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Chapter 1

Preface

Bipolar disorder (BD) is a chronic and devastating psychiatric disease. It is one of the
oldest known psychiatric illnesses, yet many of its features remain elusive. For instance,
what are the predictors of the onset and course of the illness? How is it possible to
distinguish BD from other psychiatric disorders at an early stage? Are symptoms of the
two poles of depression and mania related to each other? And finally, and perhaps most
exciting, do patients with BD show different brain activity compared to healthy subjects?

Ancient medical scholars already recognized the syndrome of BD among Greco-Roman,
Persian, and Arabic scholars throughout the first millennium CE. Hippocrates (460 - 370
B.C.) was the first physician to recognize BD in ancient Greece. It was described as
melancholia (probably what we now recognize as depression) and mania. Later, a Persian
physician Avicenna (bu Ali ibn Sina, 980 CE-1037 CE) appeared to have described a
type of mixed affective state, a mixture of depression with symptoms of mania such as
rapid thoughts, increased sexual drive, extensive anger, and mood lability!. He noted
that this mixed state with extensive anger is a transitional state from depression to
mania—implicitly recognizing the switch phenomenon?. In the second millennium CE,
FEuropeans studied BD extensively. The earliest description of a single disorder was
in 1684 by Theophilus Bonet (manico-melancholicus). In the late 1800s, Jean-Pierre
Falret identified the euthymic state (period free of symptoms) separated from manic
and melancholic episodes. In 1902, Emil Kraepelin classified unitary psychosis into two
categories. The first category was manic-depression which centered on emotional or
mood problems, and the second category was schizophrenia, with thought and cognitive
problems as the central features. In the early 1950s, Karl Leonhard differentiated between
unipolar depression (major depressive disorder) and bipolar depression and introduced
the term bipolar. In 1976, Goodwin and colleagues introduced type II BD as a subtype
with episodes of hypomania rather than mania. Finally, in 1980, in the third edition of
the "Diagnostic and Statistical Manual of Mental Disorders" (DSM), formal criteria for
classification were introduced and BD was established as the current name for the disorder.

Over time, new treatments have helped many patients manage BD and cope with their
symptoms. The Australian psychiatrist John Cade discovered lithium as a mood stabi-
lizer for bipolar disorder in 1948. The effectiveness of lithium was demonstrated more
thoroughly in the mid-’60s; until now, it is one of the most widely used and studied
medications for treating BD. In 1966 valproate was recognized as an effective treatment
for acute mania3. In 2004 Olanzapine was registered as the first atypical antipsychotic
for the same indication*. Models of BD are predominantly based on biological theories,
mainly because evidence from heredity points to a strong genetic basis for this disorder®.
Consequently, the treatment of BD has been largely based on psychopharmacological
intervention. Although there is increasing awareness of the potential importance of
psychological interventions in BD, research on psychotherapeutic targets for and effects of
BD is still relatively scarce compared to other disorders, such as major depressive disorder.
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1.1 Diagnoses of Bipolar disorder and its clinical con-
sequences

BD is a lifelong recurrent mood disorder characterized by alternating or intertwining
depressive episodes with elevated mood, which may include mania (BD type I) or hypoma-
nia (BD type II). Depression involves low moods, lack of energy or fatigue, lack of interest
or pleasure in activities, changes in appetite and sleep pattern, restlessness or irritability,
and negative or suicidal thoughts. The manic episode is in many respects the opposite
of depression with elevated mood and energy, rapid speech and racing thoughts, less or
no need for sleep, grandiose unattainable plans, increased self-esteem, and sometimes
psychoses with delusional, hallucinations, and disturbed or illogical thinking. This can
lead to impulsive and poor life choices with devastating consequences. When functioning
is seriously impaired and if symptoms are present for at least 7 days, we speak of a manic
episode. On the contrary, hypomania is an episode of elevated mood in which people
generally feel really well for at least four days, but not necessarily with impaired daily
functioning. Bipolar disorder type I is defined by experiencing at least one manic episode
(with or without a depressive episode), while the diagnosis of bipolar disorder type II
includes hypomanic and depressive episodes without a manic episode. In addition to these
two types of episodes, the patient can also experience mixed episodes in which depressive
and elevated moods can be present at the same time (see Figure 1.1).

A. Bipolar type | B. Bipolar type Il

Mania Mania

Mixed state

Hypomania Hypomania

Euthymia

<—Moo0d state ==
<—Mo00d state ==

Subthreshold depression Subthreshold defyessio
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Figure 1.1: Differentiation between bipolar disorder type I (A) and II (B).

The lifetime prevalence estimate of BD I is around 1% and between 1-2 % for BD II°.
BD is highly heritable, with concordance rates of 65 to 80% in monozygotic twins BD® 7.
Regarding gender, men and women are equally affected by BD I, while BD II affects more
women®. The age of onset of BD is estimated to be between 18-20 years old, with the
majority (85%) having an onset with a depressive episode in mid-adolescence (between
15 and 17 years) and the first diagnosable episode of (hypo)mania followed in five years
on average” 19, The course of the illness is variable, sometimes with serious functional
and cognitive impairment and a reduction in quality of life'™ 2. Furthermore, about
half of BD patients are affected by psychiatric morbidity'®. Anxiety disorders are the
most common comorbid psychiatric condition in patients with BD'4. Also, substance use
is common among comorbid psychiatric conditions, with prevalence rates between 20%
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and 70%'®. The substance used most frequently in people with BD was alcohol (42%),
followed by cannabis (20%) and any drug use disorder, mostly cocaine and amphetamines
(17%)16. Mortality studies have shown that BD is associated with a loss of approximately
10-20 potential years of life!” '8 and mortality rates are approximately 2-3 times higher
than in the general population'®> 2°. The increased mortality is due to medical comorbid-
ity, including diabetes?! and cardiovascular disease!?> 2, with the latter being the most
common cause of premature mortality in BD?2. Another important reason for increased
mortality rates is suicide?. In patients with BD, the suicide rate that leads to death is
estimated to be 10-30 times higher than that of the general population®? 24, particularly
when BD is not treated?®. Approximately 20-50% of patients with BD attempt to com-
mit suicide at least once during their lifetime, whereas about 15-20% of attempts are
completed?. These rates for attempted death and death are about twice those of major
depressive disorder?% 27. Treatments often result in partial response only, with rates of
recurrence of 40%-60% in 1-2 years, even when patients undergo pharmacotherapy?® 29,
In addition, patients spend up to 47% of their lives in symptomatic states, especially
depressive states®?, which emphasizes the need for research to broaden the focus on psy-
chological predictors and neurological research to better understand the complexity of BD.

In the current thesis, we have investigated different domains of BD. First, we examined
the predictors of the onset of BD. Second, we investigated the influence of the COVID-19
pandemic as an external stressor that affects the stability of the illness. The interactions
of symptoms of BD were then longitudinally examined over time. Finally, the long-term
consequences of BD in the field of neurocognitive functioning and brain functioning were
investigated.

1.2 Endogenous predictors of the development and
course of bipolar disorder

Patients with BD vary considerably in the course, severity, polarity, and cycle pattern
of the illness. Apart from the genetic constitution, little is known about the cause of
the illness and how certain factors influence its course. Endogenous predictors refer to
factors such as genetics or other biological factors, but also psychological factors such as
personality factors.

Most patients with BD experience one or more major depressive episodes prior to an initial
(hypo)manic episode3!, and as a consequence, will be initially (mis)diagnosed as unipolar
depression. However, the treatment of bipolar depression differs from that of patients
with BD, where antidepressants are less effective and can even induce (hypo)mania®?.
Therefore, earlier detection of a vulnerability to BD could benefit these patients. Further-
more, risk factors for conversion to BD may provide anchor points for early recognition,
psychological interventions, or other appropriate treatment.

Although some neurobiological markers for the development of BD have been identified33,
they are not yet useful for the early recognition of BD in individual patients. Conversion
from unipolar depression to BD was predicted by factors that included a parental history
of BD, more severe depression, comorbid psychotic symptoms, stressful life events, and

5



Chapter 1

childhood trauma3?® 3°. However, these factors are rather generic; a more specific profile

might help to better identify the early onset of BD, hopefully with potential for clinical
practice. In the current thesis, we examined the predictive value of personality traits and
anger in the development of BD.

1.2.1 Personality risk factors

Some personality traits could serve as potential risk factors for the onset of BD. Personality
traits are defined in terms of individual differences in self-concept, which are considered
stable and consistent and have developed throughout the life of a patient, particularly
during childhood?3.

The most common and well-established dimensional measure of personality is the Five-
Factor Inventory (NEO-FFI)37. The Big Five personality traits are neuroticism, extraver-
sion, openness, agreeableness, and conscientiousness. Evidence from cross-sectional and
some prospective studies has shown that higher neuroticism, extraversion, and low agree-
ableness are more prevalent in BD patients than in healthy controls®® 39, It is not clear
whether these are also factors that put patients with unipolar depression at risk for BD
conversion over time. Examining the predictive value of personality traits might help recog-
nize the early signs of unipolar patients at increased risk for conversion to BD (Chapter 2).

1.2.2 Anger and irritability

Feelings of anger and irritability are prominent symptoms of BD that can occur dur-
ing (hypo)manic, depressive, and especially mixed mood states. In addition, anger
and irritability in unipolar depression appeared to be a robust clinical marker of un-
diagnosed or subthreshold BD, or so-called bipolar spectrum illness?®. Evidence from
cross-sectional*!> 42 and prospective?® studies has shown associations between anger and
BD. However, the predictive value of anger in conversion to BD has not yet been examined.

Anger may be part of emotion regulation problems, and it has been hypothesized that
heightened emotionality is an enduring characteristic of BD**. This suggests that people
with BD experience more intense and more frequently fluctuating negative and positive
emotions (apart from their mood episodes). This might increase their risk of developing
mood episodes. Emotional instability in BD can be confused with comorbid personality
disorder, since it is a core characteristic of especially cluster B personality disorders
(Chapter 3).

1.3 Exogenous predictors of the development and course
of bipolar disorder

The exogenous stressor originates from the environment of the individual. This type
of decompensation is sometimes called a “reactive" episode. Major stressful life events
(e.g., due to loss of a close relative or becoming unemployed) are consistently identified
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as triggers for mood instability in patients with BD*®. Stressful live events have also
impacted the course of the illness in other ways®®, and have been associated with an
increased risk of recurrence and longer recovery time6 47,

The ongoing COVID-19 (coronavirus disease 2019) pandemic has had an enormous impact
on the lives of people. There has been serious concern about the adverse impact of the
pandemic on mental well-being in general, and especially for those with pre-existing
mental diseases, including BD*®. The lockdown measures and restrictions during the
pandemic reduced the access of many BD patients to treatment and might have led to
social isolation®”. In addition, the restrictions seemed to interfere, especially with factors
such as social rhythm and sleep, which are known triggers for relapse in depression or
(hypo)mania®. Evidence from cross-sectional studies has shown that the COVID-19
pandemic lockdown was associated with altered biological rhythm (including impaired
sleep, activity, and social rhythm) in patients with BD and more frequent depressive
episodes®! 2 53 However, to effectively weigh the impact of the COVID-19 outbreak, a
comparison of pre-COVID-19 and post-COVID-19 severity levels is needed. Only two
studies have investigated the impact of COVID-19 on BD patients using a prospective
design. The first study among elderly BD patients (over 50 years) showed no worsening of
symptoms of depression or (hypo)mania compared to pre-COVID measurements®. The
second study showed that BD patients compared to healthy controls were more severely
affected by the lockdown restrictions in their biological and social rhythm, income and
employment, and pandemic stress. Interestingly, the healthy control group showed an
increase in the severity of depressive symptoms during the pandemic compared to the
prepandemic scores, while no significant change was observed in patients with BD?®. More
longitudinal studies with pre-COVID-19 measurements are needed to confirm existing
findings and examine the effects of the pandemic and strict restrictions on patients with
BD (Chapter 4).

1.4 The complex interaction of mania and depressive
symptoms

In recent years, there has been a change in the focus of the mental health field from
‘group-based models’ to more ’personalized models’. The group-based models assume
that mental disorders (such as BD) result from an underlying common cause (biological
or psychological) leading to a set of symptoms. The common cause approach suggests
that most mental diseases, including BD, are in essence homogeneous disorders. The
more personalized models suggest that causal patterns may be more heterogeneous and
may vary from person to person. One approach to studying individual heterogeneity
is the network and complex dynamic system framework. This approach assumes that
symptoms themselves might interact and be causally dependent on one another® 7. A
simple example of this is that lack of sleep in BD may paradoxically lead to increased
energy and/or activity, which in turn leads to more lack of sleep and subsequently to
a full-blown manic episode. BD could be approached as a complex dynamic system:
complex because of the multiple symptom-symptom positive and negative feedback in-
teractions, which might result in disease episodes (either depressive or manic); dynamic
because the symptom-symptom relations may evolve in an individual over time®®. In
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BD, complex dependencies in time are constantly changing between components (such
as mood symptoms and environmental factors), across multiple levels of organization
and scale. These components together affect the behavior of the whole, such as manic,

euthymic, and depressive mood states, as emergent phenomena®.

Dynamic time warp (DTW) is a computational algorithm that serves as a network analysis
technique to process individual symptom data and takes account of potential non-linear
dynamics among symptoms and focuses on change profiles rather than absolute levels of
symptom scores®® 1. This method is a widely used statistical algorithm, but not yet in
the field of psychiatry and psychology. This method helps us investigate the symptom
interconnection within panel data when there are only a parse number of time points.
It starts with analyzing individual patient data (i.e., idiographic approach, individual
level) after which these are aggregated (i.e., nomothetic analysis, group level). This is
important as BD is a multicausal, dynamic, and idiosyncratic disorder.

Within a network approach and using DTW, one would be able to study the interactions
and relative changes in symptom severity within and between individual patients with
BD. This might lead to a better insight into the individual symptom dynamics and help
the clinicians in decision-making and personalized treatment (Chapter 5).

1.5 Neurocognitive dysfunctions in BD

In addition to mental and physical health, the neurocognitive function can be affected in
patients with BD. Earlier studies have demonstrated that BD is associated with both
neurocognitive impairments®? Several of these deficits are independent of state and can
also be present during euthymia®. Such characteristics of DB may be considered as
trait-, rather than state-related. Neurocognitive deficits include executive functions and
working memory®*, which could partly account for functional impairment in patients with
BD. Importantly, while 90% of patients attain symptomatic or syndromal recovery, only
30% are fully functional recovered within two years after a severe episode®. Cognitive
impairment, together with early age of onset and the constant risks of recurrence was
shown to lead to the high burden of disease that is seen in patients with BD.

Abnormalities in various brain regions and related circuitry could be underlying cognitive
and emotional regulation deficits in BD. Earlier functional MRI studies using cognition-
and emotion-related paradigms, have shown alternation in the fronto-limbic network in
patients with BD. BD patients appear to show amygdala hyperactivation during emotion
processing®®, and increased activity in the orbitofrontal cortex (OFC) during reward
processing®”. Working memory is hypothesized to be related to decreased activity in the
PFCSY8. Although there is an increasing number of fMRI studies suggesting fronto-limbic
functional abnormalities in BD, a meta-analysis explicitly focussing on this brain network
in BD has not yet been performed. A meta-analysis of fronto-limbic network activity in
BD is important as malfunctioning regions in this brain network can be considered crucial
in the pathophysiology of cognitive and emotional impairments in BD (Chapter 6).
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1.6 Aims, research questions, and outline of this disser-
tation

This dissertation focuses on BD and aims to expand our knowledge of BD by investigating
the risk factors for the onset of BD, the effects of COVID-pandamic on the course of BD,
the symptom interaction and changes in severity over time, and the functional activity of
the brain in BD patients.

It is clear that BD is a complex illness; therefore, it is important to study it from dif-
ferent angles. In this dissertation, we attempted to study both the psychological and
neurocognitive aspects of BD. Therefore, the primary purpose of the current dissertation
is to study symptoms and identify psychological and fMRI predictors of BD and examine
their complex interactions.

The main question of the present dissertation is:
What are predictors for the development and course of BD?

In order to answer these questions, the following sub-questions were formulated:

o What are endogenous and exogenous predictors for the development and course of
BD?

e How are symptoms of BD interconnected, and how do they interact over time?

e Do BD patients show aberrant brain activity function compared to healthy controls?

1.6.1 Cohorts used in this dissertation

The current thesis has used data from three different cohorts; the Netherlands Study of
Depression and Anxiety (NESDA; Chapters 2 and 3), the Bipolar Netherlands Cohort
(BINCO; Chapter 4), and the Bipolar Stress Study ( Chapter 5).

NESDA (www.nesda.nl) is an ongoing multi-site naturalistic cohort study that aims to
examine the long-term course and consequences of depressive and anxiety disorders®?. It
is a thirteen-year longitudinal cohort study among 2981 participants aged 18 through 65.
This cohort included patients with a current or lifetime depressive or anxiety disorder and
healthy controls. Participants were recruited from the community (n = 564, 18%), general
practice (n = 1,610; 54.0%), and secondary mental healthcare (n = 807; 27.1%). NESDA
cohort is funded through the Geestkracht program of the Netherlands Organization for
Health Research and Development (ZonMw, grant number 10-000-1002) and financial
contributions by participating universities and mental health care organizations.

BINCO (www.bincostudie.nl) is an ongoing cohort study in which recently diagnosed
(<1 year) bipolar I and IT patients are included from different mental health outpatient
clinics in the Netherlands. Clinical data such as mood status and received treatment are
collected every half year. In addition, cognitive function, lifestyle factors, psychological
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characteristics, genetic, neuro-imaging, endocrine, and immune status are assessed at
baseline and after 1 year. This cohort is funded by Cella Durksz fund.

The Bipolar stress Study is a naturalistic cohort study including 173 BD patients (I
and IT) who were followed for two years. The first patients were enrolled in 2006, data
collection stopped at the end of 2011. The general topic of the Bipolar Stress Study is to
identify risk factors that have an impact on the clinical course of BD and the treatment
of BD patients. Previously, Spijker et al.”% 7> 72 and Koenders et al.3% 73 7 75 hayve
reported based on this dataset.

Dissertation outline

In order to answer our main research question (What are predictors for the development
and course of BD?), five studies were conducted in the current thesis. Figure 1.2 shows
the schematic representation of chapter content for clarification.

Chapter 3

\‘\ II// Anger as predictor

Chapter 4
: % O S > Effects of COVID-19

s Bipolar disorder

Chapter 2
Personality traits as predictor

Chapter 5

Network approach

Chapter 6
Brain activity

»

Figure 1.2: Schematic representation of chapter content.

In Chapter 2, we aimed to determine which personality traits are independently asso-
ciated with the development of a (hypo)manic episode within a group of patients who
were initially diagnosed with unipolar depression and anxiety disorders. We investigated
the influence of personality traits (as baseline predictor) on the incidence of (hypo)manic
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episodes during the 9-year follow-up. The sub-question was: Can personality traits predict
the conversion of BD from unipolar mood disorder during the 9-year follow-up?

In Chapter 3, we examined the association of different constructs of anger with BD
(cross-sectionally); and second determined the predictive role of aggression reactivity in
conversion to BD (prospectively). Can aggression reactivity as a baseline predict the risk
of conversion to BD during the 9-year follow-up?

In Chapter 4, the effects of COVID-19 on BD were longitudinally investigated in recently
diagnosed and relatively young adults with BD (diagnosis < 1 year), who were followed
from the first months of the Dutch lockdown restrictions into the period in which measures
were temporarily eased. In this study, we compared mania, depression, anxiety, and
stress-related symptom levels before the pandemic with levels during the pandemic using
up to six follow-up measurements. We hypothesized that patients with newly onset BD
were at increased risk of both mania and depression due to increased stress and quarantine
measures of the COVID-19 pandemic.

In Chapter 5, we investigated interactions and relative changes in symptom severity
within and between BD patients. We used a novel technique of DTW (network approach)
to analyze the dynamics of symptoms over time and utilized symptoms of BD repeatedly
(every 3 to 6 months) to assess depression and manic symptoms in 141 patients with
BD. The sub-question was: how are symptoms of BD interconnected, and how do they
interact over time in patients with BD (within and between patients)?

In Chapter 6, we performed an fMRI meta-analysis to investigate the brain functioning of
BD patients compared with healthy controls (HC) in three domains: emotion processing,
reward processing, and working memory. The sub-question was: do BD patients show
aberrant brain activity function compared to healthy controls?

Finally, in Chapter 7, we summarized and discussed the findings alongside a number of
implications for research and practice.
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