations, across broad
domains of physical health, psychological, social well-being, and their environment (The
WHOQOL Group, 1998). These two constructs are therefore important to understanding
the disability, dysfunction and overall enjoyment of individuals affected by mood
disorders.

Individuals with BD experience worse QOL and higher functional impairment,
not only throughout the duration of mood episodes, but also during euthymia, compared

to counterparts without BD (Martin-Subero et al., 2014; Pascual-Sanchez, Jenaro, &
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Montes-Rodriguez, 2019). Symptom severity, particularly irritability and depressive
symptoms, is linked to worse QOL and functional impairment in BD (Sylvia et al., 2017).
Consequently, QOL and functioning tend to be at their lowest during depressive episodes,
followed by mania, and euthymia (Martin-Subero et al., 2014; Rosa et al., 2010).

In MDD, functional impairment rates are high, with as many as 97% of individuals
with MDD reporting some functional impairment, and with 60% reporting severe or very
severe functional impairment (Kessler et al., 2003). Improvement in symptoms of MDD,
however, does not necessarily achieve or indicate improvement in functioning, and
functional impairment is a frequent residual symptom (Sheehan, Nakagome, Asami,
Pappadopulos, & Boucher, 2017). Moreover, few individuals with current depression
experience normal-range QOL (IsHak et al., 2015). According to a meta-analysis, QOL
improves with psychological and pharmacological treatment of MDD (Hofmann, Curtiss,
Carpenter, & Kind, 2017). However, symptomatic remission may not be indicative of
return of QOL to its normal range (IsHak et al., 2015).

Considering the prevalence of functional impairment, and worsened quality of life
in mood disorders, particularly as they extend beyond mood episodes, it is important to
evaluate contributing factors, in order to develop targeted interventions to improve
within-episode and between-episode functioning and quality of life in individuals with

mood disorders.
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1.3 Mood Disorders During the Postpartum Period

1.3.1 Definitions, Prevalence

The postpartum period is often defined as the 1st year following childbirth (Goyal,
Gay, Torres, & Lee, 2018). The perinatal period, including pregnancy and postpartum, is
a vulnerable period for women to develop mental illnesses: results from epidemiological
research have indicated that depression and anxiety during the perinatal period are
common (Dennis, Falah-Hassani, & Shiri, 2017; Gavin et al., 2005). Identifying these
disorders prior to or early in their onset is important, as they impact mothers and their
families well beyond the postpartum period.

In the Diagnostic and Statistical Manual of Mental Disorders (DSM)- 5, a
diagnosis of peripartum depression is specified by the occurrence of a major depressive
episode during pregnancy or within the first 4 weeks postpartum (American Psychiatric
Association, 2013). However, this timeframe has been challenged, with numerous studies
showing onset of postpartum depression (PPD) during later months in the postpartum
period. A previous meta-regression has found that 2-3 months postpartum has the highest
point prevalence of PPD, as compared to 4-12 months postpartum (Gavin et al., 2005).

As diagnostic criteria for PPD are equivalent to those for a major depressive
episode with a different onset time, it may be difficult to discriminate between common
pregnancy symptoms and depressive symptoms. For instance, changes in appetite,
sleeping patterns and fatigue are expected during the perinatal period (Lee et al., 2007).
This has led to development of tools such as the Edinburgh Postnatal Depression Scale

(EPDS), which does not assess appetite changes, fatigue and other somatic complaints in
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order to improve specificity of screening for depression during this time (D. Murray &
Cox, 1990). It should be noted that during the perinatal period, women who report higher
depressive symptoms according to the EPDS also report more somatic complaints (Apter
etal., 2013).

Postpartum depression affects 7-13% of women (Gavin et al., 2005). By another
estimate, postpartum depression affects 9-10% of women in high-income countries and
18-20% of women in low and middle-income countries (Woody, Ferrari, Siskind,
Whiteford, & Harris, 2017). Interestingly, during 1-3 weeks postpartum, 15-84% of
women report postpartum blues — a transient disorder, marked by emotional lability,
confusion, irritability, tearfulness, and mild elation. Postpartum blues appear to be a risk

factor for developing PPD (Henshaw, 2003).

1.3.2 Outcomes Related to Postpartum Depression

Postpartum depression has been linked to a number of adverse effects on the well-
being of mothers and their families. First, women with PPD consult more with general
practitioners, and have worse QOL than their counterparts, have more relationship
difficulties, and have lower social functioning (Weissman, 2018). PPD is linked to risk of
difficulties in emotion regulation, social behaviour, internalizing disorders in children of
mothers with PPD (Reviewed in (Stein et al., 2014)). Moreover, PPD is linked to
depression in adolescence (Stein et al., 2014), as well as severity of attention deficit
hyperactivity disorder and insecure attachment (Stein et al., 2014). Finally, PPD has been

linked to deficits in cognitive outcomes in childhood, for instance, language development,
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cognitive development, and exam achievement (Stein et al., 2014). A recent study found
that children’s total grey matter volume and fractional anisotropy at 10 years of age
decreased in proportion to their mothers’ PPD symptoms, though this was not true for
antenatal depressive symptoms, or mothers’ depressive symptoms during childhood (Zou

etal., 2019).

1.3.3 Risk Factors for Postpartum Depression

A number of risk factors have been previously established for developing PPD.
Psychosocial risk factors for PPD as assessed during pregnancy include demographics,
such as lower income (Hutchens & Kearney, 2020) and older age (Silverman et al., 2017).
Poor quality of social support, including lack of partner support, is linked to risk of PPD,
as is intimate partner violence or interpersonal violence, and presence of chronic or life
stress (Beck, 1996; Pilkington, Milne, Cairns, Lewis, & Whelan, 2015; Yim, Tanner
Stapleton, Guardino, Hahn-Holbrook, & Dunkel Schetter, 2015). Other maternal
characteristics that constitute risk for PPD include child care stress, less secure maternal
attachment, infant temperament, whether the pregnancy was unplanned or unwanted, low
self-esteem, negative attributional style, difficulties during pregnancy or birth, and
neuroticism (Beck, 1996; Hutchens & Kearney, 2020; Yim et al., 2015). Gestational
diabetes is also associated with PPD risk (Azami, Badfar, Solemani, & Rahmati, 2019;
Silverman et al., 2017).

There are several known clinical risk factors for PPD, including having prenatal

anxiety and depression, having a history of depression overall, and substance use
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disorders (Beck, 1996; Hutchens & Kearney, 2020; Yim et al., 2015). Moreover,
postpartum blues constitute risk for later PPD (Hutchens & Kearney, 2020). Women with
BD experience a high rate of depressive, manic and mixed episode recurrence during the
postpartum period. (Di Florio et al., 2013). According to a population-based study,
psychosocial risk factors for PPD differ according to whether women have a history of
depression. In women who have been previously depressed, pre-gestational diabetes and
mild preterm delivery increase the risk of PPD. In women without a lifetime history of
depression, young age, C-sections, instruments used during delivery and moderate
preterm delivery was linked to PPD (Silverman et al., 2017).

A number of biological risk factors for PPD have been previously investigated,
including sleep disturbances, changes in hypothalamic-pituitary adrenal axis
dysregulation, increased inflammation, and genetic risk factors (Hutchens & Kearney,
2020; Yim et al., 2015). Throughout late pregnancy, corticotropin-releasing hormone
levels increase. Higher rise of this hormone during the 2" and 3 trimester of pregnancy
has been linked to PPD symptoms (Yim et al., 2015). Levels of C-reactive protein, a
systemic inflammation marker, during the 2" postnatal day was not a predictor of
postpartum PPD risk in a large (n=1,053) study (Albacar et al., 2010). Some findings
from genetic studies have suggested that polymorphisms in candidate genes, including
polymorphisms in catechol-O-methyltranferase, and monoamine oxidase-A (MAO-A), as
well as polymorphisms in the estrogen receptor, corticotropin-releasing hormone receptor
1, the glucocorticoid receptor, and the oxytocin peptide may be linked to PPD risk.

Additionally, some studies have reported that PPD may be linked to heightened
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sensitivity to epigenetic modifications in genes related to estrogen signaling pathways
(Yim et al., 2015). A recent population-based study found that polygenic risk scores
associated with MDD, but not BD or schizophrenia was linked to higher risk of
postpartum psychiatric disorders (Bauer et al., 2019).

Finally, the changes in reproductive hormones associated with the perinatal period
have been extensively investigated in PPD. Absolute levels of estradiol or progestins do
not seem to be the causal factor, and there are few lines of evidence pointing to hormone
withdrawal as the causal factor for PPD (Yim et al., 2015). Recent findings have linked
reduced levels of allopregnanolone during the 2" trimester to higher risk of PPD, with
every addition of 1 ng/mL a 63% decrease in risk of PPD. Allopregnanolone is a
progesterone metabolite that is thought to be linked to the psychoactive properties of
progesterone (Osborne et al., 2017). Some evidence also exists for low oxytocin levels in
pregnancy as a predictor of PPD symptoms at 2 weeks postpartum (Yim et al., 2015).

While promising, findings from biological studies of risk factors of PPD have yet
to yield a reliable predictor of PPD. Additionally, many studies have only investigated
one potential biological marker, and have not consistently integrated their findings with
known psychosocial risk factors. Integrating psychosocial and biological risk factors
within research studies may lead to clarification of the processes that lead to development

of this disorder (Yim et al., 2015).
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1.4 Anxiety During the Postpartum Period

1.4.1 Anxiety Disorders

Anxiety disorders encompass a category of mental illness characterized by
excessive anxiety in response to a future threat and worry in response to real or perceived
threats (American Psychiatric Association, 2013). These disorders are characterized by
excessive and persistent responses and can be differentiated from each other by the
situations to which these cognitions and behaviours occur in response. Some of the most
common anxiety disorders are: (1) Panic Disorder, characterized by unexpected and
intense, recurrent panic attacks, where individuals experience acute physical and
cognitive symptoms, and persistent worry about experiencing another attack. (2)
Agoraphobia, a disorder where individuals have anxiety symptoms related to situations
where escape or getting help might be difficult, such as in an open space, standing in a
crowd, being away from home alone. (3) Social anxiety disorder, which is characterized
by worry and anxiety that occur in the context of social and performance situations, with
possible critical observation from other people. (4) Generalized Anxiety Disorder (GAD),
which has the highest prevalence of any anxiety disorder, and is characterized by
excessive worry and anxiety in response to a broad range of events (American Psychiatric
Association, 2013). Two other common disorders closely related to anxiety — obsessive-
compulsive disorder (OCD) and post-traumatic stress disorder (PTSD) — were previously
described as anxiety disorders, but have now been categorized as obsessive-compulsive
and related disorders and trauma- and stressor-related disorders, respectively. OCD is

characterized by the presence of repeated and intrusive obsessions and compulsions.
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Obsessions are cognitions, such as thoughts or images which are intrusive and distressing,
while compulsions are behaviours or mental behaviours that an individual feels
compelled to repeat as a reaction to the compulsion, and/or with rigid rules, in order to
ameliorate the anxiety response. PTSD occurs following exposure to a serious trauma
(death, serious injury, sexual violence), and is characterized by intrusive symptoms (e.g.
distressing memories, reactions or dreams), avoidance of related memories or reminders,
changes in mood and cognition related to the event, and changes in behaviour and arousal
following the event. Anxiety and related disorders are differentiated from non-
pathological conditions by the degree of mental distress and impairment in psychosocial

functioning (American Psychiatric Association, 2013).

1.4.2 Postpartum Anxiety

During the postpartum period, anxiety is common, and is a strong contributor to
postpartum distress. To date, less attention in clinical and research settings has been
devoted to postpartum anxiety (PPA), compared to depression during this period (Miller,
Pallant, & Negri, 2006). Unlike depression during this period, peripartum onset of anxiety
is not acknowledged in the DSM-5 (American Psychiatric Association, 2013). It is
important to understand the etiology of these disorders, their risk factors and prognosis, in
order to identify and implement preventive and early treatment strategies.

A previous meta-analysis by Dennis and colleagues identified the prevalence of
self-reported postpartum anxiety to be 18% at 1-4 weeks postpartum, 15% at 5-12 weeks

postpartum, 15% at 1-24 weeks postpartum, and 15% at >24 weeks postpartum. In turn,
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criteria for a clinical diagnosis of an anxiety disorder was met by 9.6% of women at 5-12
weeks postpartum, 9.9% at 1-24 weeks postpartum, and 9.3% at >24 weeks postpartum
(Dennis et al., 2017). Postpartum anxiety was more common among low and middle-
income countries, compared to high-income countries (Dennis et al., 2017).

In terms of specific anxiety disorders, GAD was found in 6.7% of women at 5-12
weeks postpartum, 5.7% at 1-24 weeks postpartum, and 4.2% at >24 weeks postpartum
(Dennis et al., 2017). Interestingly, according to meta-analytic findings, women are at
higher risk for OCD during the perinatal period than in the general population.
Postpartum OCD prevalence in this study is 2.4% in postpartum women and 2.03% in
pregnant women (Russell, Fawcett, & Mazmanian, 2013). Postpartum PTSD prevalence
is approximately 1.8 - 3.1% (Goodman, Watson, & Stubbs, 2016; Grekin & O'Hara,
2014), prevalence of agoraphobia is 0.68%, social anxiety disorder is 1.28%, panic
disorder is 1.7%, and any anxiety disorder is 8.6% (Goodman et al., 2016).

According to a meta-analysis, PPA linked to self-confidence issues, changes in
stress response and worsened body acceptance in mothers (Goodman et al., 2016). PPA
has also been linked to excessive crying in infants (Petzoldt et al., 2014), worse maternal
self-confidence (Reck, Noe, Gerstenlauer, & Stehle, 2012), worse engagement of mothers
and infants (Murray, Cooper, Creswell, Schofield, & Sack, 2007). There have been few
longitudinal investigations of the outcomes of children of mothers with PPA (Goodman et

al., 2016).
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1.4.3 Risk Factors for Postpartum Anxiety

Investigations of risk factors for perinatal anxiety have been relatively few in
number. According to a meta-analysis by Furtado and colleagues, there are a number of
risk factors for anxiety worsening and new onset anxiety that have been established by
multiple studies in the perinatal period. For anxiety worsening, these factors include
having a comorbid psychiatric disorder, and possibly, maternal age. For new onset
anxiety during pregnancy and the postpartum period, having lower levels of education,
cohabitating with members of extended family, hyperemesis gravidarum, having a history
of sleep disorders or a family history of mental illness were all deemed risks for
developing perinatal anxiety. Administration of prenatal oxytocin was linked to both
perinatal anxiety worsening and onset (Furtado, Chow, Owais, Frey, & Van Lieshout,
2018). In a population-based study, anxiety symptoms at 8 weeks postpartum were
predicted by multiparity, history of psychiatric disorders, perceived stress, and stress
related to care of children (Dennis, Falah-Hassani, Brown, & Vigod, 2016). Overall, few
risk factors have been investigated for PPA, particularly in the domain of biological
markers. In a longitudinal investigation, Furtado and colleagues found that intolerance of
uncertainty, depressive symptoms and OCD symptoms during the 3™ trimester of
pregnancy were predictors of PPA worsening. However, inflammatory markers measured
in the 3" trimester of pregnancy, including C-reactive protein, interleukin-6 and tumor
necrosis factor-o were not significant predictors of PPA worsening (Furtado, Van

Lieshout, Van Ameringen, Green, & Frey, 2019).
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1.4.4 Comorbid Postpartum Mood and Anxiety

Depression and anxiety are often comorbid during the perinatal period. A prior
population-based study found that 35% of women with anxiety during postpartum report
depressive symptoms as well (Farr, Dietz, O'Hara, Burley, & Ko, 2014). Another study
found that nearly 40% of women with postpartum depression had a comorbid anxiety
disorder diagnosis (Austin et al., 2010). In a meta-analysis, Falah-Hassani and colleagues
found that 9.5% of women report both symptoms of depression and anxiety in the
postpartum period pregnancy, and 8.2% postpartum (Falah-Hassani, Shiri, & Dennis,
2017). Women with both disorders have a more complex clinical presentation, including
worsened symptom severity, and worse outcomes than women with only a history of one
of the disorders (Feldman et al., 2009). Furthermore, in the general population,
individuals with comorbid depression and anxiety have worse functioning (Adams,
Balbuena, Meng, & Asmundson, 2016), are at higher risk for suicide attempts (Sareen et
al., 2005).

In a Canadian sample, Dennis and colleagues found that risk factors for comorbid
anxiety and depression during the first 24 weeks postpartum include having a history of
depression, having a history of postpartum depression, age of <26 years, having worse
perceived support, as well as fatigue, stress related to acculturation, and impression that

the infant is experiencing sleep problems (Dennis et al., 2018).
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1.5 Sleep and Biological Rhythms in Mood and Anxiety

1.5.1 Sleep and Biological Rhythms: An Introduction

Two major processes are thought to be involved in the generation and timing of
the sleep-wake cycle: (1) a homeostatic sleep process, where pressure to sleep builds over
time, and is released once sleep is obtained; and (2) a circadian oscillator, with a natural
oscillation period, which is entrained to the environmental light-dark cycle to a period of
approximately 24 hours (Achermann & Borbély, 2003; Borbély & Achermann, 1999).
The entrainment of the circadian oscillator by the light-dark cycle and other zeitgebers
(time-keeping environmental signals) is centrally regulated by the circadian pacemaker in
the suprachiasmatic nucleus (SCN) of the hypothalamus. The SCN in essence ensures the
timing of wakefulness to occur during the day and sleep during the night, where this
rhythm interacts with the homeostatic component of sleep (Skeldon, Derks, & Dijk,
2016). Input to the SCN comes directly from the retina, including a specialized type of
photosensitive retinal ganglion cell -- the intrinsically photoreceptive retinal ganglion cell
-- characterized by presence of a photoreceptor pigment called melanopsin, via the
retinohypothalamic tract (Zaki et al., 2018). The SCN also receives indirect input from
the retina through the geniculohypothalamic tract and the intergeniculate leaflet, as well
as serotonergic inputs from the raphe nuclei, among others (Rosenwasser, 2009).

The SCN projects to a number of brain regions, such as other hypothalamic
nuclei, the preoptic area, basal forebrain and the thalamus (Rosenwasser, 2009).
Importantly, the SCN projects to the pineal gland, where it regulates the secretion of

melatonin. Melatonin secretion begins 2 to 3 hours prior to sleep onset, with maximum
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secretion occurring at 3:00-4:00 in the morning. During the day, melatonin secretion
remains low (Claustrat, Brun, & Chazot, 2005; Molina & Burgess, 2011). Melatonin can
cross the blood-brain barrier and can access all tissues within the body. Urinary 6-
sulfatoxymelatonin is the primary metabolite of melatonin in urine, and parallels
melatonin patterns within the plasma. Exposure to light suppresses the production of
melatonin, particularly at high light intensities (Claustrat et al., 2005). It is theorized that
the main function of melatonin is to communicate the information of illuminance to the
rest of the body, thereby synchronizing biological rhythms such as cortisol, body
temperature, sleep-wake and activity rhythms (Claustrat et al., 2005).

The SCN drives the synchronicity of circadian rhythms within the body. It is
thought that most cells in the body have endogenous rhythms, driven by the activity of
clock genes within each cell. There is a complex network of clock genes which
coordinates rhythmicity, regulated by several transcription translation feedback loops,
which communicate environmental time to regulate biological rhythm activity (Geoffroy,
2018). The major transcription translation feedback loop consists of CLOCK and
BMALI, which are transcription factors that regulate the clock genes PERIOD (PER) and
CRYPTOCHROME (CRY) expression, which feed back on to CLOCK and BMALL to
control their own expression by entering the nucleus as a complex and impeding
transcription by CLOCK and BMAL1 (Jagannath, Peirson, & Foster, 2013).

The broad concept of biological rhythms encompasses variations in behavioural

and physiological processes. Biological rhythms with a period of approximately 24 hours
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are referred to as circadian rhythms, whereas those that are longer or shorter than 24

hours are termed infradian and ultradian rhythms, respectively.

1.5.2 Sleep and Biological Rhythms in Mood Disorders

1.5.2.1 Subjective Sleep and Rhythms in Mood Disorders

Biological rhythms and sleep disruptions are common in mood disorders. Criteria
for depressive and [hypo]manic episodes include sleep disruptions (American Psychiatric
Association, 2013), and sleep disturbances are very common prodromes for manic and
depressive episodes (Jackson, Cavanagh, & Scott, 2003; Van Meter, Burke, Youngstrom,
Faedda, & Correll, 2016). Evidence suggests that subjective sleep disturbances in BD
persist into euthymia, and are associated with worse functioning and QOL (De la Fuente-
Tomas et al., 2018). Sleep disturbances also often persist into remission among
individuals with MDD, and are linked to worse QOL (Li, Lam, Chan, Yu, & Wing,
2012). In a small (n=40) sample of individuals receiving treatment for MDD and healthy
controls, those experiencing worse sleep according to a sleep log were more likely to
report poor QOL. Individuals with MDD were more likely to report worse sleep quality
and worse QOL, even though their sleep patterns were similar to healthy individuals,
indicating possibility of worsened interpretation of sleep quality in individuals with MDD
(Mayers, van Hooff, & Baldwin, 2003).

A number of previous studies have shown evidence of subjective biological
rhythm disruption in BD and MDD. Duarte Faria and colleagues showed that young

adults with current MDD, and current or euthymic BD had worse biological disruption

18



Ph.D. Thesis — A. Slyepchenko; McMaster University — Neuroscience.

than the control group (Duarte Faria et al., 2015). Importantly, in BD, depressive
symptom severity (Pinho et al., 2016), worsened functioning (Giglio, Magalhaes,
Kapczinski, Walz, & Kapczinski, 2010; Pinho et al., 2016), and worsened QOL (Cudney,
Frey, Streiner, Minuzzi, & Sassi, 2016) have been linked to subjective disturbances in
biological rhythms. Another study found evening chronotype to be linked to worse QOL
in individuals with BD in remission (Ng, Chung, Lee, Yeung, & Ho, 2016). Additionally,
biological rhythm disturbances have been linked to higher lipid peroxidation in women
with BD, but not the control group (Cudney et al., 2014).

Overall, these studies provide strong evidence that biological rhythms disruptions

beyond sleep impact the well-being of individuals with mood disorders.

1.5.2.2 Polysomnographic Studies in Mood Disorders

Polysomnography (PSG) involves recordings of brain activity via an
electroencephalogram (EEG), muscle activity via electromyography, and eye movements
via electrooculography. PSG provides information regarding (1) sleep continuity, which
refers to variables such as total sleep time (TST), sleep onset latency (SOL), sleep
efficiency (SE), number of awakenings, and wake after sleep onset (WASO); and (2)
sleep architecture, which refers to different sleep stages, including wake stages, rapid eye
movement (REM) sleep and non-REM sleep (including stage 1, stage 2, slow wave sleep
(SWS)). Non-REM and SWS are assessed as percentages of time spent in these stages

during the night.
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A prior meta-analysis of PSG found that compared a control group, individuals
with MDD have worse sleep efficiency, increased REM sleep and density; shorter sleep
periods, shorter latency to REM, and shorter SWS periods. In remission, sleep efficiency
and REM latency were longer than during major depressive episodes, and SWS was
shorter during remission (Pillai, Kalmbach, & Ciesla, 2011). A more recent meta-analysis
of PSG studies in MDD found worsened sleep continuity, reduced sleep depth and higher
REM pressure in this population, though no changes in SWS were found. Sleep
continuity, depth and REM pressure differed from controls in males with MDD, but only
sleep continuity was disturbed in females (Baglioni et al., 2016).

Fewer studies have investigated PSG characteristics of BD. A prior study
described REM density is higher in euthymic BD compared to controls without bipolar
disorder (Eidelman, Talbot, Gruber, Hairston, & Harvey, 2010). Individuals with
hypomania have lower sleep efficiency, longer SOL, higher % of stage 1 and 2 sleep,
lower stage 3 and 4 sleep, shorter REM latency and higher apnea index compared to
healthy controls (Asaad, Sabry, Rabie, & El-Rassas, 2016). Mania is marked by
decreased need for sleep in most individuals, longer SOL, as well as higher REM
pressure. Depressive episodes, as in unipolar depression, are marked by insomnia or
hypersomnia in most individuals, with longer SOL and higher sleep pressure (Harvey,
Talbot, & Gershon, 2009). Overall, PSG studies have been limited by a lack of
ecological validity, burden to participants, and their higher cost (Ancoli-Israel et al.,
2003; Buysse, Ancoli-Israel, Edinger, Lichstein, & Morin, 2006; Miller, Kyle, Melehan,

& Bartlett, 2015).
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1.5.2.3 Melatonin in Mood Disorders

Melatonin provides a reliable marker of the endogenous SCN rhythm (Claustrat et
al., 2005). Melatonin profiles can be collected using several methods. Salivary sampling
requires samples to be acquired every 30-60 minutes throughout a period that
encompasses 1 hour before the rise in melatonin levels, and throughout this process.
Salivary sampling requires individuals to avoid contamination of the samples by food,
blood, food dye, and requires participants to be exposed to <30 lux of light throughout
sample collection. A period of fasting for ~ 5 hours under dim light conditions is
therefore necessary to avoid sample contamination. Melatonin can be also assessed
through measurements in plasma, indicating the necessity of blood sampling every 20-30
minutes via intravenous catheter for optimal results from afternoon to overnight. The
melatonin profile can also be assessed by analyzing levels of 6-sulfatoxymelatonin, its
primary metabolite, excreted in urine. Overnight melatonin secretion can be calculated by
controlling for creatinine in the first morning urine void, thereby not requiring sleep
disruption or low light conditions (Molina & Burgess, 2011).

Prior studies have indicated changes in melatonin secretion in individuals with
mood disorders since as early as 1979 (Mendlewicz et al., 1979). Findings regarding the
relationship between melatonin levels and mood disorders have been heterogenous. Prior
evidence has indicated that daytime melatonin levels during manic episodes are higher
than in controls and in individuals with bipolar depression (Novakova, Prasko, Latalova,
Sladek, & Sumova, 2015). Another investigation indicated later circadian phase, and

lower melatonin secretion in the evening in individuals with BD (Melo, Abreu, Linhares
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Neto, de Bruin, & de Bruin, 2017). One study found higher area under curve in salivary
melatonin secretion in MDD compared to BD, and earlier melatonin secretion (Robillard
et al., 2013).Yet another study found that levels of melatonin in cerebrospinal fluid during
the morning are lower in individuals with BD, but not in MDD; and levels of serum
melatonin were lower in MDD but not BD (Bumb et al., 2016).

In MDD, some investigations have found higher (Rubin, Heist, McGeoy, Hanada,
& Lesser, 1992) or lower serum melatonin levels overnight, with higher levels of
melatonin in the morning (Khaleghipour et al., 2012). Another study attributed
differences in melatonin secretion between individuals with major depressive episodes
and controls to a phase delay, where the peak melatonin secretion overnight occurred later

for those with depression (Crasson et al., 2004).

1.5.2.4 Actigraphy in Mood Disorders

Actigraphy has been increasingly used to assess daily activity rhythms and sleep
patterns in research settings, as it offers the advantage of ambulatory monitoring for
extended periods of time. Methods of analysis of actigraphy data continue to be refined,
with recent investigations using complex modeling of actigraphy data to, for instance,
evaluate the probabilities of activity and rest state transitions, in addition to analysis of
sleep, activity and daily activity rhythms (Ortiz, Bradler, Radu, Alda, & Rusak, 2016).

Prior investigations of actigraphy in BD have reported higher variability in daily
activity rhythms, lower amplitude and changes in mean activity in this population.

Biological rhythm disruptions are common to bipolar depression, indicated by lower
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mean activity, higher variability of daily activity rhythms, and a shift to a later circadian
phase (Melo et al., 2017). Individuals with BD are more likely to have an evening-type
chronotype, and higher seasonality. However, results regarding the relationship between
symptom severity and chronotype have been inconsistent (Melo et al., 2017).

Recent changes to criterion A necessary to the diagnosis of [hypo]mania include a
marked rise in activity and energy in addition to mood changes. In bipolar disorder, the
concept of activation has recently been proposed which includes objective change in
motor activity and subjective changes in energy related to the objective changes, arising
from a physiological phenomenon. According to Scott and colleagues’ systematic review,
compared to a depressive mood state in BD, but not compared to healthy controls, mania
is characterized by higher mean activity levels. During depressive episodes and euthymia,
individuals with bipolar disorder have lower mean activity levels compared to controls
(Scott et al., 2017). Additionally, there appears to be a phase advance in acrophase in
mixed and manic episodes (Salvatore et al., 2008). A study of euthymic individuals with
BD has found that actigraphy-measured TST was longer in BD, as was SOL, worse SE,
lower interdaily stability. Variability in measures such as time in bed, sleep duration, SE
and fragmentation index were also higher in BD (Geoffroy et al., 2014).

Depressive episodes in mood disorders have been linked by meta-analysis to
lower daytime activity, which increases throughout treatment (Burton et al., 2013). A
prior investigation has found higher fragmentation index and lower motor activity
throughout the day, in addition to higher activity and immobility during sleep in MDD

(Volkers, 2003). Another study found lower total activity in depressive episodes, but no
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significant differences in interdaily stability, intradaily variability or relative amplitude
(Berle, Hauge, Oedegaard, Holsten, & Fasmer, 2010).

Findings from actigraphy indicate the presence of some markers of sleep and
biological rhythm disturbance that are present for multiple psychiatric disorders. In an
actigraphy study of group of young people aged 12-35, individuals with anxiety disorders,
MDD and BD had later sleep onset and sleep offset compared to controls according to
actigraphy. TST was longer in those with anxiety disorders and individuals with BD,
while SE was lower in MDD. Later acrophase was found in individuals with anxiety
disorders or BD. Additionally, there were various differences in variability of sleep
parameters beyond mean values for these disorders (Robillard et al., 2015).

Some actigraph models have a built-in light sensor, allowing actigraphy to provide
ambulatory information about light exposure throughout the day. To date, little is known
about light exposure in MDD and BD. In a longitudinal study of elderly individuals who
did not have baseline depressive symptoms, exposure to light at night of greater than 5
lux increased risk of presenting depressive symptoms after a 2 year follow-up (Obayashi,
Saeki, & Kurumatani, 2018). Light-based therapies such as bright light therapy and blue-
light blocking glasses have been increasingly used as adjunctive therapies in mood
disorders. A recent meta-analysis demonstrated a significant effect of bright light therapy
on reducing depressive symptoms in individuals with non-seasonal depression (Perera et
al., 2016). In BD, bright light therapy has been shown to be an effective adjunctive

treatment of depression by a recent randomized controlled trial (Sit et al., 2018).
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Additionally, blue-light blocking glasses have shown a large effect in reducing manic

symptoms as an adjunctive treatment for mania (Henriksen et al., 2016).

1.5.3 Sleep, Biological Rhythms and Anxiety

Sleep and biological rhythm disruptions are also present in anxiety disorders.
Sleep problems are part of the diagnostic criteria for GAD and PTSD (American
Psychiatric Association, 2013). A meta-analysis of polysomnographic studies found
lower sleep depth and continuity, and higher sleep pressure in anxiety disorders, including
shortened SWS and reduced REM latency (Baglioni et al., 2016). Disturbances in sleep
may also predict the onset of anxiety disorders (Batterham, Glozier, & Christensen, 2012;
Neckelmann, Mykletun, & Dahl, 2007).

Across different anxiety disorders, Biaggi and colleagues systematically reviewed
objective and subjective sleep disturbances, finding evidence of changes in sleep profiles
among different anxiety disorders. GAD is marked by lower TST, higher SOL and
differences in non-REM sleep, while subjective sleep disturbances are predictive of the
onset of GAD. OCD severity is associated with shorter TST, and potentially, delayed
sleep phase. In panic disorder, there are subjective sleep disturbances, lower sleep
efficiency, shorter TST, and higher SOL. Objective and subjective sleep disturbances are
present in PTSD, including lower TST, higher SOL, and changes in REM. In social
anxiety disorder, there are subjective sleep problems, though little research has been done

on objective sleep disturbances (Biaggi, Conroy, Pawlby, & Pariante, 2016).
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A number of studies point toward disruptions in biological rhythms in anxiety
disorders. In an ecological momentary assessment study, Cox and colleagues found that
in a sample of undergraduates and community members, sleep disturbance was predictive
of medium increases in anxiety, and eveningness was a predictor of small increases in
anxiety (Cox & Olatunji, 2019). Luik and colleagues found that clinically significant
depressive symptoms and anxiety disorders were linked to intradaily variability, and
subjective sleep quality; while depressive symptoms alone were linked to later dominant
rest phase onset in middle-aged and older adults (Luik et al., 2015). Finally, Antypa and
colleagues found that MDD, but not anxiety disorders were linked to eveningness in a
large cohort in the Netherlands (n=1,944) (Antypa, Vogelzangs, Meesters, Schoevers, &

Penninx, 2016).

1.5.4 Perinatal Sleep and Biological Rhythms, Mood and Anxiety

Sleep and biological rhythm disturbances are common in the perinatal period.
Evidence suggests that poor sleep quality during pregnancy has negative effects on
maternal health, including risk of gestational diabetes mellitus, suicidal ideation, and pre-
term birth (Cai et al., 2017; Gelaye et al., 2015; Sedov, Cameron, Madigan, & Tomfohr-
Madsen, 2018; Wang & Jin, 2020).

A number of studies have investigated the association of subjective and objective
sleep quality with PPD. Wolfson and colleagues (2003) followed mothers from the 3™
trimester of pregnancy to several points up to 12-15 months postpartum. They found that

women who had clinically significant symptoms of PPD 2-4 weeks postpartum had
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higher TST, later wake up times, and a higher number of naps in the 3™ trimester of
pregnancy, compared to those who did not have clinically high PPD symptoms (Wolfson,
Crowley, Anwer, & Bassett, 2003). Park and colleagues (2013) found that subjective
sleep is associated with PPD symptom severity from late pregnancy to 14 weeks
postpartum. During the postpartum period, objective SE, sleep percentage, sleep
fragmentation and WASO were associated with PPD symptom severity as well (Park,
Meltzer-Brody, & Stickgold, 2013).

Some longitudinal studies have also investigated sleep during pregnancy as
predictors of postpartum mood. For instance, McEvoy et al. found that subjective sleep
quality at 1 month postpartum but not during the 3rd trimester of pregnancy was linked to
PPD symptom severity at 3 months postpartum (McEvoy et al., 2019). According to a
prior study by Coo Calcagni and colleagues, neither subjective nor objective 3" trimester
sleep were predictors of mood during 2 weeks postpartum (Coo Calcagni, Bei, Milgrom,
& Trinder, 2012). Interestingly, women who have a history of manic episodes triggered
by sleep loss have 2x the risk of postpartum psychosis, that is manic or mixed episodes,
or depression with psychotic symptoms within the first 2 weeks following childbirth
(Heron, Blackmore, McGuinness, Craddock, & Jones, 2007; Lewis et al., 2018).

Several studies have investigated the influence of subjective sleep during
pregnancy on both depressive and anxiety symptoms postpartum, with somewhat
heterogenous findings. Bei and colleagues found that subjective, but not objective sleep
during the 3™ trimester was associated with PPD symptom severity at 1 week postpartum.

Additionally, subjective sleep dysfunction, during the 3™ trimester was linked to
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postpartum anxiety symptoms (Bei, Milgrom, Ericksen, & Trinder, 2010). Tham and
colleagues in a prior investigation of 313 women found 3™ trimester subjective sleep
quality to be associated with severity of PPD symptoms, but not anxiety at 3 months
postpartum (Tham et al., 2016). However, Osnes and colleagues, in a large sample
(n=1,563) found that women who had insomnia symptoms during the 3™ trimester of
pregnancy had higher depressive and anxiety symptoms at 8 weeks postpartum, and were
more likely to have anxiety disorders during this time (Osnes, Roaldset, Follestad, &
Eberhard-Gran, 2019). Menke and colleagues have also reported perinatal depression and
anxiety symptoms to be linked to subjective sleep quality (Menke et al., 2019).

Few investigations have focused on biological rhythms and mood or anxiety
symptoms during the postpartum period. A previous study from our group has found that
worsening of subjective biological rhythm disturbances, but not subjective sleep quality,
from the 3™ trimester of pregnancy to 6-12 weeks postpartum were associated with
worsening of mood during these timepoints (Krawczak, Minuzzi, Hidalgo, & Frey, 2016).
Additionally, in a subset of this sample, objective sleep efficiency worsening from
pregnancy to postpartum and subjective biological rhythm disruption were associated
with worsening of depressive symptoms (Krawczak, Minuzzi, Simpson, Hidalgo, & Frey,
2016).

Few studies have investigated melatonin levels and their association with mood or
anxiety during the perinatal period. In a small study of 12 women with a history of MDD,
Sharkey and colleagues found that from the 3™ trimester of pregnancy to 6 weeks

postpartum, women experienced a phase delay, and the gap between sleep onset and dim
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light melatonin onset was shorter in most women. PPD symptoms at 2 and 6 weeks
postpartum in this sample were linked to dim light melatonin onset phase and phase angle
(Sharkey, Pearlstein, & Carskadon, 2013). A cross-sectional investigation by Parry and
colleagues found that morning melatonin levels were greater in women with (n=13) than
without (n=11) PPD in the first year postpartum. In pregnant women, however, morning
melatonin levels were lower in those with current depression (Parry et al., 2008).

Though prior literature indicates the presence of a link between sleep, biological
rhythms, perinatal mood and anxiety, studies have been limited by small samples, cross-
sectional design, lack of objective measures of sleep and biological rhythms, poor clinical
characterization of study samples, and few studies overall have looked at the influence of
biological rhythms during the perinatal period on mood or anxiety (Gallaher,
Slyepchenko, Frey, Urstad, & Dorheim, 2018). Moreover, few studies have investigated

sleep or biological rhythms as a predictor of postpartum anxiety.

1.6 Main Aims

Given the association of biological rhythms and sleep with depression and bipolar
disorder, and previous findings of subjective biological rhythms to be associated with
functional impairment, we first aimed to (1) compare biological rhythms and sleep
variables across a broad range of measures in individuals with and without bipolar and
major depressive disorders. (2) We aimed to investigate whether these measures can

account for impairment in functioning and worsened quality of life in this population.
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(3) Next, we aimed to investigate sleep and biological rthythms during pregnancy

and determine whether sleep and biological rhythm variables collected during pregnancy

can be used to predict symptom severity of mood and (4) anxiety postpartum. Finally, we

aimed to investigate (5) the longitudinal trajectory of sleep, biological rhythms and light

exposure across the perinatal period.

1.7 Specific Objectives

The specific objectives of this thesis are described below:

1.

Investigate differences between individuals with BD, MDD and healthy controls in a
broad range of measures of sleep and biological rhythms, including subjective
questionnaires, various objective measures from actigraphy and 6-sulfatoxymelatonin
levels;

Investigate whether sleep and biological rhythm variables can be used to model
functioning and quality of life in individuals with BD, MDD and healthy controls;
Examine sleep and biological rhythms in women during pregnancy, across a broad
range of measures including subjective questionnaires, measures from actigraphy and
6-sulfatoxymelatonin levels. We aimed to use sleep and biological rhythm measures
in conjunction with clinical variables to predict postpartum mood and

Use sleep and biological rhythm measures collected during pregnancy, as described

in (3), in conjunction with clinical variables to predict postpartum anxiety.
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5. Describe the longitudinal changes in clinical variables, sleep, biological rhythms, and

light exposure from the 3 trimester of pregnancy, to 1-3 weeks, and 6-12 weeks

postpartum.

1.8 Hypotheses

The hypotheses for each of the outlined objectives are as follows:

1.

Given findings of differences in sleep and biological rhythms in mood disorders, we
hypothesized that sleep and biological rhythms would be more disrupted in the MDD
and BD groups, compared to HCs across subjective and objective measures.

As previous findings have reported subjective biological rhythm disruption to be
linked to worsened functional impairment in mood disorders, we hypothesized that
disrupted objective and subjective sleep and biological rhythms would be linked to
functional impairment and worse quality of life.

In light of prior investigations of disrupted sleep and biological rhythms being linked
to worsened mood in the perinatal period, we hypothesized that worsened sleep and
biological rhythms during pregnancy would be predictive of mood disturbances
postpartum.

Previous literature described a variety of sleep disturbances and potential biological
rhythm disturbances in anxiety disorders, and perinatal sleep disturbances may be
linked to perinatal anxiety. We therefore hypothesized that sleep and biological
rhythm disturbances measured objectively and subjectively during pregnancy would

predict postpartum anxiety.
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5. Based on prior literature reporting sleep disruptions throughout the perinatal period
with particularly prominent sleep worsening during the first month postpartum, we
hypothesized that biological rhythms would be most disturbed at 1-3 weeks

postpartum, compared to the 3™ trimester of pregnancy and 6-12 weeks postpartum

9
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