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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

Major depression Major depression

Time —> Time —>

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
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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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Abstract

Background

Bipolar disorder (BD) is characterized by the alternating occurrence of (hypo)manic and
depressive episodes. The aim of the current study was to determine whether personality
traits independently predicted the subsequent development of (hypo)manic episodes within
a group of patients who were initially diagnosed with depressive and anxiety disorders.

Methods

The Netherlands Study of Depression and Anxiety is a cohort study with measurements
taken at baseline and at 2-, 4-, 6-, and 9-year follow-up. Development of a (hypo)manic
episode during follow-up was assessed with the Composite International Diagnostic Inter-
view and (hypo)manic symptoms were evaluated with the Mood Disorder Questionnaire.
The Big Five personality traits were the independent variables in multivariable Cox
regression analyses.

Results

There were 31 incident cases of (hypo)manic episodes (n = 1,888, mean age 42.5 years,
68.3% women), and 233 incident cases of (hypo)manic symptoms (n = 1,319, mean
age 43.1, 71.9% women). In multivariable analyses, low agreeableness was indepen-
dently associated with an increased risk of developing a (hypo)manic episode, with a
hazard ratio (HR) of 0.54 (p = 0.002, 95% CI [0.37, 0.78]). This finding was consistent
with the development of (hypo)manic symptoms (HR 0.77, p = 0.001, 95% CI [0.66, 0.89]).

Limitations
The 2-year lag-time analysis reduced the number of participants at risk of a (hypo)manic
episode.

Conclusions

We conclude that low agreeableness is a personality-related risk factor for incident
(hypo)mania among subjects initially suffering from depressive and anxiety disorders.
Increased attention to personality deviances could help to recognize BD at an early stage.
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2.1 Introduction

Bipolar disorder (BD) is a common mood disorder characterized by alternating periods
of (hypo)mania and depression. The lifetime prevalence of BD is estimated around 1%
for bipolar I disorder (BDI) and between 1 and 2% for bipolar II disorder (BDII)! % 3.

A majority of patients with BD experience one or more major depressive episodes prior
to an initial (hypo)manic episode! 4. Being able to identify unipolar depressed patients
who are at high risk for developing a (hypo)manic episode would help to develop early
intervention strategies that could be tailored to target BD. Although increasing numbers
of neurobiological markers for the development of BD have been identified®, these are
not yet useful for the early recognition of BD in individual patients in daily clinical
practice. More easily assessable psychological variables may be more suitable. Conversion
from unipolar depression to BD was predicted by factors including a parental history of
BD, more severe depression, comorbid psychotic symptoms, and childhood trauma®* 6 7.
However, these factors are rather generic; a more specific profile might help to further
identify the early onset of BD. In this study, we focus specifically on personality traits as a
risk factor. We investigated whether personality traits independently predicted incidence
of (hypo)mania in a group of patients with depressive or anxiety disorder.

Personality traits might also help to identify a "bipolar profile". Personality traits are
defined in terms of individual differences in self-concept, which is considered stable and
consistent and has developed across a patient’s lifespan—particularly during childhood®.
Previous studies that attempted to identify the personality profile of BD have used differ-
ent approaches, such as hyperthymic, cyclothymic, and dysthymic temperaments”; the
hypomanic personality traits'®; the behavioral inhibition/approach system (BIS/BAS)!!;
and the Big Five personality traits. In the current study, we used the more common
Big Five personality traits approach. The Big Five personality traits are neuroticism,
extraversion, openness, agreeableness, and conscientiousness, and these are often assessed
using the Neuroticism, Extraversion, Openness Five-Factor Inventory (NEO-FFI) ques-
tionnaire'?. However, unlike research on unipolar depressive disorder, only a limited
number of studies have focused on the putative association between BD and personality
traits!3 14 15,

There have been some cross-sectional studies on the Big Five personality traits and BD.
Several studies have shown that BD patients have higher neuroticism compared with
unipolar depression patients and healthy controls!® 17 1819, 20 Higher extraversion in
BD patients compared with unipolar depression patients and controls was found in the
majority of studies!® 2% 22: 23, 24 Patients with BD also demonstrated higher openness
compared with healthy controls and other psychiatric groups?*. In addition, low agree-
ableness was associated with BD in two cross-sectional studies!6 20,

Previous prospective findings have been categorized according to the “conversion litera-
ture"—i.e., focusing on patient samples with current depressive disorders!® —or according
to the “prediction literature"—i.e., including bipolar patients and/or participants without
a current disorder (e.g., healthy participants from the general population)* 2°.

The “prediction literature" has shown high extraversion and low agreeableness to be
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independent risk factors for the development of a (hypo)manic episode in bipolar pa-
tients'® 1% 25 26 Three previous prediction studies have included 394 15 25,26 11014
and 2,247% patients with BD and/or healthy participants. These studies had follow-up
durations ranging from 6 months'# 15 2% 26 t5 2 years'® 25, These studies consistently
showed high neuroticism, high extraversion, and low agreeableness as predictors of manic
symptoms'® 2%, but showed different results for high conscientiousness?®.

Only one “conversion" study examined the predictive value of personality traits and con-
version to BD'® with 5 years of follow-up. These findings showed that higher extraversion
scores predicted conversion to BD among patients with major depression (N = 301), even
after adjusting for symptom severity. In the same study, neuroticism was not a predictor
for conversion to BD.

In sum, there is evidence from cross-sectional and some prospective studies that higher
neuroticism and extraversion and low agreeableness are more prevalent in BD patients
than healthy controls. Whether these are also factors that put patients with other affective
disorders at risk for developing BD over time is not clear. Larger cohort studies with
longer follow-up periods are needed to determine whether and to what extent such traits
independently predict the risk of a (hypo)manic episode.

The aim of the current study was to determine whether personality traits independently
predicted the subsequent development of (hypo)manic episodes within a group of patients
who were initially diagnosed with depressive and anxiety disorders. This was a well-
characterized, large, prospective cohort study with a 9-year follow-up period. Since the
comorbidity between depression and anxiety is high, and patients with anxiety are at
increased risk of BD?7, we also included patients with anxiety disorders. We used survival
analysis to investigate the influence of personality traits on incidence of (hypo)manic
symptoms and episodes during the 9-year follow-up. Based on previous findings'4: 1 25 26,
we hypothesized that traits such as higher extraversion and lower agreeableness would
have independent predictive value regarding the onset of (hypo)manic symptoms or a
(hypo)manic episode.

2.2 Methods

2.2.1 Subjects

Data were obtained from the Netherlands Study of Depression and Anxiety (NESDA).
NESDA is a prospective cohort study with measurement points at baseline and at the
2-, 4-, 6-, and 9-year follow-up. At baseline, 2,981 participants were included—of whom
2,483 (83.3%) participated in at least one of the follow-ups. We included only those
participants with current and remitted depressive and/or anxiety disorder (n = 1,888;
63.3%) in our analyses. The total percentage of participants (of 2,981) who participated
at each follow-up were 87.1% (2 year), 80.6% (4 year), 75.7% (6 year), and 69.4% (9 year).
As we selected only those participants with data available from at least two follow-ups,
the number of included participants in our sample were: 1,888 (100.0%) at 2 years,
1,673 (88.6%) at 4 years, 1,563 (82.8%) at 6 years, and 1,434 (76.0%) at 9 years. These
participants were between 18 and 65 years of age at baseline and suffered from remitted
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(n = 560) or current (n = 1,328) depressive and/or anxiety disorders. Recruitment took
place in primary health care and outpatient mental care facilities as well as in communities
from the area around Amsterdam, Leiden, and Groningen (the Netherlands). We used
the following criteria for exclusion: (a) a primary clinical diagnosis of BD, psychotic
disorder, obsessive-compulsive disorder, or severe addiction disorder, and (b) insufficient
Dutch language skills. The study design has been extensively described previously?®. The
research protocol was approved by the Ethical Committee of participating universities
and all participants provided written informed consent.

For the current study, we selected patients suffering from remitted or current depressive
and/or anxiety disorders who had completed at least one follow-up assessment. One
hundred and seventeen (6.2%) participants missed one of the CIDI measurements, but
participated in the follow-ups. Only one of these 117 participants eventually developed
a (hypo)manic episode. Remitted or current depressive and/or anxiety disorders were
assessed using the Composite International Diagnostic Interview (CIDI, version 2.1), and
specially trained research staff administered the diagnostic interviews.

2.2.2 Measures

Outcome variables. At the 9-year follow-up, a number of individuals experienced a
(hypo)manic episode or symptoms thereof. The BD section of the CIDI was not conducted
at baseline; therefore, it was not possible to exclude BD patients with certainty at baseline.
However, the NESDA had already excluded patients with a self-reported or with a profes-
sionally reported primary clinical diagnosis of BD during the initial participant screening.
A lag-time analysis of 2 years was applied, meaning that all incidents of (hypo)manic
cases based on the CIDI between baseline and the 2-year follow-up were excluded.

CIDI (hypo)manic episodes. The incident cases of (hypo)manic episodes, which were
indicative of BD, were ascertained using the CIDI. Trained researchers administered the
BD section of the CIDI. The onset of a (hypo)manic episode was based on the presence of
a DSM-IV hypomanic or manic episode as assessed with the BD section of the CIDI at the
2-, 4-, 6-, and 9-year follow-up assessments. In the analyses of (hypo)manic episodes, we
excluded all participants who met the criteria based on the CIDI between baseline and the
2-year follow-up (n = 86; 71.7% within percentage). Thus, incidents of (hypo)mania were
analyzed in 1,888 participants; of these participants, 31 (1.6%) experienced an incidence
of (hypo)mania.

The CIDI is highly reliable (BDI: x = 0.92, BDIL: x = 0.94)?° and is a valid instrument
(diagnosis of a lifetime BD sensitivity 0.87 and specificity 0.89)3° for yielding diagnoses
listed in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV).

Mood Disorder Questionnaire (MDQ) of (hypo)manic symptoms. The MDQ is a
screening instrument for a history of (hypo)manic symptoms, which for the sake of brevity,
we will refer to as “(hypo)manic symptoms". The history of (hypo)manic symptoms
was ascertained in all participants during and up to the 9-year follow-up using the MDQ?3!.

The MDQ was conducted at baseline and at 2-, 4-; 6-, and 9-year follow-up. The MDQ
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includes 15 items and consists of three parts. The first part comprises 13 dichotomous
items regarding BD symptoms. The second part assesses the clustering of symptoms,
and the third part relates to disease severity. To define (hypo)manic symptoms based on
the MDQ, we used the cut-off that was defined in prior NESDA research??, with slightly
modified criteria compared with the most commonly used cut-off according to Hirschfeld?3.
We considered the MDQ total score to show (hypo)manic symptoms when at least seven
positive answers were given from a total of 13 items—irrespective of answers on the second
or third part. This cut-off demonstrated good psychometric properties when detecting
(hypo)manic symptoms, with a sensitivity of 0.83 and a specificity of 0.8232. In addition,
we excluded all patients who met the criteria for (hypo)manic symptoms based on the
MDQ baseline cut-off (n = 450; 80.4% with percentage), which we used to analyze our
data for (hypo)manic symptoms. In the end, we analyzed the incidents of (hypo)manic
symptoms in a total of 1,319 participants, of whom 233 (17.7%) experienced (hypo)manic
symptoms.

2.2.3 Baseline Predictor

Personality traits. Personality traits were determined using the NEO-FFT at baseline,
which is a short version of NEO Personality Inventory (NEO-PI-R)'2. The widely used
NEO-FFI is a 60-item self-report questionnaire that measures items on a five-point scale
(ranging from 0 to 4). This questionnaire measures personality traits within five main
personality domains (neuroticism, extraversion, openness to experience, agreeableness,
and conscientiousness) each listing 12 items. For each broad domain, item clusters of
subcomponents are grouped together, and these mirror the facets of the NEO-PI-R3.

Internal consistencies for the current study were calculated for the participants NEO-FII
domains and yielded Cronbach’s v =.90 for neuroticism, Cronbach’s a =.78 for extraver-
sion, Cronbach’s v =.63 for openness, Cronbach’s o =.70 for agreeableness, and Cronbach’s
a =.79 for conscientiousness. In short, neuroticism includes emotional instability and
negative effects. Extraversion is seen as being sociable, assertive, and excited Openness
includes intellectual curiosity, need for variety, and non-dogmatic attitudes. Agreeableness
involves trust, altruism, and sympathy; individuals who score low on agreeableness tend
to be less cooperative and more competitive. Conscientiousness is the predisposition to
being disciplined and striving after goals, and a strict adherence to principles!2.

Symptom severity. The current presence of anxiety and/or depressive disorders in
patients was assessed according to the respective sections of the DSM-IV, based on the
CIDI interview (WHO version 2.1), which has high interrater reliability (any depressive
disorder x = 0.95)2° and high validity for depressive and anxiety disorders®.

The severity of depression was found to be a potential risk factor for the development
of a (hypo)manic episode3%; therefore, we included this as a covariate in the current
study. We assessed the severity of depression based on the 30-item self-report Inventory
of Depressive Symptomatology (IDS)37, which has an internal consistency of Cronbach’s
a =.94. The baseline total score was used as a covariate in the analysis.

Because many patients suffered from anxiety, we adjusted for the severity of anxiety
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symptoms, which we assessed according to the Beck Anxiety Inventory (BAI). This is a
21-item self-report inventory with an internal consistency of Cronbach’s a@ =.9238.

Childhood trauma also predicted the onset of a (hypo)manic episode) and was included
as a covariate. Childhood trauma was assessed with the Childhood Trauma Inventory,
which is a cumulative index ranging from 0 to 8 that considers the frequency of emotional

neglect, psychological abuse, physical abuse, and sexual abuse before the age of 16 years®.

2.3 Statistical Analysis

We used analyses of variance and x2 tests to conduct basic descriptive statistics. The
presence of a (hypo)manic episode according to the CIDI was determined at the 4-, 6-, and
9-year follow-up because we applied a lag-time of 2 years. The presence of (hypo)manic
symptoms according to the MDQ was determined at each of the time points. We used
Cox proportional hazard models to examine the relationship between baseline personality
traits and incidence of (hypo)manic episodes and symptoms separately. The date of
inclusion into the cohort was considered the baseline for each patient in the survival
analysis. The primary endpoint consisted of all incident cases during the follow-up period,
the survival time (including all incident cases of [hypo]manic episodes or symptoms), and
the diagnoses at each time point (based on either the CIDI or the MDQ). We censored
all follow-up losses as well as patients who did not experience a (hypo)manic episode or
symptoms thereof during follow-up. We checked the proportional-hazards assumptions
with log-minus-log plots using personality-domain scores categorized into tertiles. These
curves did not show any violation, except for a slight violation of the openness personality
domain. All personality (sub)domain scores were standardized into z scores. We estimated
three models: (a) a crude model that did not include covariates, (b) an adjusted model
that included sociodemographic data (i.e., age, gender, and education in years), and
current depressive/anxiety disorder based on the CIDI, and (¢) a fully adjusted model
that included the remaining four Big Five personality traits, severity of depression and
anxiety symptoms, childhood trauma, and alcohol dependence. Finally, we used Pearson’s
correlation to examine the relationship between the Big Five personality traits and the
severity of depression and neuroticism.

Two-sided p values were considered statistically significant at the 0.05 level. All analyses

were conducted using IBM SPSS statistics software, version 22 (IBM Corp., Armonk, NY,
USA).
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2.4 Results

2.4.1 Baseline Characteristics

Table 2.1 includes a summary of the basic demographic and clinical characteristics
of (hypo)manic episodes and symptoms of all participants. There were 31 cases of
(hypo)manic episodes (n = 1,888, mean age = 42.5 years, 68.3% women), and 233 cases
of (hypo)manic symptoms (MDQ total score >7) (n = 1,319, mean age = 43.1 years,
71.9% women). The included subjects (based on analyses of [hypo]manic episodes) were
on average 42.5 years of age (SD = 12.6) and were predominantly female (68.3%). They
also had an average 12.1 years (SD = 3.3) of education.

At baseline, the mean IDS-SR was 24.3 (SD = 13.1), and the mean BAI was 13.5 (SD
= 10.2), indicating overall mild depressive and anxiety symptoms. Next, the results of
Pearson’s correlation between the Big Five personality traits and the severity of depression
showed strong associations of neuroticism with IDS-SR (r =.69, p <.001). The other
Big Five personality traits were negatively correlated with IDS-SR: extraversion (r =
- 0.49, p <.001), openness (r = -.11, p <.001), agreeableness (r = -.28, p <.001), and
conscientiousness (r = -.34, p <.001). Moreover, there were only three incident cases
of (hypo)manic episodes in patients with remitted depressive and/or anxiety disorders
and 28 incident cases of (hypo)manic episodes in patients with current depressive and/or
anxiety disorders. When looking to the overlap between the CIDI and MDQ), four (12.9%,
N = 31) participants met the criteria of a (hypo)manic episode based on the CIDI but
did not have a positive MDQ score.

2.4.2 Predictors of Incident (Hypo)manic Episodes

In the crude models, all the personality domains were significantly associated with subse-
quent (hypo)manic episodes except for the openness and extraversion domains. In the
adjusted models, high neuroticism and low agreeableness remained significant risk factors
for the development of a (hypo)manic episode. The hazard ratios (HRs) were 1.70 (p <
0.04, 95% CI [1.03, 2.82]) for neuroticism and 0.52 (p < 0.001, 95% CI [0.37, 0.74]) for
agreeableness. In the fully adjusted model, however, only low agreeableness remained an
independently associated risk factor for incidence of (hypo)manic episodes (HR 0.54, p =
0.002, 95% CI [0.37, 0.78]) (see Table 2.1).

Kaplan-Meier curves categorized into tertiles show that lower levels of agreeableness were

associated with a higher incidence of (hypo)manic episodes (see Figure 2.1A). This finding
is in accordance with those from Cox regression models.
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Analyses of Analyses of
(hypo)manic (hypo)manic
episodes symptoms

(n = 1,888) (n = 1,319)
Sociodemographics
Female sex, no. (%) 1,290 (68.3) 948 (71.9)
Age in years, mean (SD) 42.5 (12.6) 43.1 (12.6)
Education in years, mean (SD) 12.1 (3.3) 12.3 (3.3)
BMI, kg/m?, mean (SD) 25.7 (5.1) 25.7 (5.0)
Smoking, no. (%) 737 (39.0) 447 (33.9)
Alcohol dependency/abuse, no. (%) 549 (29.1) 312 (23.7)
Clinical characteristics
Severity measures
IDS-SR total score, mean (SD) 24.3 (13.1) 22.4 (13.0)
BAI total score, mean (SD) 13.5 (10.2) 12.5 (9.8)
Medication use
Benzodiazepines, no. (%) 335 (17.7) 230 (17.4)
SSRI, no. (%) 411 (21.8) 291 (22.1)
TCA, no. (%) 63 (3.3) 49 (3.7)
Other AD, no. (%) 129 (6.8) 97 (7.4)
MDQ score, mean (SD) 4.9 (3.3) 2.8 (2.0)
Groups according to psychopathology
Remitted anxiety and/or depressive disorder, no. 560 (29.7) 433 (32.8)
(%)
Current anxiety and/or depressive disorder, no. (%) 1,328 (70.3) 886 (67.2)
Current anxiety disorder, no. (%) 456 (24.4) 17.2)
Current depressive disorder, no. (%) 326 (17.3) 221 (11.9)
Current anxiety and/or depressive disorder, no. (%) 546 (28.9) 346 (18.7)
Five factor personality scales of the NEO—FFI
Neuroticism, mean (SD) 38.4 (8.1) 37.6 (8.3)
Extraversion, mean (SD) 35.7 (7.0) 35.5 (7.0)
Openness, mean (SD) 38.5 (5.9) 38.3 (5.9)
Agreeableness, mean (SD) 43.7 (5.2) 44.4 (5.0)
Conscientiousness, mean (SD) 40.9 (6.5) 41.6 (6.2)

Table 2.1: Characteristics of the Study Sample of NESDA Participants
Abbreviations:

BMI = Body Mass Index;

IDS-SR = Inventory of Depressive Symptomatology, self-report;

BAI = Beck Anxiety Inventory;

SSRI = Selective Serotonin Reuptake Inhibitor;

TCA = Tricyclic Antidepressant.
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2.4.3 Predictors of Incidence of (Hypo)manic Symptoms

Results of the crude models showed significant effects for neuroticism, agreeableness, and
conscientiousness on the incidence of (hypo)manic symptoms. In the adjusted models,
high neuroticism and low agreeableness remained significantly related to the onset of
(hypo)manic symptoms with HRs of 1.21 (p = 0.03, 95% CI [1.02, 1.43]) for neuroticism,
and 0.74 (p < 0.001, 95% CI [0.64, 0.85]) for agreeableness. In the fully adjusted model,
again, agreeableness was the only statistically, significant independent predictor, with an
HR of 0.77 (p = 0.001, 95% CI [0.66, 0.89]) (see Table 2.1 and Figure 2.1B). In addition,
when we used the traditional coding of incident cases (a history of [hypo|manic symptoms)
for the MDQ), there were 62 incident cases versus 233 cases of slightly modified coding.
However, the results were similar, with a multivariate-adjusted HR of 0.59 (p < 0.001,
95% CI [0.45, 0.77]) for agreeableness using the 62 incident cases and a HR of 0.77 (p =
0.001, 95% CI [0.66, 0.89]) using the 233 cases.
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2.5 Discussion

The main goal of the current study was to determine which personality traits are inde-
pendently associated with the development of a (hypo)manic episode or (hypo)manic
symptoms within a group of patients who were initially diagnosed with unipolar depression
and anxiety disorders. We found that low agreeableness was a personality-related risk
factor that could anticipate the development of a (hypo)manic episode or associated
symptoms.

Our results are partly in line with previous studies. A link between low agreeableness
and BD was found in a large prospective study?® and two cross-sectional studies'®: 20,

Our finding that depressed and anxious patients with low agreeableness are at risk of
developing (hypo)mania has potential clinical implications. Identifying those patients at
increased risk of BD early on would allow preventative intervention. BD is often missed
or misdiagnosed by clinicians; this is illustrated by an average treatment delay of up
to 10 years after the first major mood episode?®. Although the criteria for classifying
(hypo)mania in patients with BD and unipolar depressive disorder are very clear, it is often
not obvious in clinical practice. BD patients start often with predominantly depressive
episodes, which are usually later followed by (hypo)manic episodes. (Hypo)manic episodes
are regularly unnoticed or not mentioned by patients. An unjustified diagnosis of unipolar
disorder can have major disadvantages such as inadequate pharmacological treatment.
Inadequate pharmacological treatments are associated with an increased risk of recurrence,
non-response, longer illness duration, and possible induction of (hypo)mania®!. Therefore,
it is important to be able to identify BD and distinguish it from unipolar disorder. Specific
personality traits may be warning signs of BD, in addition to clinical characteristics
such as multiple brief depressed episodes, a lack of response to antidepressants, and a
family history of BD*'. A patient assessment that reveals high emotional instability and
a tendency to disagree, compete, and be suspicious could also indicate a heightened risk.
Likewise, a lack of being cooperative, trusting, and amiable is a sign of low agreeableness*?.
Our findings are consistent with the idea that BD patients tend to be less agreeable, which
might be associated with less willingness to follow advice. Accordingly, euthymic BD
groups are more likely to oppose advice given in a computerized goal-directed task after a
positive mood induction*® compared with remitted unipolar and healthy controls. In line
with this, BD patients tend to show more anti-social behavior (such as aggression and
inappropriate anger attacks) compared with depressive patients and healthy controls**.
Low agreeableness might also be associated with anti-social behavior. Moreover, BD
patients experience extensive emotional instability during their mood episodes and also in
between the episodes in their euthymic state. Earlier studies have shown that BD patients
more often use maladaptive strategies such as rumination and dampening compared with
healthy controls. These maladaptive strategies may adversely impact mood symptoms and
severity?®, and were associated with higher scores on maladaptive personality traits (such
as neuroticism) and lower scores on adaptive personality traits (such as agreeableness
and openness). Our findings match those of previous studies and suggest that such
characteristics may signal a risk of BD, even in the euthymic phase.

In contrast to earlier findings, we did not confirm that high neuroticism was an indepen-
dent predictor of the development of (hypo)mania in our current study; this association
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has been found in several cross-sectionall® 17 18: 19, 20 and three predictive studies®: 2 26,

In these studies, higher neuroticism correlated with baseline depression symptoms or
predicted future depression symptoms, but did not predict future (hypo)manic episode or
symptoms. The core features of neuroticism are associated with depression; therefore,
it was important for us to adjust for the severity of depression symptoms in the current
study. In our sample, neuroticism and the IDS-SR scores were strongly intercorrelated.
Adjusting for the severity of depression explains the lack of a significant association with
neuroticism in our current analyses.

Another previous finding that we did not confirm was the association between high
extraversion and BD, which was found in one predictive study, one conversion study'® '°,
and several cross-sectional studies'® 21 22:23: 24 Extraversion was mainly related to
(hypo)manic symptoms. Although we were not able to differentiate between BDI and
BDII, it is plausible that a substantial number of incident cases in our study were BDII.
Results from an earlier predictive study®® indicated that higher neuroticism and lower
extraversion were particularly predictive of BDII rather than BDI incident cases. Person-
ality traits could be a distinguishing feature of these two subtypes.

The current study has several strengths over previous studies. The most important
strengths are the large sample size and the long follow-up period (the longest to date).
Moreover, we took potential confounders such as the presence and severity of depression
and anxiety into account. We also assessed incidence of (hypo)mania using a validated
instrument and excluded prevalent disorders or symptoms in the subsequent analyses.
Unlike the present study, other prospective studies were population-based or conducted
with samples of patients already diagnosed with BD at baseline'® 2% 26, therefore, these
studies could not examine the risk factors for BD development since they already included
BD patients at baseline.

The study of'® is most comparable to our study in terms of design, because their partici-
pants were diagnosed with a depressive disorder at baseline, were followed for 5 years,
and analyses were adjusted for depression severity. However, our study has important
differences. For instance,'® used the life chart and SCAN interviews to identify BD, and
did not exclude prevalent BD patients at baseline. In addition, they only assessed two
personality traits (extraversion and neuroticism), and had a smaller sample size (n = 301).
All in all, our findings corroborate findings from most previous studies and suggest that
low agreeableness is a personality-related risk factor that may predict the development of
a (hypo)manic episode.

There are some limitations to our study. The exclusion of BD patients based on the CIDI
was only possible at the 2-year follow-up because the BD section of the CIDI was not
conducted at baseline. However, during the initial screening for participation, patients
with a clinical diagnosis of BD were excluded, and we also applied a lag-time analysis
which excluded the first 2 years of observation. This resulted in a relatively small sample
of patients who had experienced a (hypo)manic episode. Although the attrition in the
number of participants over 9 years follow-up was limited, drop-out may not have been
at random, leading to potential selective attrition in those with (hypo)manic symptoms
compared with participants from the other group, introducing the risk of survival bias.
In addition, despite the time-lag analysis, diagnoses of BD, cyclothymia, or subsyndromal
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symptoms might have been missed at baseline. Another possible limitation is that the
severity of depression or anxiety disorder at baseline might have influenced the personality
assessment. An earlier analysis of the current NESDA study?” examined the influence
of depressive and anxiety disorders on personality score, as both mood disorders and
the Big Five traits were assessed with a time interval of 4 years. Their results showed
that depressive and anxiety disorders both increased neuroticism scores. Extraversion
and conscientiousness scores were influenced by depressive disorder, but not by anxiety
disorder. Most importantly, agreeableness and openness were influenced by neither.
Moreover, data on the Big Five personality characteristics were available but information
about formal DSM-IV diagnoses of personality disorders was not. Since many participants
suffered from a current mood disorder at baseline, DSM diagnoses of personality disorders
cannot be reliably ascertained. Another limitation is the possibility of construct overlap
between low agreeableness and hypomania, as low agreeableness could be an expression
of over-confidence and following your own goals instead of considering what others want
or need*®. Finally, although we could adjust for the most important confounders, data on
the family history of BD were missing.

In summary, we found that low agreeableness increased the risk of (hypo)manic episodes
and the symptoms thereof. Clinicians must be aware of these personality characteristics
in order to recognize the early signs (usually depression) in patients with depressive and
anxiety disorders. Future prospective studies investigating the relationship between per-
sonality traits and people at high risk for the development of (hypo)mania (e.g., first-line
relatives or offspring of BD patients) are needed to confirm and deepen our understanding
of this relationship. The potential benefit of psychotherapeutic interventions to treat low
agreeableness in patients at risk of BD also warrants further attention.
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Abstract

Introduction

Feelings of anger and irritability are prominent symptoms of bipolar disorder (BD) that
may occur during (hypo)manic, depressive and, especially, during mixed mood states. We
aimed to determine whether such constructs are associated with (the conversion to) BD
in subjects with (a history of) unipolar depression.

Methods

Data were derived from the depressed participants of Netherlands Study of Depression
and Anxiety with 9 years of follow-up. (Hypo)mania was ascertained using the Composite
International Diagnostic Interview at 2, 4, 6, and 9 years follow-up. Cross-sectionally,
we studied the association between prevalent (hypo)mania and anger related constructs
with the "Spielberger Trait Anger subscale’, the ’Anger Attacks’ questionnaire, the cluster
B personality traits part of the 'Personality Disorder Questionnaire’, and ’aggression
reactivity’. Prospectively, we studied whether aggression reactivity predicted incident
(hypo)mania using Cox regression analyses.

Results

Cross-sectionally, the bipolar conversion group (n = 77) had significantly higher scores of
trait anger and aggression reactivity, as well as a higher prevalence on ’anger attacks’,
"anti-social traits’, and 'borderline traits’ compared to current (n = 349) as well as remitted
(n = 1,159) depressive patients. In prospective analyses in 1,744 participants, aggression
reactivity predicted incident (hypo)mania (n = 28), with a multivariate-adjusted hazard
ratio of 1.4 (95% CI: 1.02-1.93; p = 0.037).

Conclusions

Anger is a risk factor for conversion from unipolar depression to BD. In addition, patients
who converted to BD showed on average more anger, agitation and irritability than people
with (a history of) unipolar depression who had not converted.
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3.1 Introduction

Bipolar disorder (BD) is a severe and debilitating mood disorder, characterised by
(hypo)manic and depressive episodes!. Most patients with BD have experienced one or
more episodes of depression prior to the onset of (hypo)mania® ®, and as a consequence
are initially diagnosed with an unipolar depression. Since the treatment for unipolar
depression is different from BD and may instigate (hypo)mania?, earlier detection of a
vulnerability to BD would benefit these patients. Moreover, risk factors for the conversion
to BD may yield anchor points for (psychological) interventions, for early recognition and
appropriate treatment.

Previous studies showed that a parental history of BD, more severe depression, comorbid
psychotic symptoms, childhood trauma and atypical symptoms of depression were risk
factors for a conversion from unipolar to BD? ® 6. Irritability and anger in unipolar
depression appeared to be a robust clinical marker of undiagnosed or subthreshold bipo-
lar disorder, or so-called bipolar spectrum illness™ 8. It is important to examine the
association between anger and BD, because of its impact on the patient and family and
loved ones. Knowing there is an association can help us to target treatment. It is also
important to properly investigate whether experiencing irritability /anger would have
predictive value in the development of BD.

Anger can be divided into feelings and expressions. The feeling of anger involves different
constructs, encompassing: trait- and state anger? '°. Trait anger is defined by the
constant tendency to experience anger upon the slightest provocation. It is a chronic
condition that is intertwined in one’s personality. A high level of anger can be a personality
trait''. State anger is defined as the temporary psychological, emotional feeling at a
particular time and situation that can vary in intensity from mild irritation to intense
fury and rage'?. These angry feelings could lead to the expression of anger including
anger attacks and aggression. Attacks are spells of anger of a sudden surge of autonomic
arousal with symptoms such as tachycardia, sweating, flushing, and a feeling of being
out of control. They are experienced as uncharacteristic and may occur in inappropriate
situations'®. Anger attacks are associated with verbal and physical aggression, which in
turn can cause social avoidance in order to prevent a future anger attack and has certainly
a negative impact on interpersonal relations!*. All emotional states of anger, agitation
and irritability will be referred to as anger in the current paper.

Anger might 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 develop-
ing mood episodes. Most previous studies found cross-sectional associations between
anger and bipolarity!6 17 18 19.20 " In one prospective study (255 BD, 85 non-BP psy-
chopathology and 84 healthy controls) BD patients reported persistently higher scores
on self-report questionnaires on anger and feelings of aggression compared to psychiatric
and healthy controls across a four-year follow-up?'. There are indications that people
with BD show stronger emotional reactivity compared to healthy controls on self-report
questionnaires?? 23, or specifically report more anger and frustration during euthymic
states?® 2%, but contradictory findings have been reported as well?S.
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Emotional instability in BD is often mistaken for comorbid personality disorder, since
this is such a core characteristic of especially cluster B personality disorders. Ecological
momentary assessments (EMA) studies have shown that BD patients in remission report
more overall negative affect?” 28 and more fluctuations in both negative and positive
emotionality compared to healthy controls?®. Earlier cross-sectional studies have found
that some of the symptoms of BD (e.g. irritability, anger and emotional instability)
overlap with personality disorders such as borderline personality disorder and antisocial
personality disorder3% 3!, In total, 44% of patients diagnosed with borderline person-
ality disorder were found to meet strict diagnostic criteria for BD32. Moreover, 55%
of newly diagnosed BD patients (without comorbid personality disorder) showed signs
of juvenile antisocial behaviour in a retrospective study>3. These findings suggest that
borderline and antisocial personality disorders have construct overlap with BD. Especially
affective instability and impulsivity were traits that may link BD to personality disorders>4.

In sum, the majority of the studies have shown a relation between BD and emotional
instability, and specifically of anger, also in stable periods. In the current study, we
investigated whether patients who converted to BD showed more feelings of anger, ir-
ritability and antisocial and borderline personality traits than people with (a history
of) unipolar depression who did not convert. Second, we aimed to determine whether
increased aggression reactivity increases the risk of conversion from depression to BD.
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3.2 Methods

3.2.1 Study sample

Data were derived from the Netherlands Study of Depression and Anxiety (NESDA)
with measurement points at baseline and at the 2-, 4-, 6-, and 9-year follow-up. NESDA
is an ongoing longitudinal cohort study, consisting of 2,981 participants (18-65 years).
Participants were recruited at baseline from community care (19%), primary care (54%),
and specialized mental health care (27%) in the Netherlands. Individuals included in the
NESDA study were participants with current or remitted depressive disorders and/or
comorbid anxiety. The control group consisted of participants without lifetime psychiatric
disorders. Exclusion criteria included (1) the presence of other psychiatric disorders (e.g.,
psychotic, obsessive-compulsive, bipolar, or severe addiction disorder) and (2) not being
fluent in Dutch. Participants gave written informed consent before enrolment, and ethical
approval was granted by all ethical committees of participating universities (VU Univer-
sity Medical Center, Leiden University Medical Center and University Medical Center
Groningen). A detailed description of NESDA is given elsewhere®. Specially trained
research staff administered the diagnostic interviews using the Composite International
Diagnostic Interview (CIDI, version 2.1) to assess remitted or current depressive disorders
and incidents of (hypo)mania which is indicative for BD. In the current study, we analysed
data cross-sectionally and prospectively (with survival analysis).

Cross-sectional analysis sample: data on anger related questionnaires (i.e., trait anger,
aggression reactivity, anger attacks, and personality traits associated with more anger)
were gathered only at the 4™ wave at 4-year follow-up. Therefore, we selected participants
who completed the 4™ wave (n = 2,402; 80.6%) to examine the construct of anger cross-
sectionally. Participants suffering from a remitted and current depressive disorder and
BD patients who converted between baseline and 4 years of follow-up were included. In a
previous NESDA study?3®, healthy controls showed significantly less trait anger and had
lowest prevalence of anger attacks compared with groups of depression with or without
comorbid anxiety disorder. For this reason, healthy controls were excluded in the current
study. Participants with missing data on questionnaires regarding (hypo)manic episodes,
or on one of the anger-related questionnaires were excluded, resulting in a total sample of
1,585 (53.2%) of the 2,981 participants for the cross-sectional analyses (see Flowchart in
Figure 3.1).

Prospective analysis sample: aggression reactivity questionnaire was the only measured
anger related instrument at baseline. Therefore, aggression reactivity was used as the
predictor for incident (hypo)mania during the 9 years of follow-ups. We included 1,744
(58.5%) of 2,981 participants, with remitted or current depressive disorder with at least
one follow-up assessment (Figure 3.1).

3.2.2 Measures

Aggression reactivity. This questionnaire was used in prospective analysis as predictor
and in cross-sectional as one of the anger-related constructs. It was measured with the
aggression reactivity subscale of the Leiden Index of Depression Sensitivity - Revised
(LEIDS-R)3" 38, The LEIDS-R contains 34 items with six subscales. Aggression Reactiv-
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ity is one of these subscales and has six items (e.g. 'In a sad mood, I do more things that
I will later regret’; "When I feel bad, I feel like more breaking things’; 'In a sad mood
I’'m more bothered by aggressive thoughts’; "When I feel down, I more easily become
cynical or sarcastic’; "When 1 feel sad, I do more risky things’; "When feel down, I lose
my temper more easily’). These items measure how people react in a sad mood. Items
are answered on a 5-point Likert scale from 0-4, with total scores ranging from 0-24. The
internal consistency (Cronbach’s alpha) for the aggression reactivity subscale was 0.80 in
the current NESDA sample.

CIDI (hypo)manic episodes. The Composite International Diagnostic Interview (CIDI;
WHO version 2.1) is a comprehensive, fully standardized diagnostic interview to screen
for mental disorders based on DSM-IV criteria. The CIDI was used to assess remitted or
current depressive disorders in the preceding 6 months. Incident cases of (hypo)manic
episodes, which were indicative of BD, were ascertained using the CIDI "bipolar" section.
The CIDI has high interrater reliability, (BDI: x = 0.92, BDIL: x = 0.94)3° and is a valid
instrument (diagnosis of a lifetime BD sensitivity 0.87 and specificity 0.89)40 for yielding
DSM-IV diagnoses.

Trait anger. Trait anger was assessed via the Dutch adaption of the Spielberger State-
Trait Anger Scale (STAS)*! 42 and was gathered at the 4'" wave at 4-year follow-up.
The STAS is divided into two subscales for state and trait anger, whereby only the
latter was administered in the current study. Trait anger is described as anger proneness
as a personality trait*®. The trait anger scale is a 10-item, self-report questionnaire.
Participants score items on a 4-point Likert scale from 1-4. The total sum score ranges
from 10-40. Psychometric properties have shown good item correlations, high test-retest
reliability, and high internal consistency values with Cronbach’s alphas ranging from
0.75 to 0.91%% 42, The internal consistency (i.e., Cronbach’s alpha) in our sample was 0.89.
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Anger attacks. The Anger Attacks Questionnaire!* is a self-rated instrument used to

measure the presence or absence of anger attacks during the previous 6 months. It was
measured at the 4" wave at 4-year follow-up. Anger attacks are sudden spells of anger
inappropriate to the situation, accompanied by irritability, a sense of being out of control,
and autonomic arousal symptoms'#. To define who was experiencing anger attacks, the
following criteria had to be met the previous 6 months: (1) irritability, (2) overreaction
to minor annoyances, (3) inappropriate anger and rage directed at others, (4) incidence
of at least one anger attack within the past month, and (5) presence of at least four or
more of the following symptoms in at least one of the attacks: tachycardia, hot flashes,
tightness of the chest, paraesthesia, dizziness, shortness of breath, sweating, trembling,
panic, feeling out of control, feeling like attacking others, attacking physically or verbally,
and throwing or destroying objects.

Cluster B personality traits. Antisocial behaviour was assessed with the Dutch
adaptation of the Personality Disorder Questionnaire (PDQ-4)** and data was gathered
at the 4'" wave at 4-year follow-up. It was used to identify the key features or possible
presence of a personality disorder. Items included in the PDQ-4 were adapted from
the diagnostic criteria for personality disorders of the Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (DSM-IV) (APA, 1994). In the current study, a
shortened version of the PDQ-4 with 37 dichotomous ("true’/’false’) was assessed. Items
were divided into three subcategories; borderline personality disorder (15 items; e.g. "I
have difficulty controlling my anger or temper"); antisocial personality disorder (8 items;
e.g. "I don’t care if others get hurt so long as I get what I want") and antisocial behaviour
before the age of fifteen (14 items; e.g. "I was considered a bully"). Based on items of
the subscales for borderline and antisocial personality traits the presence or absence of
these symptomatology and characteristics was assessed. The PDQ-4 has a high sensitivity
and moderate specificity (Cronbach’s alpha = 0.97)%%, and a test-retest reliability of 0.674.

Covariates. Sociodemographic covariates were self-reported age, gender, and level of
education (in years). Lifetime DSM IV-based alcohol dependency and abuse and drug
use were assessed using the CIDI. In addition, the severity of depression during the past
week was assessed with the 30-item self-report Inventory of Depressive Symptomatology
(IDS)*". Ttems were scored on a 4-point Likert scale (0-3) with total sum score ranges
from 0 to 84 (only 28 of the 30 items are rated) The IDS had good internal reliability
(Cronbach’s alpha = 0.85). This is a 21-item self-report inventory with an internal consis-
tency (Cronbach’s alpha) of 0.92%8. Comorbid current anxiety use was assessed with CIDI.
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3.3 Statistical analyses

Sociodemographic and clinical characteristics were summarized according to CIDI using
descriptive statistics. Missing values of BMI and smoking status were imputed with the
respective values from the previous wave.

Cross-sectional analyses. The CIDI was used to assess remitted or current depressive
disorders and incident (hypo)manic episodes in the previous two years for cross-sectional
analysis at the 4" wave at 4-year follow-up. Upon completing the CIDI, participants
were categorized into one of the following two psychopathology groups: remitted- and
current depression. In these two groups a number of participants had experienced a
(hypo)manic episode between baseline and 4-year follow-up, thus being classified in the
BD converted group. We used analysis of variance (ANOVA) to compare the mean
levels of the continuous variables trait anger and aggression reactivity, and chi-squared
tests were used to compare the prevalence of the dichotomous variables anger attacks,
antisocial and borderline personality traits among the three psychopathology groups (i.e.,
remitted depression, current depression, converted BD group). Furthermore, analyses
were repeated for marginal means, resulting from adjustment for gender, age, level of
education, alcohol and drugs use, severity of depressive symptoms and comorbid anxiety
disorder using analysis of covariance (ANCOVA) and multivariable logistic regression
analyses, when appropriate. The results of these analyses were presented in forest plots.

Moreover, multivariate linear regression analysis was used to analyse all the individual
items of all the anger constructs (i.e., trait anger, aggression reactivity, anger attacks, and
personality traits associated with more anger). Individual items estimated betas (with
error bars representing 95% CI) were summarized and presented in supplementary forest
plots. These were sorted by the size of each estimated beta for each construct separately.

Prospective analyses. At baseline, patients with a self-reported or with a professionally
reported primary clinical diagnosis of BD were excluded. As the BD section of the CIDI
was not conducted at baseline, we applied a lag-time analysis of 2 years, excluding all
incident cases of (hypo)manic cases based on the CIDI between baseline and 2-year
follow-up. In 1,744 participants, 28 experienced CIDI-confirmed incident (hypo)mania
during follow-up (between 2 and 9 years). Kaplan-Meier analysis was used to examine
the relationship between baseline aggression reactivity and conversion to BD. Hazard
ratios (HR) with 95% confidence intervals (CI) of conversion to BD were estimated by
Cox proportional hazards models. The date of inclusion into the cohort was considered
the baseline for each patient in the survival analysis. The primary endpoint consisted
of all incident cases during the follow-up period, the survival time, and the diagnoses
at each time point (based on the CIDI). All follow-up losses as well as patients who did
not experience a (hypo)manic episode were censored. We estimated three models: (a) a
crude model that did not include any covariates, (b) an adjusted model that included
gender, age, and level of education, and (c¢) a fully adjusted model that also included
alcohol dependency, severity of depression symptoms and comorbid anxiety disorder. We
tested for a linear trend across tertiles of incidents of (hypo)mania.

Multivariable logistic and Cox regression analyses and ANCOVA were performed using
IBM SPSS statistical software (version 25, IBM Corp). The analyses regarding individual
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items and forest plots were computed using the R statistical software, version 3.4.1 (R
Foundation for Statistical Computing, Vienna, Austria, 2016. URL: https://www.r-
project.org/). A two-sided p value was considered statistically significant at the 0.05 level.

3.3.1 ResultsCross-sectional results

Demographic and clinical characteristics on (hypo)manic episodes of wave 4 (at 4 years
follow-up) are shown in Table 3.1. Participants (N = 1,585) were on average 46.3 years old
(SD = 12.6) and 68.8% were female. There were 77 (4.9%) patients who had converted
from unipolar depression to BD based on CIDI during the two through four year waves
(Table 3.1). There were no notable differences found in the sociodemographic between
the groups. Patients with current depressive disorder showed more severe symptoms
of depression compared with the other two groups. The group of converted patients
smoked more often and suffered more from alcohol dependency than the two other groups.
These patients also used more benzodiazepines, selective serotonin reuptake inhibitors
and psychotropic medication compared to other groups.

Significant differences were present in the crude model for all anger constructs among
the 3 groups (all p’s < 0.001). The between differences persisted the adjusted models
in continuous variables (see forest plot in Figure 3.2) with (F (2, 1582) = 8.20, p <
0.001 for trait anger; F (2, 1456) = 5.61, p = 0.004 for aggression reactivity. In the
adjusted models, patients who were converted had the highest marginal mean levels on
trait anger and aggression reactivity in comparison with remitted patients (with a mean
difference; (MD = 1.87, SE = 0.6, p = 0.001) for trait anger, and (MD = 1.76, SE =
0.5, p = 0.001) for aggression reactivity and current depressed patients (MD = 2.35, SE
= 0.6, p < 0.001) for trait anger, (MD = 1.71, SE = 0.6, p = 0.002) for aggression reactivity.

Results of adjusted analysis in categorical variables (see forest plot in Figure 3.3) were
also significant with x2 (2) = 4.55, p = 0.041 for anger attacks; x2 (2) = 5.12, p = 0.02
for antisocial personality traits; and x2 (2) = 10.41, p = 0.001 for borderline personality
traits. Furthermore, the converted group also had the highest prevalence of anger attacks
(22.1%), antisocial personality traits (9.1%) and borderline personality traits (36.4%)
compared to those with remitted and current depression.

Results of the individual items of constructs (Supplementary Figures 3.5-3.9) with es-
timated betas and 95% CI show that anger attack items measuring physical sensation
and anger items were most strongly associated with (hypo)mania. Moreover, almost all
the items of PDQ borderline personality disorder-subscale were statistically significantly
associated with (hypo)mania, and were more prominently associated than the other anger
constructs. It was also notable that specifically the items that measure impulsiveness
were strongly associated, rather than items that measure anti-sociability such as bullying
or harming other people.
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3.4 Prospective results

Baseline characteristics are summarized in Table 3.1. The subjects at baseline (n = 1,744)
were on average 42.5 years of age (SD = 12.6) and were predominantly female (68.3%).
The sample consisted of 560 (29.7%) patients with remitted depressive and/or anxiety
disorder and 1.328 (70.3%) patients with a current depressive and/or anxiety disorder.
Based on CIDI 28 cases of (hypo)manic episodes were identified, signalling conversion to
BD, from 2 through 9 years of follow-up. Relatively smaller number of incident cases of
(hypo)mania in prospective analysis compared with cross-sectional analysis (28 versus
77) is due to the exclusion of all the cases between baseline and 2 years of follow-up
in prospective analysis in order to exclude all prevalent cases from the prospective analysis.

Kaplan-Meier analysis of survival with the incident (hypo)manic episode as outcome
showed that patients with higher levels of aggression reactivity had higher conversion
rates compared to patients with lower levels of aggression reactivity (Figure 3.4). This
association is also displayed in Table 3.2; showing that, compared to patients in the lower
tertile of aggression reactivity (low is reference with HRs of 1 and intermediate with
HRs of 1.34), those in the top tertile had a higher rate (HRs of 4.63) of incident cases of
(hypo)mania. In the fully adjusted model, aggression reactivity was a significant predictor,
with an HRs 1.4 (95% confidence interval, 1.02-1.93; P = 0.037) per 1-SD increase in
aggression reactivity.
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3.5 Discussion

The purpose of this study was first to examine the association of different constructs
of anger with BD; and second to determine the predictive role of aggression reactivity
in conversion to BD. Our study demonstrated a strong and consistent finding in the
prospective as well as in the cross-sectional analyses. We found that higher levels of anger
in all its variants were consistently associated with bipolarity versus those with (a history
of) unipolar depression. Secondly, we found that aggression reactivity was predictive of
conversion to BD.

Cross-sectionally, all the different constructs of anger and affective instability (i.e., trait
anger, aggression reactivity, anger attacks, and personality traits associated with more
anger) showed consistent associations, with the strongest association and highest preva-
lence in the converted group in comparison to the remitted and current depression groups.
These results were in line with previous findings showing that BD patients scored higher
on anger-related measures?® 24 in comparison to unipolar depressed groups.

Regarding our prospective findings, we found that aggression reactivity was a risk factor
for the conversion to BD in persons with (a history of) unipolar depression. Although two
earlier prospective studies?™ 24 showed that feelings of anger were more frequent during
the follow-up waves in BD patients in comparison with subjects with other psychiatric
disorders and healthy controls, we are not aware of previous studies that examined the
predictive value of an anger construct in relation to conversion to BD.

Affective instability and dysregulation in general seem to be distinctive factors for BD
compared to unipolar depression in the current sample, since our results show that both
antisocial- and borderline personality traits were more prevalent in the BD conversion
group than in the currently depressed and remitted unipolar depression group. Results
were most striking for the borderline traits, which is in line with previous findings showing
that emotional instability is a core characteristic in both BD and borderline personality
disorder.3? suggest that the current classification may fail to differentiate between the
two disorders considering the complexity and heterogeneity within these patient groups
and that perhaps borderline and bipolar might be the two extremes of the same spec-
trum?>2. Additionally, a longitudinal study showed that comorbid borderline and antisocial
personality traits predicted the risk of aggression in BD, while controlling for potential
confounding factors*®.

Whether emotion regulation problems are more characteristic for BD than unipolar de-
pression is unclear, since the few studies into this topic had contradicting results®® 5. We
might carefully conclude, based on the current and previous findings, that especially anger
and aggression dysregulation are the most distinct affective characteristics for BD when
compared to unipolar depression. One important explanation for this finding might be
the occurrence of mixed mood states. Although results are not fully conclusive, agitated
depression or mixed depression (i.e., depressed episodes with the simultaneous presence of
several manic symptoms, like irritability) in unipolar depression might be one of the early
signs of conversion to BD since mixed episodes are more prevalent in BD®2. However,
it is unclear to what extent the current and previous findings are associated with the
increased occurrence of mixed mood states in BD patients.
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Another potential explanation for the more distinct problems in regulation of anger in BD
patients compared to unipolar depression patients might reside in differences in emotion
regulation styles. Although most dysfunctional emotion regulation styles are comparable
between BD and unipolar depression patients (e.g., rumination and catastrophizing)®3: 54
there are indications for important differences. Both on the cognitive and behavioural
levels, BD patients seem to have the tendency to upregulate activated mood states. For
instance,”® showed that positive appraisal about activated states predicted BD (in a
sample with BD, unipolar depression and healthy controls). BD patients also seem to
have more extreme positive self-relevant appraisals of the feelings of activation than
healthy controls and unipolar depressed patients®® °7. Additionally, at least a subgroup
of the bipolar patients are more likely to engage in stimulating and activating behaviour
(that potentially induces a (hypo)manic episodes). Although previous studies focussed
specifically on activated states such as happiness or euphoria, anger can also be considered
as an activated mood state as well.

Feelings of anger might be an important target for early recognition of illness and interven-
tion in BD. Increased feelings of anger in unipolar patients in combination with some other
known clinical characteristics such as multiple brief depressed episodes, a lack of response
to antidepressants, a family history of BD®® might help to signal an upcoming conversion
to BD. In addition, agitated affective states in BD patients deserve attention for its own
sake, as these may have negative consequences for their quality of life and that of their
loved ones®. Since BD patients experience extensive emotional instability even during
euthymic states'® and seem to use maladaptive strategies®, it is important that they
learn to regulate such feelings in an appropriate way. Psychotherapy, social therapy, and
group-oriented approaches can help BD patients to prevent decompensation and to develop
healthier social relationships. Other treatment strategies that may especially be apt to
improve emotion regulation are dialectical behaviour therapy (DBT) and Systems Training
for Emotional Predictability and Problem Solving (STEPPS) program, which is based
on cognitive behavioural therapy combined with emotional management skill training®': 62,

One of the strengths of this study is its longitudinal design and the inclusion of a large
group of participants that oversampled patients with (preceding) depression. This is
the first study that investigated prospectively the predictive value of feelings of anger
in conversion to BD. In addition, this is the first study that examined five different
constructs of anger in relation to BD, with strong and consistent findings. There are also
limitations that need to be addressed. First, the primary focus of this prospective cohort
study on unipolar rather than bipolar depression resulted in a relatively small sample of
patients who experienced a (hypo)manic episode during follow-up. Second, even though
we adjusted for potential confounders, a family history of BD was not assessed and could
not be included as cofounder. Third, the current use of antipsychotic medication and
mood stabilizers might have had a dampening effect on anger and aggression, leading
to an underestimation rather than an overestimation of our results. However, the group
taking these medications was fairly small. Lastly, participants who dropped out or missed
scales at follow-ups had probably higher risk of anger or irritability. Exclusion of this
specific group might have led to underestimation of our results.

We can conclude that aggression reactivity is a robust risk factor for the conversion from
unipolar to bipolar disorder. In addition, patients who had experienced (hypo)mania (and
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thus had converted to BD) showed more feelings of anger in comparison with unipolar
depressive patients. Identifying the potential risk factors for the development of BD might
have clinical value in earlier recognition, prevention of conversion into mania, and better
targeted interventions.
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3.6 Supplementary Figures & Tables

Trait Anger
ltem Beta (95% CI) P-value
7. Saying nasty things 0.065 (0.017;0.112) —— 0.008
1. Quick tempered 0.058 (0.011; 0.106) —— 0.017
5. Hot-tempered 0.057 (0.010; 0.105) —— 0.018
2. Fiery temper 0.053 (0.005; 0.100) —— 0.030
3. Hotheaded person 0.050 (0.002; 0.097) —— 0.041
9. Easily irritated 0.045 (-0.003; 0.093) —e— 0.064
4. Offended easily 0.035 (-0.013; 0.083) —a 0.151
6. Loose self-control 0.032 (-0.016; 0.079) —— 0.188
8. Furious when criticized 0.009 (-0.038; 0.056) — 0.714
10. Infuriated after poor evaluation 0.007 (-0.040; 0.055) —— 0.765

02 -01 0 041 02 03
Beta—coefficient (z—value, 95% ClI)

Supplementary Figure 1: Associations of individual items of trait anger estimated beta
with 95% CI (represented by error bars of those converting to BD versus those with
remitted unipolar depression). Analyses were adjusted for gender, age and level of
education.
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Aggression reactivity

Item Beta (95% CI) P-value
26. Take more risk 0.081 (0.033; 0.129) —e 0.001
18. Feel like breaking things 0.063 (0.015; 0.110) —— 0.010
22. Feel cynical/sarcastic 0.062 (0.015; 0.110) — 0.011
21. Aggressive thoughts 0.057 (0.010; 0.105) —— 0.019
7. Impulsiveness 0.053 (0.005; 0.100) —— 0.030
29. Lose temper easily 0.031 (-0.017; 0.078) — 0.211

—6.2 —6.1 (I) Oj1 O.I2 0.I3
Beta—coefficient (z—value, 95% CI)

Supplementary Figure 2: Associations of individual items of aggression reactivity
estimated beta with 95% CI (represented by error bars of those converting to BD versus
those with remitted unipolar depression). Analyses were adjusted for gender, age and
level of education.
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Anger Attacks
Item Beta (95% Cl) P-value
10. Shortness of breath 0.176 (0.067; 0.285) —_— 0.002
6. Hot flashes 0.161 (0.049; 0.274) —_— 0.005
8. Paresthesia 0.143 (0.030; 0.256) —_— 0.013
12. Trembling 0.140 (0.027; 0.252) _— 0.015
9. Dizziness 0.119 (0.007; 0.231) — 0.039
7. Chest Tightness 0.115 (0.004; 0.227) —— 0.043
11. Sweating 0.109 (-0.002; 0.221) —_— 0.056
16. Attacking pysically/verbally 0.101 (-0.012; 0.215) o — 0.080
14. Feeling out of control 0.099 (-0.013; 0.211) —_—— 0.084
3. Anger attacks 0.093 (0.046; 0.141) —— 0.000
15. Feeling like attacking others 0.087 (-0.027; 0.200) —_— 0.135
1. Easily angry 0.080 (0.032; 0.128) —— 0.001
17. Throwing/destroying objects 0.057 (-0.056; 0.169) e 0.327
5. Tachycardia 0.052 (-0.061; 0.165) —_— 0.367
2. Overreact 0.043 (-0.005; 0.091) —. 0.078
13. Panic 0.017 (-0.096; 0.131) — 0.767
4. Number of anger attacks —-0.058 (-0.172; 0.056) . S 0.317

—6.2 —6.1 0 0j1 0.I2 0:3
Beta—coefficient (z—value, 95% CI)

Supplementary Figure 3: Associations of individual items of anger attack estimated beta

with 95% CI (represented by error bars of those converting to BD versus those with
remitted unipolar depression). Analyses were adjusted for gender, age and level of
education.
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Borderline personality traits

ltem Beta (95% ClI) P-value
69. Dull and meaningless life 0.116 (0.068; 0.165) —— 0.000
6.  Separation anxiety. 0.100 (0.051; 0.149) —— 0.000
32. Self-identification 0.099 (0.051; 0.148) —— 0.000
19. Either love or hate 0.076 (0.028; 0.124) — 0.002
47. Physical fights 0.075 (0.027; 0.124) — 0.002
58. Moody 0.072 (0.023; 0.121) — 0.004
98A. Spend too much 0.063 (0.014; 0.111) — 0.012
93. Paranoid or black out 0.052 (0.003; 0.100) — 0.038
98D. Taking drugs 0.049 (0.000; 0.098) —— 0.050
45. Self-harm 0.034 (-0.015; 0.083) —— 0.174
98B. Sex with poeple | hardly know 0.023 (-0.026; 0.072) —— 0.356
98E. Eating binges 0.015 (-0.034; 0.064) —— 0.552
98C. Drinking too much -0.007 (-0.056; 0.042) —— 0.776
78. Difficulty controlling anger -0.008 (-0.056; 0.041) —— 0.763
98F. Reckless driving -0.023 (-0.072; 0.026) — 0.366

—(').2 —(').1 0 of1 Oj2 0.'3
Beta—coefficient (z—value, 95% CI)

Supplementary Figure 4: Associations of individual items of borderline personality traits
estimated beta with 95% CI (represented by error bars of those converting to BD versus
those with remitted unipolar depression). Analyses were adjusted for gender, age and
level of education.
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Item

99N.
99J.
99L.

99M.

99K.

990.

75.
8.

20.
94.

*Skipping school
*Stole things
*Destroyed property
*Ran away from home
*Set fires
*Broke in
Enjoy risky things
Trouble with law
Physical fights
Insensitive to harm others

99I. *Stayed out at night

33.
59.
46.
99A.

99G.

99B.
99D.
99H.
99E.
99C.
99F.

Financial instability

Lying

Impulsive
*Bullied others

Sexually abused others
*Started fights
*Robbed or mugged
*Lied
*Physically cruel to people
*Used a weapon in fights
*Physically cruel to animals

Antisocial personality traits

Beta (95% Cl)

0.176 (0.067; 0.285)
0.161 (0.049; 0.274)
0.143 (0.030; 0.256)
0.119 (0.007; 0.231)
0.115 (0.004; 0.227)
0.109 (-0.002; 0.221)
0.105 (0.056; 0.154)
0.079 (0.030; 0.127)
0.071 (0.022; 0.119)
0.059 (0.010; 0.107)
0.052 (-0.061; 0.165)
0.040 (-0.009; 0.089)
0.015 (~0.034; 0.064)
0.013 (~0.036; 0.062)
-0.026 (~0.075; 0.023)
-0.031 (-0.078; 0.017)
-0.053 (-0.100; -0.005)
-0.057 (~0.105; -0.010)
-0.058 (-0.172; 0.056)
-0.062 (~0.110; -0.015)
-0.063 (~0.110; -0.015)
-0.081 (~0.129; -0.033)

-02 -01 O 01 02 03
Beta—coefficient (z—value, 95% ClI)

P-value

0.002
0.005
0.013
0.039
0.043
0.056
0.000
0.002
0.004
0.018
0.367
0.112
0.542
0.609
0.304
0.211
0.030
0.019
0.317
0.011
0.010
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Supplementary Figure 5: Associations of individual items of antisocial personality traits
estimated beta with 95% CI (represented by error bars of those converting to BD versus
those with remitted unipolar depression). Analyses were adjusted for gender, age and

level of education.
*Childhood antisocial personality traits.
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Abstract

Background

The coronavirus disease 2019 (COVID-19) pandemic interfered in the daily lives of peo-
ple and is assumed to adversely affect mental health. However, the effects on mood
(in)stability of bipolar disorder (BD) patients and the comparison to pre-COVID-19
symptom severity levels are unknown.

Method

Between April and September, 2020, symptoms and well-being were assessed in the Bipolar
Netherlands Cohort (BINCO) study of recently diagnosed patients with BD T and II.
The questionnaire contained questions regarding manic and depressive symptoms (YMRS
and ASRM, QIDS), worry (PSWQ), stress (PSS), loneliness, sleep, fear for COVID-19,
positive coping, substance use. As manic, depressive and stress symptoms levels were
assessed pre-COVID-19, their trajectories during the lockdown restrictions was estimated
using mixed models.

Results

Of the 70 invited BD patients 36 (51%) responded at least once (mean age of 36.7 years,
54% female, and 31% BD type 1) to the Covid-19 assessments. There was a significant
increase (X2 = 17.06; p = 0.004) in (hypo)manic symptoms from baseline during the first
COVID-19 wave, with a decrease thereafter. Fear of COVID-19 (X2 = 18.01; p =0.003)
and positive coping (X? = 12.44; p = 0.03) were the highest at the start of the pandemic
and decreased thereafter. Other scales including depression and stress symptoms did not
vary significantly over time.

Conclusion
We found a meaningful increase in manic symptomatology from pre-COVID-19 into the
initial phases of the pandemic in BD patients. These symptoms decreased along with fear
of COVID-19 and positive coping during the following months when lockdown measures
were eased.
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4.1 Introduction

By the beginning of 2020, the coronavirus disease 2019 (COVID-19) outbreak started to
spread around the world. In order to contain the virus, drastic measures were needed
that interfered in the daily lives of people. The threat of the disease itself and the
disruptive daily-life consequences of lockdown measures appear to have significant impact
on mental well-being. Previous research on the effects of quarantines (non-COVID-19
related) showed significant negative psychological impact on the general population (e.g.
post-traumatic stress, frustration, anger, fear and boredom)!. Preliminary studies on the
effects of COVID-19 lockdowns reported adverse changes in sleep patterns and decreased
quality of sleep?. Internet-searches on topics such as boredom, loneliness, worry and
sadness increased drastically, suggesting that mental health is affected by the measures>.
Additionally, in an online survey among 1,210 healthy respondents, 55% experienced
a moderate to severe psychological impact, and 17% and 29% reported depressive and
anxiety symptoms, respectively. Most respondents were worried about family members
becoming infected (75%) and spent 20-24 h per day at home (85%). Women and those

with physical symptoms and poorer health had higher anxiety and depression®.

Because of these reported negative effects on the general population, several concerns
have been raised regarding its effects on patients with psychiatric disorders®. There are
indications that people with higher symptom levels of depression, anxiety and stress symp-
tomatology suffer most from the lockdown measures?. People suffering from psychiatric
disorder were found to be more severely impacted by the pandemic than healthy controls
and reported (cross-sectionally) more severe increases of stress-related symptomatology
like depressed mood, anxiety, and sleep problems®.

Among people suffering from psychiatric disorders, a specifically vulnerable group to the
effects of the COVID-19 measures might be patients suffering from bipolar disorder (BD),
a specifically vulnerable group to the effects of the COVID-19 measures might be patients
suffering from bipolar disorder (BD), especially because major life events are consistently
identified as triggers for mood instability in BD”. Obviously a pandemic is not comparable
to major life events such as the loss of a close relative, getting married or moving house.
Natural disasters might be comparable to only some extent, in which the current pandemic
disrupts daily lives of almost all citizens. Although the influence of a pandemic on patients
with BD is unknown, a previous study on the effect of the Fukushima disaster already
showed that a major life event could specifically exacerbate symptoms of BD, especially
manic symptoms (and did not lead to increase in symptomatology in other psychiatric
disorders)®. In case of the COVID-19 pandemic, the lockdown measures seemed to
interfere specifically with factors that are essential for bipolar mood stability, affecting
social rhythm and sleep. This may induce a relapse into both depression and (hypo)mania
(see reviews by 19, A study into the effect of a natural disaster (earthquake) on bipolar
and schizophrenic patients, showed that both groups reported less social support and
more avoidance!!. Recent cross-sectional studies have shown that COVID-19 pandemic
was associated with a higher frequency of depressive episodes and alterations in biological
rhythm in patients with BD'? 13 14 These studies found associations lockdown measures
and depression severity and alterations in biological rhythm including impaired sleep,
activity and social rhythm!2, with a potential increased effect on BD patients compared
to unipolar patients and healthy controls'®. The later study was extended with verified
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BD diagnoses (N=43) and the findings revealed relatively mild (mostly non-significant)
pandemic-related depressive mood symptoms, which was ascribed to some development
of resilience'3. Finally, in an observational prospective study on affective disorders that
included BD (N = 194) a low impact of Covid-19 on mental health was found'®, similar
to our findings. In order, to effectively weigh the impact of the COVID-19 outbreak,
comparison of pre-COVID-19 and post-COVID-19 severity levels is needed. Only few
studies to date have been able to study the mental health impact of the COVID-19 using
such a design. One of those studies showed that patients with and without depressive,
anxiety, or obsessive-compulsive disorders experienced an adverse impact on their mental
health from the COVID-19 pandemic. Yet, those with the highest burden of mental illness
tended to show no increase or even a slight symptom decrease!®. We are aware of only
two studies of the impact of COVID-19 in patients with BD, that compared prepandemic
symptom levels to post-pandemic levels. In the study by Orhan et al. (2020)'" among
older (over age 50) patients with BD comparable results with the study we previously
mentioned were found: no worsening of symptom levels were observed among these
patients. Actually symptom levels significantly decreased among these patients. They
did find that passive coping and loneliness were associated with symptom increase. The
results of a 1 month prospective study'® showed that BD patients were more affected
by the lockdown restrictions with regard to life impact changes in biological and social
rhythm, income and employment and pandemic stress compared to healthy controls.
Interestingly, the healthy control group showed an increase in depressive symptom severity
during the pandemic when compared to pre pandemic scores, whereas BD patients did
not show a significant change in symptom severity.

The current study longitudinally investigates the effect of COVID-19 measures in the
Netherlands in an existing cohort of recently diagnosed and relatively young adults with
BD, who were followed from the first months of the Dutch lockdown restrictions, into
the period in which measures were temporarily eased. Of all participants pre-pandemic
data on symptom levels and perceived stress is available. The aim of the study is to
investigate the mental health impact of the pandemic in bipolar disorder patients in
terms of symptoms levels, loneliness, worry, stress and specific COVID-19 related factors
(e.g., fear of COVID-19, coping). We additionally investigate whether specific factors are
related to an increase in manic and depressed symptomatology.
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4.2 Materials and Methods

4.2.1 Participants

Patients from the Bipolar Netherlands Cohort (BINCO) study were enrolled in the current
study. This is a Dutch cohort in which recently diagnosed (< 1 year) bipolar I and II
patients are included from different mental health outpatients clinics in the Netherlands.
Clinical data such as mood status and received treatment are collected every half year;
cognitive function, lifestyle factors, psychological characteristics, genetic, neuro-imaging,
endocrine and immune status are assessed at baseline and after 1 year. Of the 70 pa-
tients that were enrolled in the study, 36 were willing to participate in the current substudy.

The group included (n=36) is compared with the group of subjects who did not participate
(n=34) in this substudy. There were no significant differences in age, gender, type of BD,
mania (YMRS) and depression (QIDS) total scores between these two groups at baseline.

4.2.2 Procedure

This is an ecological add-on study to BINCO which was approved by the medical ethical
committee of the Leiden University Medical Centre. We aimed to observe the incidence
of mood change during the current COVID-19 epidemic in the Netherlands. After verbal
agreement to participate in the study, participants received the first online questionnaire.
Because no face to face contacts were allowed during this period, participants signed
informed consent in the online questionnaire. Subsequently, they received a repeated
online questionnaire every month, with an additional telephone interview. In total, there
were 6 repeated measurements (timepoint 1 [T1] to timepoint 6 [T6]), starting from April
2020 when the first lockdown in the Netherlands started, into October when the second
corona wave started. During the summer (July and August) there was a break and there
were no measurements. Supplemental Figure 4.2 gives an overview of the timing of the
measurements in relation to the COVID-19 pandemic in the Netherlands, and its related
lockdown measures. During the initial months of the pandemic, the most strict measures
came into effect by the midst of March 2020, when schools, universities, day-care, bars,
restaurants and other public places were closed. Most working people were only allowed
to work from home, and clear restrictions were set on social gatherings inside and outside
people’s homes. Also, mental health care was mainly delivered through telephone- or
video consultations. The Dutch measures were slightly less strict compared to other
Furopean countries, since people have been advised to stay at home, but were still allowed
to go outside as long as 1.5 meter (5ft) social distance was maintained. Nevertheless, the
measures had a significant impact on daily lives of people.

The response rate was good for the majority of the follow-up measurements, with a
relatively low response on T5: T1: 92% (N=33), T2: 83% (N=30), T3: 83% (N=30), T4:
67% (N=24), T5: 33% (N=12), T6: 78% (N=28).
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4.2.3 DMaterials

The Composite International Diagnostic Interview (CIDI) 2.1 Lifetime Dutch version
(Section E, depression, Section F, mania) was used to confirm bipolar diagnosis in the
BINCO sample at pre-COVID-19 baseline. The assessment of the CIDI was not part of
the current COVID-19 procedure.

The following measurements were repeatedly assessed in this substudy.

Corona specific questionnaires

To assess Corona-related information we composed a brief questionnaire containing 4
subgroups of items: fear of COVID-19 (six items; Cronbach’s a= -81), positive coping
(six items; a= -79), sleep disturbance (three items, o= -60) and alcohol use and smoking
(two items, a= -70). This questionnaire was adapted from another recent study into the
effects of COVID-19 on psychiatric patients'S. Answer categories were on a 5-point Likert
scale: 1 (completely disagree) to 5 (completely agree). A complete listing of the items is
given in supplementary Table 4.2.

Questionnaires on psychological well-being

DEPRESSED SYMPTOMS

The 16 items Quick Inventory of Depressive Symptomatology (QIDS-SR)!'Y was used to
repeatedly assess symptoms of depression in the past two weeks. The QIDS-RS question-
naire was previously completed at baseline (prepandemic) and during the 6 follow-up
measurement during the pandemic. The questionnaire covers the 9 DSM 5 criteria of
depression and has good internal consistency, also for the Dutch translation (Cronbach’s
alpha > .86)2°. Cronbach’s alpha in the current study was 0.82.

MANIC SYMPTOMS

In order to assess (hypo)manic symptoms both the clinician-rated, 11-item Young Ma-
nia Rating Scale (YMRS)?! and the 5-item self-report Altman Self-Rating Mania Scale
(ASRM)?? were used.

The YMRS was assessed at baseline (prepandemic) and 5 times during the follow-up
measurement by brief telephone interviews. The items are scored based on the patient
report and the clinical impression by the interviewer. The YMRS has good inter-rater
reliability (r=.93)2! which has been confirmed for the Dutch translation?3. Internal
consistency (Cronbach’s alpha) in the current sample was .85.

The ASRM is a five item self-report measure of current (hypo)manic symptoms?2. Total
scores of > 6 indicates a high probability of a manic or hypomanic state. The question-
naire has good internal consistency (Cronbach’s alpha=.79). It has the ability to detect
hypomania or mania with a sensitivity of .85 and a sensitivity of .87%2. The Dutch version
has not yet been validated.
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LONELINESS (DEJONG Q)

For the assessment of loneliness the 6-item Jong Loneliness Scale-short version (DeJong Q)
was used. This questionnaire assesses social (e.g. number of relationships) and emotional
loneliness (e.g. aspired relationships) on a 3-point scale (no, more or less, yes), resulting in
a minimum score of 0 and a maximum score of 12. The short version has good test-retest
reliability, ranging between r=.81 to r=.95 in different samples?*. Internal consistency of
the scale in the current sample was .72.

WORRY (PSWQ)

To assess changes in the reported amount of trait worry the Penn State Worry ques-
tionnaire (PSWQ)?® abbreviated 11-item version was used?®. The Dutch translation
has good internal consistency in clinical samples (> 0.83) (Cronbach’s alpha)?™ 28, The
questionnaire assesses pathological worry and its characteristics on a 5-point Likert scale.
Internal consistency of the Worry questionnaire in the current sample was .91 (Cronbach’s
alpha).

PERCEIVED STRESS (PSS)

The perceived Stress Scale 10-item short version”, was used to measure changes in the
amount of stress patients subjectively experienced in the past two weeks. This question-
naire was completed at baseline (prepandemic) and during the 6 follow-up measurement
during the pandemic. The questionnaire measures the extent to which respondents
consider their lives to be unpredictable, uncontrollable and overloaded (e.g. in the last two
weeks, how often have you felt nervous and ’stressed’/been able to control your irritations,
etc.) on a 5-point Likert scale. The scale has good internal consistency (Cronbach’s
alpha = .82)3%. In current sample the internal consistency of this questionnaire was 0.86
(Cronbach’s alpha). The questionnaire has been validated in numerous languages, but
the Dutch version has not yet been validated?!.

29
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4.2.4 Statistical Analyses

Baseline characteristics and sociodemographic were summarized as means (with standard
deviations [SD]) for continues variables and as numbers for proportions for categorical
variables. We considered a p-value less than .05 statistically significant. We averaged
assessments of the baseline and one year assessments for the YMRS, QIDS and PSS
severity scores that took place in 2017 and 2019 to yield the pre-COVID-19 severity levels
among the 36 participants.

We used exploratory factor analysis (EFA) with Principal Axis Factoring and oblique
rotations (i.e., Oblimin) to examine dimensionality of COVID-19-specific questionnaire.
Four dimensions were determined based on the screeplot, evaluation of Eigenvalues (>1
indicates a distinct dimension), factor loadings, and conceptual plausibility. The four
dimensions in the COVID-19 specific items were labelled as fear of COVID-19, positive
coping, sleep disturbance and alcohol use and smoking. See supplement Table 4.1 for a
list of the items and the factor loadings. One item about intensively following the COVID-
19 news was omitted because it had factor loading of 0.25 or less on all the four dimensions.

In order to assess the changes in symptoms of depression, (hypo)mania, worry, perceived
stress and loneliness before and during the COVID-19 pandemic the marginal mean scores
were estimated for each wave. At baseline, the sum scores of QIDS, YMRS and PSS were
also available. In addition to these questionnaires; ARSM, PSWQ, DeJong Q and scores
of the 4 symptom dimension scales were assessed during the COVID-19 pandemic. Mixed
models were used to compare marginal mean scores before and during the pandemic on
symptom scales. All models were adjusted for age, gender, and the level of education.

Additionally, using linear regression analysis, we investigated whether age, gender, type
of bipolar disorder and the four dimension scales of COVID-19 questionnaire predicted
the course of depression or (hypo)manic symptoms. For this analysis all predictor vari-
ables were standardized in order for easier comparison of effect sizes among the different
predictors. We tested for the interaction term of time * predictors , in order to explore
whether some variables predicted for a stronger linear increase over time in mania (YMRS)
or depressive symptomatology (QIDS, with time as a continuous variable). Finally, to
compare the in- and out-strengths of each of the 10 scale scores, we applied dynamic time
ward (DTW) analyses of the time-series of 20 BD patients with 4 or more assessments
during their trajectories®?. The DTW distance between each pair of scale score was
calculated (i.e., 40 distances per individual, for each of the 20 patients). In order to assess
the direction of the effect a asymmetric window type was used with the size of the time
window of 1 (so only 1 assessment afterwards was taken into account). The descriptive
analysis and EFA were done in SPSS version 22. We used packages in R (version 3.6.0) for
linear regression, mixed models (package lme4’, version 1.1-21, and ’emmeans’, version
1.4.3.01), for DTW analyses (’dtw’, version 1.21-3), and for figures (*forestplot’, version
1.9).
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4.3 Results

4.3.1 Sample characteristics

Basic demographic and clinical characteristics of the sample (N = 36) are summarized in
Table 4.1. The included subjects had a mean age of 36.7 (SD = 12.6) years and 44% were
male. Two third of the participants were diagnosed with bipolar disorder type 1T (68.6)
and had no partner (60.6%). At baseline, QIDS score was 11.2 (SD = 6.4), indicating
moderate depressive symptoms and YMRS was 3.3 (SD = 3.8) indicating a low average
severity of mania symptoms.

4.3.2 Changes in (hypo)manic, depressed and stress-related symp-
tomatology before and during the COVID-19 pandemic

Figure 4.1 depicts average marginal mean levels over time of the three symptom scores
(i.e., QIDS, YMRS and PSS) before and during the pandemic. Results of the mixed
models analyses showed significant changes (X? = 17.06; p = 0.004) in manic symptoms
(YMRS) from baseline (prepandemic) into the COVID-19 pandemic period. Compared
to pre-COVID-19 levels manic symptoms increased significantly during the first two
time points (T2 and T3 between April and May), which coincides with the most strict
lockdown measures in the Netherlands. Mania severity decreased significantly from T2 to
T3 (end of May) and stayed stable from that time point onwards. Self-reported manic
symptoms (ASRM) were only measured during the COVID-19 pandemic (no pre-pandemic
data available). Self-reported (hypo)mania on the ASRM indicate an overall clinically
significant (hypo)manic state (mean > 6), from April until June. No significant changes
over time were found.

The depression symptoms (QIDS) showed a reverses trend, with symptoms decreasing
at the beginning of the pandemic compared to baseline (prepandemic) and increasing
back to baseline level during the summer, when lockdown measures were eased down.
However, depressive symptom changes do not vary significantly over time, and overall
mean symptom levels remain relatively mild both before and during the pandemic. No
significant change from baseline into the pandemic was found for reported perceived stress
among the bipolar patients.

4.3.3 Changes in COVID-19 related symptoms, loneliness and
worry during the pandemic

Results of the four dimension scales of COVID-19-specific questionnaires (see Figure 4.1)
showed significant changes in fear of COVID-19 (X2 = 18.01; p =0 .003) and positive
coping (X% = 12.44; p = 0.03) during the pandemic. In the beginning of the lockdown
in April the fear of COVID-19 was the highest and it decreased significantly during the
crisis. Positive coping showed the same trend, it was highest in the beginning of the crisis
and it significantly decreased during the pandemic.
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Table 4.1: Baseline sociodemographic characteristics in 36 participants with bipolar
disorder.

No. (%) or median (P25-P75) or
mean (SD) (N=36)

Sociodemographic characteristics:

Male, sex 16 (44.4%)
Age; mean (SD) 36.7 (12.6)
Level of education:

- Primary 2 (5.6%)

- Secondary 14 (38.9%)

- Higher 20 (55.6%)
Current smoker 12 (34.3%)
Alcohol use

- none 13 (37.1)

- 1-4 units per month 15 (42.9)

- > 4 units per week 2 (5.7)

- a history of alcohol use 4 (11.4)
Drugs abuse 5 (14.3)
Marital status

- No partner 20 (60.6%)

- With partner (not married) 4 (12.1%)

- Married 6 (18.2%)

- Divorced 3 (9.1%)
Children (yes) 12 (37.5%)
Clinical characteristics:

Bipolar disorder type 1 11 (30.6%)
Age of onset; mean (SD)

Age of onset first (hypo-) mania 22.9 (7.2)
Age of onset first depression 20.4 (8.5)
Age of onset disease 18.9 (7.5)
Number of episodes:

- No. of (hypo)manic episodes; median 4 (2, 13)
(P25-P75)

- No. of depressive episodes; median 7 (6, 14)
(P25-P7s5)

QIDS baseline; mean (SD) 11.2 (6.4)
YMRS baseline; mean (SD) 3.3 (3.8)
Medication use baseline:

- Lithium 20 (57.1%)

- Anti-epileptics 4 (12.5%)

- Anti-psychotics 10 (28.6%)

- Benzodiazepines 5 (15.6%)

- Antidepressants 8 (25.0%)
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Figure 4.1: Trajectories of marginal mean symptom severity scores before and during the
COVID-19 pandemic of symptoms of (hypo)mania (YMRS), depression (QIDS), and
perceived stress (PSS). Trajectories of marginal mean scores of COVID-19 related
symptoms (fear of COVID, positive coping, sleep disturbances, alcohol use and smoking),
loneliness (DeJong Q), worry (PSQQ) and self-reported (hypo)mania on the ASRM
during the pandemic. The number of included participants per wave are shown, and the
size of each box is proportional to the number of subjects. Error bars represent standard
errors. P-values by multilevel linear (mixed) models for the effects of time.
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No significant mean changes over time were found for the COVID-19 specific scales of
sleep disturbances, and alcohol use and smoking and for worry, and loneliness. Worry
levels are were consistently high (mean > 32) during the pandemic. We have repeated
the analysis while removing T5 from the analyses, which resulted in similar significance
levels for 9 out of the 10 outcomes. The trajectories for Fear of Covid-19 and Manic
symptoms were still statistically significant (P=0.003 and P=0.004, respectively), whereas
the trajectory of Positive Coping was no longer statistically significant (P=0.11 instead
of P=0.03).

4.3.4 Predictors of mood symptoms

We then explored whether any of seven factors (i.e., age, sex, BD type II vs. I, fear
of COVID-19, positive coping, sleep disturbance, and alcohol use and smoking) could
predict for differential trajectories over time in (hypo)manic (YMRS) and depressive
symptomatology (QIDS). Therefore, these potential interaction with time of these pre-
dictive factors were analyzed. Findings showed that none of these seven factor had
significant predictive value for the course of (hypo)manic and depressive symptoms over
time (see Supplementary Figure 4.3). Finally, we explored which change in symptom scale
score preceded other changes in symptom scale score in 20 participants with 4 or more
COVID-19 assessments (see supplementary Figure 4.4). We found that (hypo)manic and
worry symptoms had the strongest out-strengths, which persisted when we divided the
BD group into two random subgroups of 10. This indicates that increases and decreases
in (hypo)manic and worry symptoms tended to be followed by increases and decreases of
other scales, rather than vice versa.
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4.4 Discussion

The current prospective study is among the first to investigate the impact of the COVID-
19 pandemic and its lockdown measures on recently diagnosed BD patients in an existing
cohort. In the current 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 in relatively young patients with bipolar disorder. We found that
observer-rated (hypo)mania symptoms increased significantly during the first two months
of the pandemic compared to the (hypo)mania levels before the pandemic. Further,
during the pandemic, fear of COVID-19 and positive coping started of relatively high,
but decreased significantly in the following months.

The initial increase of (hypo)manic symptoms during the pandemic compared to pre-
pandemic mania levels was rather mild, based on the clinician-rated YMRS, although,
the self-reported scores on the ASRM during the pandemic did suggest clinical significant
(hypo)manic symptomatology. Combining these findings, it seems that there was a
meaningful increase in (hypo)manic symptoms among bipolar disorders patients during
the initial phase of the pandemic. One explanation for this increase could be the rather
disruptive effect of the lockdown measures on the daily lives of the bipolar patients.
Important cues for daily rhythms, such as going to work or study, bringing the kids to
school, going to sport-clubs or other hobbies disappeared during the lockdown when
everyone was expected to live and work from home as much as possible. BD patients might
be particularly vulnerable to such disruptions in daily rhythms, which have been related
to the onset of new mood episodes??. Three recent case reports support associations
between COVID-19 pandemic and (hypo)manic symptoms. These case-studies all describe
cases of individuals who developed a manic (psychotic) episodes during the COVID-19
pandemic, both in people with no prior history of any psychiatric condition®* and in
a patient that was already familiar with BD3?. In all these cases the stress and daily
rhythm disruptions of lockdowns and/or quarantine were presumed to be a trigger for the
(first) onset of manic episodes. The fact that a previous study!'” among older patient with
BD found a decrease in manic symptoms, while in our younger-aged cohort we found an
increase might be explained by the fact younger people with BD are more vulnerable to
life stressors than older adults. According to this inoculation-hypothesis older adults are
better able to deal with life-stressors because they simply have more experience with this36.

Lastly, besides the fact that it is likely that the disruptive lockdown measures caused
affective instability in BD patients in the current study, this association might be spurious
since the start of the lockdown and the rise of the (hypo)manic symptoms coincide with
the spring season. Spring and the increase of daylight has been repeatedly associated
with increases in (hypo)manic symptomatology®” and therefore has to be mentioned as
an alternative explanation.

Additionally, the disrupting effects for daily life of the pandemic, the accessibility of mental
health care during the lockdown could also contribute to increased instability. Although,
a recent study in the Netherlands showed that the availability of online treatment in many
cases increased accessibility for patients, these methods also could lead to the missing of

crucial information about a patient and rapid response to crises®.
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In the current study we observed a slight increase in depressive symptoms, although not
significantly. Although cross-sectional studies have suggested that an increase in depres-
sive symptoms was associated with the start of the pandemic®, results from prospective,
repeated measures, studies showed that participants with mental illness had higher levels
of depressive and anxiety symptoms, but these symptoms decreased in the subsequent
weeks of lockdown'% 39, For bipolar patients specifically, cross-sectional studies again
indicated an increase in depressive symptomatology compared to comparison groups? 4,
but prospective studies showed no substantial increases in depressive symptomatology
compared to pre-pandemic measures!” 8. Possible explanations are that most patients
have previously dealt with stressful events and social isolation caused by their mental
illness and therefore have learned how to cope with stressful situations, and that the
lockdown measured induced some sense of relaxation as their world and habits became
more in sync with the quarantined society.

During the pandemic we found that fear of COVID-19 decreased significantly over time
in BD patients. Presumably, with infection- and death rates decreasing, the fear of
COVID-19 was also wearing off. A comparable trend in fear of Covid-19 during the
course of the pandemic has been described in a previous study in the general populationC.
However, because we did not include a non-psychiatric comparison group, it is impossible
to state that the initial fear of COVID-19 is related to having a BD.

Although fear was increased during the initial months in the current study, we also found
that positive coping was high. During the first months the use of positive coping styles like
staying active, feeling connected, being socially connected to other people, etc. started
rather high, but decreased over the following months. This trend could be caused by
patients trying to make the best of it at the beginning of the pandemic, but failed to
keep this positivity when time progressed. Previous studies in the general population
only found weak associations between positive coping styles and well-being*!* 42, which
might lead to demotivation over time to maintain a positive attitude. Alternatively, the
positive attitude in the current study seems to show a parallel course with the increase
and decrease of (hypo)manic symptoms, so could also be related to the energetic, positive
and often socially active (hypo)manic mood state. Either way, it seems that the current
sample of patients with recent onset BD was able to use a positive coping style during
the most strict lockdown measures, and this attitude decreases somewhat when lockdown
measures were eased down. In addition, 55.6% of the participants were highly educated.
Associations have been found between the level of education, emotional intelligence,
resilient behaviors, and coping skills*>. Coping in the face of the Covid-19 pandemic may
have been moderated by the level of education, which should be studied in larger samples
of BD patients.

The current study is among the first to repeatedly assess symptoms in the same BD
patients both before and during the COVID-19 pandemic. The sample contains recently
diagnosed bipolar patients of a relatively young age, in the active stages of their lives
(with study, work, and family circumstances) in which the impact of the lockdown is
highly invasive, and therefore this is an important at-risk group to study.

There are also some limitations to the current study. First, the sample size is rather
small. Of the original 70 patients included in the BINCO study, only 36 participated
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in the current study. However, there were no differences between these in age, gender,
education level, type of BD and severity of depression or (hypo)manic symptoms among
participants and non-responders. Our findings were limited to relative small sample of
recently diagnosed BD patients, and may have been underpowered to detect more subtle
trends in mental health. We did not gather data on some other variables than may explain
some of the changes found over time (eg, comorbid psychiatric disorders, vulnerability to
seasonal variations, or non-adherent to medication). Additionally, the use of self-report
measures might have let to response biases.

Another limitation is the lack of a healthy comparison group. As a consequence, we were
not able to determine whether BD patients were more, less or equally affected by the
pandemic compared to healthy controls. A previous study among depressed and anxious
patients showed that worry and loneliness symptoms were increased in the non-psychiatric
control group'®. It is likely that our BD patients were already higher in symptomatology
compared to non-psychiatric controls, and that these did not further increase during the
pandemic. Moreover, although we had six repeated measurement points, no data was
collected during summer break because of an anticipated lower response rates due to
summer holidays of the participants.

4.5 Conclusion

The most important finding of the current study is that there is a meaningful increase in
(hypo)manic symptomatology in recently diagnosed bipolar disorder patients, during the
initial phases of the COVID-19 pandemic compared to pre-pandemic symptomatology.
(Hypo)manic and worry symptomatology were the most influential with regard to all
affective and COVID-19 related scales. Therefore, it could be hypothesized that to limit
the psychological and psychiatric impact of a stressful crisis like the COVID-19 pandemic
on BD patients, it would probably be effective to target worry and (hypo)manic symptoms
in psychotherapeutic and pharmacological treatment sessions.

Since the increase in (hypo)manic symptomatology was rather mild, and no severe manic
(psychotic) decompensations occurred in the current sample, these results could be in-
terpreted as a sign of resilience and adaptability of this population, which has been
proposed recently**. Nevertheless, the increase in symptoms still means that BD pa-
tients need to be closely monitored (despite lockdown measures) during this pandemic,
and future national and international crises as has been outlined by clinicians in the field*®.
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Chapter 5

Abstract

Background

Manic and depressive mood states in bipolar disorder (BD) may emerge from the non-
linear relations between constantly changing mood symptoms exhibited as a complex
dynamic system. Dynamic Time Warp (DTW) is an algorithm that may capture symptom
interactions from panel data with sparse observations over time.

Methods

The Young Mania Rating Scale and Quick Inventory of Depressive Symptomatology were
repeatedly assessed in 141 patients with BD, with on average 5.5 assessments per patient
every 3 to 6 months. DTW calculated the distance between each of the 27+27 pairs of
standardized symptom scores. The changing profile of standardized symptom scores of BD
patients was analyzed in individual patients, yielding symptom dimensions in aggregated
group-level analyses. Using an asymmetric time-window, symptom changes that preceded
other symptom changes (i.e., Granger causality) yielded a directed network.

Results

The mean age of the patients was 40.1 (SD 13.5) years old, and 60% were female. Id-
iographic symptom networks were highly variable between patients. Yet, nomothetic
analyses showed five symptom dimensions: core (hypo)mania (6 items), dysphoric mania
(5 items), lethargy (7 items), somatic/suicidality (6 items), and sleep (3 items). Symptoms
of the 'Lethargy’ dimension showed the highest out-strength, and its changes preceded
those of ’somatic/suicidality’, while changes in ’core (hypo)mania’ preceded those of
"dysphoric mania’.

Conclusion

DTW may help to capture meaningful BD symptom interactions from panel data with
sparse observations. It may increase insight into the temporal dynamics of symptoms, as
those with high out-strength (rather than high in-strength) could be promising targets
for intervention.
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Chapter 5

5.1 Introduction

Bipolar disorder (BD) is a chronic psychiatric illness with alternating episodes of depres-
sion and (hypo)mania®. The symptom presentation of BD is heterogeneous, and apparent
sub-phenotypes often show a different prognosis, course of illness, and treatment response?.
Several studies showed that symptomatology, severity, polarity, and cycling patterns of
episodes differed strongly between patients with BD? 4, whereas recurrent episodes within
a patient often seemed to present a similar pattern of symptomatology®. In addition,
patients with BD (either type I or IT) can suffer from rapid cycling, psychosis, and mixed
mood episodes®. Taking all these together, it is obvious that it is challenging for clinicians
to diagnose BD and target interventions for each individual. One of the important aims in
the treatment of BD is to identify the individual patterns of so-called prodromal "warning"
symptoms and address these symptoms as early as possible to prevent recurrent episodes.
Although the clinician and patient try to grasp the individual symptom dynamics in
early warning plans, these are often based on retrospective knowledge and subjective
interpretations of how a new mood episode could have developed in the recent past.
Repeated symptom registrations and analyses of these individual data, might lead to more
insight into the individual symptom dynamics and allows for more accurate interventions
to prevent new mood episodes.

It is challenging to gain insight into the temporal directional relationships between mood
symptoms (either depression or mania), both in individual and in groups of patients with
BD. In the majority of studies in BD, sum scores of manic and depressive symptoms with
a threshold are used to indicate case status, and life charts are used to register the flux of
mood states over time”. Moreover, such epidemiological approaches are mostly group-
based, and the patterns found may not be applicable to the individual patient® °. Besides,
it is often assumed that BD results from an underlying common cause, but this approach
does not take into account that symptoms themselves might also interact and be causally
depending on one another in the direction of the relation of certain symptoms'® ', The
course of BD is often unpredictable, not because it is random, but because its current
behavior depends on a unique path of interactions with the internal and external context.
A simple example of this in BD is that lack of sleep in BD often leads to increased energy
and/or activity, which in its turn leads to more lack of sleep. BD can be approached as a
complex dynamic system'? 13 in which there are complex dependencies in time between
constantly changing components (such as mood symptoms and environmental factors),
across multiple levels of organization and scale. These components together form 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 could be used to process
individual symptom data and takes account of potential non-linear dynamics among symp-
toms and focuses on change profiles rather than absolute levels of symptom scores'® 15,
This method is a widely used statistical algorithm'®, but not in the field of psychiatry
and psychology'®. This method helps us to investigate the symptom interconnection
within panel data, also 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, for which personalized approaches are
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needed to target those symptoms that directly affect other symptoms'®> 17> 8. The symp-
tom network approach can help to analyze and visualize the interconnection of symptoms,
which may explain the switching of mood states!?. Sudden switches between relatively
stable mood states are referred to as critical transitions, catastrophic phenomena, or
tipping points in the field of complex systems!!> 13 20, In addition, using this network
approach, it will be possible to provide patients with their own unique symptoms profile
which enables them and their caregivers to gain more insight into their symptom dynamics.

So far, DTW has only been used to study unipolar depression'® 15 20: 21 hut no study
has focused solely on BD. To our best knowledge, only two cross-sectional network studies
examined the mood symptoms in BD.?? 23 The first study?? studied 195 BD patients
and participants at high risk and found that symptoms were most strongly interrelated
with symptoms at the same mood pole, and the most central symptoms among the BD
network were symptoms measuring the level of energy or activity. In the second study,??
125 patients with BD were allocated into three longitudinal clinical courses (minimally
impaired, depressed, and cycling). Their results showed that in severe courses of illness
the mood symptoms were most strongly interconnected. These two studies had cross-
sectional designs, meaning that the temporal dynamics of symptoms were not investigated.

In the current study, we use DTW to analyze the dynamics of symptoms over time in the
patient sample previously used for the cross-sectional network analysis?3. In this study,
we utilized symptoms of BD repeatedly (every 3 to 6 months) to assess depression and
manic symptoms in 141 patients with BD. We aimed to present the first implementations
of DTW time-series analysis on BD symptoms trajectories. Both individual level (i.e.,
idiographic) and group level (i.e., nomothetic) analyses are presented.
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5.2 Method

5.2.1 Study sample

Data were derived from a 2-year longitudinal study among 181 adult bipolar outpatients,
with a diagnosis of BD I or BD II (based on DSM-IV), who were treated by the Outpa-
tients Clinic for Mood Disorders in the Hague (the Netherlands). The exclusion criteria
were schizo-affective disorder, neurological diseases, and substance abuse disorder. All
participants signed the written informed consent before enrollment and the study was
approved by the Medical Ethical Committee Mental Health Care Organizations Rotterdam
(number 7220) and the Central Committee Human Studies (number NL18286.097.07).
The study design of this cohort has been described previously??.

5.2.2 Measurements

For the current study only data of mood assessments of depressive and manic symptoms
were used. These two measurements were assessed at baseline and subsequently every
3 to 6 months yielding up to 6 measurement points (at baseline, 6, 12, 18, 21, and 24
months) per participant.

Depressed symptoms

Depressive symptoms were assessed by the 16 items Quick Inventory of Depressive Symp-
tomatology (QIDS-SR)?*. Each item is rated 0-3. The QIDS-SR total score ranges
from 0 to 27, with scores of 5 or lower indicative of no depression, scores from 6 to 10
indicating mild depression, 11 to 15 indicating moderate depression, 16 to 20 indicating
severe depression, and total scores greater than 21 indicating very severe depression.
This self-report questionnaire has good internal consistency (Cronbach’s alpha > 0.86).
Cronbach’s alpha in the current study was 0.80 at baseline.

Manic symptoms

For the assessment of manic symptoms, the clinician-rated, 11-item Young Mania Rating
Scale (YMRS)?> was used. The items are rated based on the patient report and the
clinical impression of the interviewer. There are four items rated 0-8 (irritability, speech,
thought content, and disruptive/aggressive behavior), while the remaining seven items are
rated 0-4. The YMRS total score ranges from 0 to 60 with scores from 13 to 19 indicating
minimal symptoms, 20 to 25 indicating mild mania, 26 to 30 indicating moderate mania
and 38 to 60 indicating severe mania. The YMRS has good inter-rater reliability (r=.93).2°
Internal consistency (Cronbach’s alpha) in the current sample was 0.79 at baseline.

5.2.3 Statistical analysis

Sociodemographic and clinical variables at baseline are summarized as means and standard
deviations (SD) or percentages, as appropriate.

Time-series panel data were gathered, which consisted of 27 depressive and manic symp-

tom ratings assessed on the same time scale. Participants who had 3 or less of the mood
assessments were excluded, which resulted in 141 participants who were included in the
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current analyses. When we compared these 141 participants with 38 having 3 or fewer
assessments, no significant differences were found in terms of age or gender (p-value for
age 0.73; for gender 0.56).

DTW was used to assess the similarity of symptom dynamics within participants, both
in undirected and directed (in time) analyses. When the trajectories of the severity of
a symptom pair showed large similarities, the resulting distance will be small, whereas
when these changes over time are rather erratic and independent, their distance will be
large. DTW is thus a shape-based time-series clustering technique. All item scores were
group-level standardized before the analyses, in order to let the results be based on the
relative changes over time.

Within each patient (i.e., idiographic approach), we used DTW to calculate each "dis-
tance" between each pair of symptoms, based on the optimum warping path between two
series under certain constraints, as described in detail in Figure 5.1. For the undirected
analyses, this resulted in a 27 by 27 symmetric distance matrix for each individual. A
low distance represents a time series of item scores that are very similar, whereas a high
distance represents dissimilar item dynamics over time. The time window was set at
1, meaning that similar changes between t-1, t, and t+1 were taken into account. A
dissimilar score at the start and end of each time series could have a disproportional
effect on the total distance because these cannot be dynamically aligned. Therefore,
interpolation of 5 values between each time point was applied before calculating the
distance, which subsequently reduced the disruptive effect of starting and endpoints mis-
matches. Moreover, there is a tendency of scores that remained zero throughout follow-up
to cluster strongly together, therefore for each pair of symptoms that scores zero on each
time point we added a penalty of distance 1 to the final distance of that symptom pair
in that participant. This patient level analysis resulted in 141 individual distance matrices.
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Figure 5.1: Explanation of the dynamic time warp analysis (DTW), an algorithm for
measuring similarity between two time series. We analyzed three QIDS symptom scores
over time. In panel [A]| the (unstandardized) scores of these individual items are given
over time during the follow-up. We used the shape-based time-series clustering technique
of DTW, to yield the distance as a dissimilarity measure. It aims to find the optimum
warping path between two time series. The first step in DTW involves creating a local
cost matrix (LCM), which has 6 x 6 dimensions (as we had 6 assessments in time). In
the seconds step, the DTW algorithm finds the path that minimizes the alignment
between the two item scores by iteratively stepping through the LCM, starting at the
lower left corner (i.e., LCM][1, 1]) and finishing at the upper right corner (i.e., LCM[6, 6]),
while aggregating the total distance (i.e., ’cost’). At each step, the algorithm takes the
step in the direction in which the cost increases the least under the chosen constraint.
The constraint was the Sakoe-Chiba window of size one, with one time-point before and
after the current assessment. The way in which the algorithm traverses through the LCM
is dictated by the chosen step pattern, in our case the default "symmetric2" step pattern
[B]. Parts [C], [D], and [E] explain the calculations of dynamic time warp distances for
the three symptom pairs, yielding 10, 8, and 1 as for their respective distances. We can
conclude that the green and red lines show a more similar route over time (with a
distance of only 3), which is represented by the smaller distance compared to each
distance with the red line (with distances of 10 and 8).
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The 141 individual distance matrices were subsequently analyzed on the group level (i.e.,
nomothetic approach), through a Distatis three-way principal component analysis?®. The
Distatis analysis yielded principal components that are called compromise factors, of
which the first three explain the largest amount of variance (used as x, y, and z in the
3-dimensional supplementary plot). These compromise factors thus best describe the
similarity structure of the 141 distance matrices. The compromise factors were used as
coordinates of the 27 symptoms as points such that the distances in the map best reflect
symptoms covarying with its nearest neighboring symptoms?’. The first against the
second, and the first against the third compromise factors were plotted into the x-y planes,
and the three compromise factors were also plotted in a supplemental three-dimensional
interactive plot.

A hierarchical cluster analysis was applied according to "Ward.D2’ clustering methods,
which was visualized in a dendrogram. Ideally, all items of the same dimension are
similar to each other but are as dissimilar as possible from items in a different dimension.
To estimate the optimal number of dimensions, elbow and silhouette plots were used.
The elbow can be observed as a sharp change in the slopes of adjacent line segments,
which location might indicate a good number of dimensions to retain. The silhouette
method calculates the average distance of each item to the items in the same dimensions
as well as the average distance to the items in the nearest cluster, with a plot of the
average scores over all items against a different number of dimensions. The number of

dimensions yielding the highest average silhouette score is the best number of dimensions?®.

For the directed analyses of symptom dimensions scores, the same DTW algorithm was
used as for the undirected analyses, except for a crucial difference. The window type
using the Sakoe-Chiba band!® was specified as being asymmetric, such that the flow of
information was assessed in one direction, from dimension 1 to dimension 2, but not vice
versa. For each of the 141 patients, a directed distance matrix was calculated for the
standardized sum scores of the 5 dimensions. A directed network plot was plotted from
the resulting distance matrix that was the average of the 141 directed distance matrices.
Two standardized metrics of node centrality were derived: in-strength centrality and
out-strength centrality. The directed edges are represented by arrows, with tips pointing
in the temporal direction (which is a prerequisite for a causal relationship). Out-strength
centrality refers to the number and strengths of outgoing edges that depart from a specific
node (i.e., in our DTW analysis an item with a high out-strength score implies that item
changes tend to precede changes in other item scores). In-strength centrality refers to the
number and strengths of incoming edges of a specific node (i.e., in our DTW analysis an
item with a high in-strength score implies that its changes tended to follow upon changes
in other item scores).

To assess whether our undirected analyses yielded reliable results, we did a random split
on the data and repeated the analyses in both subsets. This helped us to determine
whether this resulted in similar findings or discrepant results, which may signal unreliable
findings. Node placement was done by using the Procrustes algorithm (from the R package
‘networktools’), to aid the visual comparison between the two networks. This was only
available for undirected analyses using symmetric distance matrices. The congruence
coefficients (with the 2.5th and 97.5th percentiles) were estimated, through bootstrapping
of 200 random splits of the 141 participants. A value below 0.85 indicates poor similarity,
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a value in the range of 0.85 to 0.94 indicates fair similarity, and a value of 0.95 can be
considered as being equal?®.

Descriptive analyses were done with SPSS version 25 (IBM Corp Released 2017, IBM SPSS
Statistics for Windows, Version 25). Network analysis were done with the packages "dtw"
(version 1.22-3), "parallelDist" (version 0.2.4), "qgraph" (version 1.6.9), “stats" (version
4.0.3), "networktools" (version 1.2.3), and the ’plotly’ package (version 4.9.4.1) for the R
statistical software (R version 4.0.3; R Foundation for Statistical Computing, Vienna, Aus-
tria, 2016. URL: https://www.r-project.org/). A sample R script for the DTW analyses
is provided as supplementary material and can be downloaded here: https://osf.io/6nmtk.
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5.3 Results

The baseline characteristics of the 141 patients are shown in Table 5.1. The mean age
was 49.1 years with a standard deviation (SD) of 13.5. The majority of the patients were
female (60%). The mean score of baseline QIDS and YMRS were 7.9 (SD 5.1) and 1.8
(SD 3.2), respectively, indicating mild depressive symptoms and no manic symptoms.
This is due to the fact that most patients were euthymic at study entry.

5.3.1 Individual patient analyses (idiographic approach)

We used DTW clustering method to analyze data from each participant. Here, only three
exemplar patients were selected from the full data-set, to demonstrate how DTW can be
applied on the individual patient level (Figure 5.2 for patients A, B, and C). These three
patients show a high degree of inter-individual variability in their symptom trajectories.
In patient A there was a tight clustering of mania symptoms, whereas in patient B there
was a tighter clustering of depressive symptoms. Patient C showed two separate symptom
dimensions, one of the depressive symptoms later transitioning into one of the manic
symptoms.

Patient A was a 51-year-old female (bipolar disorder type I) with onset of depression at 37
years and onset of mania at 41 years of age. Her dendrogram shows a prominent clustering
of mania symptoms. In assessments 2 and 3 ’pressured speech’ was her most prominent
symptom. The network graph shows that changes in symptoms of ’dysphoric mania’ (blue
symptoms) and ’core (hypo)mania’ (red symptoms) and a few of ’somatic/suicidality’
(purple symptoms) were mostly in phase over time. Most symptoms of ’lethargy’ (green
symptoms) were only loosely connected to her symptom network.

Patient B was a 60-year-old female (bipolar disorder type IT) with onset of depression at
20 years and onset of hypomania at 26 years of age. Her dendrogram shows a more promi-
nent clustering of depressive symptoms, starting with high ratings on ’sad mood’, later
followed by higher ratings of "Psychomotor agitation’ and "Mid-nocturnal insomnia’(see
Figure 5.2B.B). She had very low ratings for YMRS items measuring the (hypo)manic
symptoms, several items of YMRS could not be included in her Dendrogram, because
ratings remained zero throughout follow-up. Her individual network graph demonstrated
the similarity of changes over time only for the symptoms of ’somatic/suicidality’ (purple
symptoms) and 'lethargy’ (green symptoms).

Patient C was a 59-year-old female (bipolar disorder type I) with late-onset mania at 39
years of age and late-onset depression at 49 years . Her dendrogram shows a relatively
stronger clustering of symptoms than patients A and B. Symptoms with the highest sever-
ity scores at the first 3 assessments were 'mid-nocturnal insomnia’ (orange symptoms) and
'poor concentration/indecisiveness’ (green symptoms). Later, the strongest connections
were between symptoms of 'core (hypo)mania’.
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5.3.2 Group-level analysis (nomothetic approach)

The nomothetic analysis of the 141 patients is shown in Figure 5.3. The elbow and
silhouette plots indicated that five dimensions fitted the data best, mainly based on the
average silhouette score (Figure 5.3A). The results of dendrogram hierarchical cluster
demonstrated five dimensions of symptoms (see Figure 5.3B). These were based on all 27
individual items were: (1) core (hypo)mania (6 items: ’pressured speech’, 'irritability’,
‘elevated mood’, ’increased activity /energy’, low need for sleep and fast thought con-
tent’), (2) dysphoric mania: (5 items: ’content/delusions/hallucinations’, ’poor insight’,
"aggressive behavior’, 'poor appearance’, 'high sexual interest’, (3) lethargy (8 items: 'low
self-esteem /guilt’, ’low interest’, 'psychomotor slowing’, 'psychomotor agitation’, "hyper-
somnia’, 'sad mood’, 'poor concentration/indecisiveness’, low energy/fatigability’), (4)
somatic/suicidality (6 items: ’decreased appetite’, 'Increased appetite’, suicidal ideation’,
'increased weight’, ’early morning insomnia’, ’decreased weight’) and (5) sleep: (2 items:
’sleep onset insomnia’, ‘'mid-nocturnal insomnia’).

The results of three-way principal component Distasis analysis on the 141 distance ma-
trices revealed in three principal components or ’compromise factors’. These explained
28.5%, 14.1%, and 10.2% of the variance. In a three-dimension interactive plot, a more
similar change over time among patients is represented by a smaller distance between
symptoms (i.e., their relative distance in the compromise space, Supplementary Figure 5.1:
download here: https://osf.io/z4upr). The two compromise plots (of the first against the
second compromise factor in Figure 5.3C, and of the first against the third compromise
factor in Figure 5.3D demonstrate the spread of the 27 items, and show the particular
strong clustering of the symptoms that were included in dimensions 1 and 2 (i.e., 'core
hypomania’ and ’dysphoric mania’).

Next, a directed network was created for the changes in scores of the 5 symptom dimensions
(Figure 5.4). The directed network plot showed that changes in 'core (hypo)mania’ tended
to precede similar changes in ’dysphoric mania’, and that changes in ’lethargy’ tended to
precede similar changes in ’somatic/suicidality’. Dimensions 3 and 1 (i.e., "lethargy’ and
"core (hypo)mania’) had the strongest out-strength centrality scores relative to the other
three dimensions. Dimensions 4 and 2 (i.e., ’somatic/suicidality’ and ’dysphoric mania’)
had the strongest in-strength centrality scores relative to the other three dimensions.

Finally, in order to validate our results of 5 symptom dimensions, we randomly split our
sample of 141 patients into two samples of 70 and 71 patients. The analysis of both
samples confirmed the stability of the five symptoms dimension (Figure 5.5). The median
congruence coefficient was very high at 0.984 (2.5™ and 97.5*" percentiles of values) when
we bootstrapped the random split procedure 200 times), supporting the high reliability of
the 5 nomothetic symptom dimensions across patients.
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Table 5.1: Baseline sociodemographic characteristics in 141 participants with bipolar

disorder.

112

(N=141)

Sociodemographic characteristics:
Male, sex; n (%) 53 (37.6%)
Age; mean (SD) 49.1 (11.7)
Level of education: n (%)

- Primary 29 (20.6%)

- Secondary 46 (32.6%)

- Higher 66 (46.8%)
Current smoker; n (%) 60 (42.6%)
Drugs use; n (%) 10 (7.1%)
Alcohol use; n (%)

- none 45 (31.9%)

- 1-2 units/day 79 (56.0%)

- > 3 units/day 15 (10.6%)

Clinical characteristics:
Bipolar disorder type 1; n (%)
Age of onset; mean (SD)
Age of onset first (hypo-) mania
Age of onset first depression
QIDS baseline; mean (SD)
YMRS baseline; mean (SD)
Medication use baseline: n (%)

- Lithium

- Anti-epileptics

- Anti-psychotics

- Benzodiazepines

- Antidepressants

102 (72.3%)

100 (70.9%)
29 (20.6%)
36 (25.5%)
42 (29.8%)
51 (36.2.0%)
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Figure 5.2: Idiographic DTW analysis in three participants (patient A, B and C). Panels
A shows the dendrogram of the clustering of symptoms with more similar trajectories
over time (with the symptoms colored according to the nomothetic symptom
dimensions), panels B shows the raw item scores over time every 3 to 6 months (with the
severity being color coded), and panel C shows the individual symptom networks based
on their DTW analysis. These samples analyses were done using unstandardized item
scores to simplify the interpretation of these illustrations, whereas all other analyses were
done using group-level standardized symptoms scores.
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Figure 5.3: Nomothetic analyses based on all distance matrices from 141 participants.
[A] A scree plot based on the elbow and silhouette method indicated five symptom
dimensions. |B] A dendrogram was created, based on the Ward’s (D2, i.e., general
agglomerative hierarchical clustering procedure) clustering criterion on the compromise
factors of the Distatis analysis of 141 distance matrices. [C] The Distatis analysis yielded
three compromise factors. The position of each of the 27 BD items are shown in x-y
scatter plot of the compromise space according to the first and second compromise
factors, and [D] the first and third compromise factors. Error bars represent the 2.5 th
and 97.5 th percentile values, derived from 500 bootstrapping resamplings.
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Figure 5.4: Directed symptom network in 141 BD patients. In a directional network, the
flow of information is in one direction, from one node to another. The edge thickness
represent the median value of the strength of the temporal associations among symptoms.
Dimensions ’lethargy’ and 'Core (hypo)mania had the strongest out-strength levels,
whereas ’somatic/suicidality’ and ’dysphoric mania’ the strongest in-strength.
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5.4 Discussion

The current study is the first to analyze a time series of depression and manic symptoms
using DTW analyses in patients with BD. We studied interactions and relative changes in
symptom severity within and between participants. Overall, the results of our individual
patient analyses showed substantial variability between patients. Despite this individual
variability, our group-level analyses revealed 5 symptom dimensions (core [hypo|mania,
dysphoric mania, lethargy, somatic/suicidality, and sleep). The identification of these
5 symptom domains acknowledges the variability of clinical states that fall within the
bipolar syndrome, which is much more complex than simply being either manic or de-
pressed. The five symptom dimensions (core [hypo|mania, dysphoric mania, lethargy,
somatic/suicidality, and sleep) that were identified through the group-level analyses, are
robust since the clustering in two samples after a 200 random sample split-check analyses
showed a large congruence factor. Moreover, we were able to analyze the temporal
dynamics between these symptom dimensions as well. Below we will describe in more
detail the clinical validity and implications of these findings.

The symptom cluster 'core (hypo)mania’ seems to reflect the ’classical’ manic state with
increased energy, overactivity, and euphoric mood. This is in line with a recent network
analysis showing that symptoms of core (hypo)mania were the most interconnected symp-
toms in the manic network.?? The ’dysphoric mania’ domain typically reflects what has
previously been described as a mixed manic mood state,' 32 in which energy is high, but
mood is characterized by irritation and agitation. Previous factor analyses also report
both a ’pure’ manic and a dysphoric factor®® 3 in line with our findings. However, in
the current study, the dysphoric domain also contains psychotic features. This specific
combination resembles what Himmelhock, Coble, Kupfer, & Ingenito, 1976 described
decades ago as an ’agitated psychotic depression in a small group of BD patients. The
authors hypothesized that this psychiatric state represents a transitional period when
the patient switches from depression to mania or vice versa but becomes ’trapped’ in the
'switch’ state. Also in a more recent review, it is implicated that approximately 20-30%
of patients with BD may present mixed symptom states when transitioning from mania
to depression or vice versa3®. With the current data and analysis technique, we found
evidence that this hypothesis might be correct. Indeed, the ’dysphoric manic state’ seems
to temporally follow the ’core (hypo) manic’ mood state, implicating that the manic state
tends to transitions into a mixed state over time. This also implies that the opposite
direction could occur, when pure manic symptoms drop, dysphoric symptoms will drop
subsequently. Clinically this means that in order to prevent a dysphoric state, manic
symptoms should be diminished at an early stage. But also, once the patient is in a
dysphoric state the interventions might preferably be anti-manic and not anti-depressant,
in order to decrease the severity of the dysphoric state. This is in line with existing
evidence that antidepressants (especially as monotherapy) during a mixed state could
increase the severity of this state36: 37,

Two other symptom domains that were found in our sample, seem to be positioned in
the ’depressive pole’, which are ’'lethargy’ and ’somatic/suicidality. 'Lethargy’ consists
of typical depressed symptoms (e.g., guilt, low interest, lack of energy, inactivity, hy-
posomnia). This seems to be in line with previous research, showing consistently ’sad
mood’ and ’low energy/fatigue’ as the most central symptoms in depressive networks in
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patients with BD?2 23, 38: 39 This domain also resembles the factor ’inhibited depression’
as found by?°. The ’inhibited depression’ factor also typically lacked symptoms reflecting
suicidality and was even associated with lower suicide rates. Similarly, in the current
sample, suicidality falls into another cluster, in this case, the ’somatic/suicidality’ dimen-
sion which importantly seems to overlap with the symptoms of a melancholic depression
(changes in appetite, psychomotor slowing, early morning insomnia, and suicidality). The
temporal dynamics between these dimensions in our an analysis shows that the ’lethargy’
mood state with inactivity and feelings of guilt tends to precede increases in symptom
severity in the somatic/suicidality mood state. Again, this also implies that decreases
in the ’lethargy’ domain tend to be followed by decreases in the somatic/suicidality
domain, implicating that treatment might be focused on the 'lethargy’ symptoms rather
than ’somatic /suicidality’ symptoms, in order to decrease the severity of either mood state.

Lastly, we found a separate insomnia domain in the current data, that appeared to be
rather unrelated to the other mood domains. This is surprising, given the fact that
sleep is such a central symptom of BD. A previous DTW analysis from our group also
revealed a separate sleep dimension in patients with depressive episodes (Hebbrecht et al).
This should not necessarily mean that sleep does not play an important role in bipolar
disorder mood regulation, as it is possibly not specifically related to a specific mood state.
Previous studies show that even during euthymia sleeping problems can remain present
in a majority of the BD patients*! which explains why sleep is not specifically related
to the increase and decrease of the other symptom cluster in our sample. It might even
imply that these symptoms are rather chronic in nature.

A major strength of the current study is that it provides insight in temporal dynamics
of BD symptoms using time series, while many other clustering techniques focus on
static cross-sectional analyses. It shows that DTW is a promising method that allows
clinicians and patients to depict which change in dimension precedes that of which other
dimension. It may help the clinicians in decision-making and personalized treatment.
The individual-level analysis may eventually help to identify early warning symptoms
of an episode in the treatment, when the number of assessments is large enough to
detect consistent dynamics. The symptoms with the highest out-strength score could
perhaps be targets in personalized treatment in order to prevent a more severe mood
state. For instance, if a patient has central symptoms with the highest scores on ’early
morning insomnia’ and ’sad mood’, these two symptoms could be primarily targeted
in the intervention as these symptoms potentially could develop into other symptoms,
resulting in a more severe episode. Another strength of this study is that we introduced
individual-level as well as group-level analysis, whereas all previous studies analyzed static
cross-sectional data on the group level only*2.

There are also some limitations that need to be discussed. The time intervals between
assessments were long (3 to 6 months), and only up to 6 assessments were done per
patient. Future studies could explore whether shorter intervals between assessments
would yield similar symptom dimensions and centrality. Yet, many BD patients with a
current episode may be incapable to complete daily or even weekly assessments. The
co-occurrence of symptom dynamics that we have found in this study was however highly
reliable among participants as illustrated by the high congruence factor and its tight
confidence interact, and should therefore be considered as global BD symptom dimensions.
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Finally, symptom scores are subjective, as they depend on the person’s ability to correctly
read their internal emotional states.

In sum, our patient-level analyses could be used to visualize a personalized profile of the
dynamic relationship between the individual symptoms. This might help the clinicians
and the patients to better understand individual patients’ characteristic interaction of
symptoms?3 44 45 A personalized approach might be important, as the idiographic find-
ings tended to be highly variable between patients. DTW may be used for the detection
of the central symptoms of one individual patient. Our group-level analysis underlines
the variability of clinical states of the bipolar syndrome, which appears much more
complex than the two poles of either mania or depression. Nevertheless, replication of the
current study with shorter time intervals is recommended for future studies, in which also
the influence of environmental factors could be incorporated (e.g., life events, changes
in psychotropic medication, and lifestyle factors). Moreover, as we DTW analyses of
symptom time series may only indicate only Granger causality, experimental designs are
necessary to assess the clinical utility of targeting specific treatments at symptoms with
high out-strength centrality. Whether patient-level analyses are of clinical value to more
precisely target customized treatments should also be explored further.
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Chapter 6

Abstract

Patients with bipolar disorder (BD) suffer from cognitive and emotional dysfunctions.
Various brain circuits are implicated in BD but have not been investigated in a meta-
analysis of functional Magnetic Resonance Imaging (fMRI) studies. The aim of the current
fMRI meta-analysis is to investigate the brain functioning of BD patients compared with
healthy controls (HC) in three domains: emotion processing, reward processing, and
working memory.

Data were abstracted from articles found through a systematic literature search. The
literature search included all the fMRI studies on BD before March 2020. Only fMRI
original research studies comparing adult BD patients with HC were included. Studies
had to include a task assessing at least one of the domains. i.e., emotion processing,
reward processing, or working memory. Differences in brain region activity were tested
with whole-brain analysis using the activation likelihood estimation method.

In accordance with PRISMA guidelines, a total of 49 fMRI studies (999 BD, 1027 HC)
were included after the selection procedure: 20 studies used an emotion processing task
(316 BD, 369 HC), nine studies used a reward processing task (215 BD, 213 HC), and
20 studies used a working memory task (530 BD, 417 HC). As compared to healthy
subjects, BD patients showed hyperactivation in the amygdala and hippocampus and
hypoactivation in the inferior frontal gyrus during emotion processing, hyperactivation in
the orbitofrontal cortex during reward processing, and hyperactivation in the ventromedial
prefrontal cortex and subgenual anterior cingulate cortex during working memory activity.
Limbic hyperactivation was only found during euthymia in emotion and reward processing
domains; abnormalities in frontal cortex activity were also found in BD patients with
mania and depression.

This meta-analysis revealed evidence for activity disturbances in key brain areas involved
in cognitive and emotion processing in BD patients. Most of the regions are part of the
fronto-limbic network. The results suggest that aberrations in the fronto-limbic network,
present in both euthymic and symptomatic patients, may be underlying cognitive and
emotional dysfunctions in BD.
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6.1 Introduction

Bipolar disorder (BD) is a severe psychiatric disorder and is characterized by recurrent
depressive and (hypo)manic episodes!. These mood fluctuations contribute significantly
to functional impairments, including dysfunction in education and work?. In addition to
affective symptoms, patients with BD show cognitive impairments and emotion regulation
deficits during episodes and also during euthymia® % °. As a result, several of these
deficits in BD may be considered as a trait-related characteristic of BD. Abnormalities in
a variety of brain regions and related circuitry could be underlying cognitive and emotion
regulation deficits in BD, with studies in general describing predominantly aberrations in
the fronto-limbic network® 7 8 9 a group of interconnected neural regions including the
prefrontal cortex (PFC), amygdala, anterior cingulate cortex (ACC), hippocampus, and
nucleus accumbens!?.

BD patients appear to show amygdala hyperactivation during emotion processing across
multiple tasks that evoke emotional responses'!. In addition, recent work shows reduced
functional connectivity between the ventrolateral PFC (vIPFC), ACC, orbitofrontal cortex
(OFC), and limbic areas, which points towards a more complex aberrant interplay between
frontal and limbic structures, instead of amygdala hyperactivity alone'®. In addition
to emotion, BD patients show increased activity in fronto-limbic regions during reward
processing, amongst others in the PFC, ACC, and striatum!? '3 4. Studies of working
memory in BD have reported deviant frontal cortex activity'® 6 17 including medial
frontal gyri hyperactivation'® and dorsolateral PFC (dIPFC) hypoactivation!® 2% 21,

Across all emotional and cognitive domains, inconsistent findings have been found, and as
a result a robust hypothesis on fronto-limbic dysfunction in BD is lacking?2. Not surpris-
ingly, and probably related to aberrant brain activity, BD patients showed behavioral
deficiencies in terms of decreased task performance during emotion and reward processing,
as well as during cognitive tasks that demand working memory activity® 23 24, 25, 26,
In addition to decreased task performances, fronto-limbic network deficiencies may also
be involved in aberrant psychological mechanisms in BD such as state-independent
emotional hyper-reactivity, rumination and the intense pursuit of goals and focus on
achievement?” 28, 29,

Cognitive and emotion tasks that involve fronto-limbic brain activity have been intensively
studied. Emotion processing involves attentional processes towards (emotional) stimuli,
their interpretation, and the regulation of activated emotions (the ability to monitor
and modify the occurrence, intensity, and duration of an ongoing response to emotional
stimuli)3%. Activations in subcortical regions are strongly associated with modulating and
generating emotions, whereas frontal regions are involved in the evolution and regulation
of emotional responses'® 26. The three primary functions of reward processing include
associative learning (classical conditioning and operant reinforcement), incentive salience
(motivation and desire), and positively-valenced emotions (pleasure and hedonic)3!. In
particular, pleasure coding reward has been described to be associated with activation
in the OFC?2, whereas ACC activity is related to reward anticipation33. In addition to
the ACC, the ventral striatum has a key function in anticipation of reward stimuli and
is part of a complex circuit involving limbic regions such as the amygdala, attributing
feelings towards the experienced reward3?. Working memory is seen as a platform where
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information temporarily can be held, manipulated, and then used to adjust goal-directed
behavior3® 36, Studies of working memory have pointed to the involvement of the dIPFC,
dorsal and anterior ACC, and parietal cortex3”. The dIPFC is associated with the integra-
tion and retrieval of information that is stored or taxing load®®. The ACC is implicated in
evaluative processes to adjust and adapt the received information depending on demand??.
In addition to fronto-limbic regions, the parietal cortex seems to be a workspace for
processing sensory and perceptual information®® 4142 In sum, tasks associated with
emotion processing, reward processing, and working memory are all dependent on an
adequate activation of fronto-limbic brain regions and can therefore be used to assess
functioning in this network.

Although there is an increasing number of fMRI studies suggesting fronto-limbic functional
abnormalities in BD, a meta-analysis specifically focusing 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 of this brain network can be considered as reflecting part
of the pathophysiology of cognitive and emotional impairments in BD. Therefore, in
the current study, we conducted a meta-analysis of fMRI studies in patients with BD
investigating emotion processing, reward processing, or working memory, domains which
all rely on proper fronto-limbic network activity. By performing this meta-analysis, we
aim to aggregate the evidence to be able to draw more rigorous conclusions regarding
the potential abnormalities in the fronto-limbic network in BD. Moreover, we want to
elucidate if trait (i.e., euthymia) or state (i.e., mania or depression) affects potential
fronto-limbic network alterations.
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6.2 Methods

6.2.1 Literature search and selection

For the selection procedure PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses)*® 44 guidelines were followed (see eTable 6.3 in Appendix). The
PRISMA flow chart depicting the process for the systematic literature search and selection
of the studies is shown in eFigure 6.4 (Appendix). The literature search was conducted
in the databases of PubMed, Embase, Web of Science, COCHRANE Library, PsycINFO,
Emcare, Academic Search Premier, and ScienceDirect. The following keywords were
used in the literature search: bipolar disorder, manic depression, functional magnetic
resonance imaging (fMRI), mania, and bipolar depression (see appendix for the extensive
literature search). Articles were eligible if written in English and with subjects between
18 and 65 years old. All healthy controls (HC) were physically and neurologically healthy,
with no current psychopathology. Exclusion criteria for all participants were medical or
neurological illnesses that might influence brain function, and any contraindications for
receiving an MRI scan. Literature reviews, meta-analyses, methodological articles, case
reports, letters, conference abstracts, and editorials were excluded. Selection of literature
was conducted using three main inclusion criteria: 1) task-related fMRI studies on BD
with whole-brain analyses, 2) studies had to include a task assessing at least one of the
domains. i.e. emotion processing, reward processing, or working memory, 3) studies
compared adult patients with BD with HC. Exclusion criteria were: fMRI studies using a
region-of-interest (ROI) analysis approach, only assessing functional connectivity, and
resting-state studies. Additionally, studies including only subjects with high-risk for BD,
BD relatives, BD offspring, or childhood BD (<18 years) were excluded. Finally, the
studies were grouped into at least one of the three domains.

For each study, data were extracted (i.e. first author, year of publication, mean age, gen-
der, number of BD patients and HC, mood state, contrasts, details about tasks, imaging
results as coordinated clusters [X,Y,Z] in voxels and details of the fMRI paradigm), which
were used for description and further analyses. The fMRI studies were allocated to three
task domains (i.e., emotion processing, reward processing, and working memory). Two
fMRI studies examined two different domains and were therefore included in two different
analyses'3 45,

6.2.2 Statistical analysis

Meta-analyses were conducted using the software GingerALE version 3.0.2%3 44, Dif-
ferences in brain activation among regions associated with each domain were analyzed
separately using the activation likelihood estimation (ALE) method. The ALE approach
uses modeling of activation locations (foci) by a 3D Gaussian, calculating the overlap
of the distributions across experiments using the spatial uncertainty of the foci**. It
forms a probabilistic map of the likelihood that each voxel was activated by an experiment.

The analyses for each domain involved two analyses of contrasts. First, we analyzed the
activation in brain areas that were more active in BD brains compared to HC, indicating

hyperactivation in BD. Second, we analyzed the activation in brain areas which were more
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active in HC brains compared to BD, referring to hypoactivation in BD. The voxel-level
Family-Wise Error (FWE) method (p = 0.05) was used for the correction of all the analy-
ses and contrasts of different domains. The number of threshold permutations was set at
1000, and the p-value threshold at 0.05 with a minimum cluster size of suprathreshold
voxels exceeding 100 mm?3. Next, we performed sensitivity analyses focused on mood
states. For each domain, we analyzed the effect of mood states separately (euthymic,
manic, and depressive). For these analyses, a similar procedure was followed.
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6.3 Results

In total, 49 whole-brain-based fMRI studies were included, which accrued 999 BD patients
and 1027 HC. The included studies (per domain) and their clinical specifications are listed
in eTable 6.3 (Appendix). All meta-analytical results are presented in Table 6.1 and 6.2.

6.3.1 Emotion processing

For emotion processing, a total of 20 studies were included, with in total 324 patients
with BD and 369 HC. Patients with BD had different mood states; 116 (35.8%) were
euthymic, 70 (21.4%), depressed, 44 (13.6%) were (hypo)manic, one mixed state (0.3%),
and the rest were not specified (n = 93, 28,7%). The emotion processing domain included
emotion tasks with a variety of paradigms including emotionally salient stimuli (i.e.,
affect induction, emotional perception of facial emotions or prosody, emotion regulation,
emotion recognition, emotion memory, or inhibition tasks.

Hyperactivation was shown in all BD patients compared with HC (Table 6.1) in a part of
the left hippocampus, the left and right anterior temporal cortex, and the left amygdala
(Figure 6.1A). Hypoactivation in BD patients was found only in the right inferior frontal
gyrus (IFG) as compared to HC (Figure 6.1B).

The results regarding mood states (Table 6.2) revealed hyperactivation in the left parahip-
pocampal gyrus and hypoactivation in the left IFG in BD patients who were in the
euthymic state. During mania, we found hyperactivation in the left thalamus and
hypoactivation in right IFG in patients with BD.

6.3.2 Reward processing

A total of nine studies on reward processing were included, with in total 195 BD patients
and 213 HC. 117 (60%) of BD patients were euthymic, 65 (33.3%) depressed, 10 (5.1%)
were (hypo)manic and three were in a mixed state (1.5%). The reward processing domain
paradigms included monetary incentive, gambling, card number guessing, and Roulette
tasks.

Taking all BD patients together (Table 6.1), only hyperactivation in the left OFC was
shown as compared to HC (Figure 6.2).

For euthymic mood state in BD patients, hyperactivation was found in the left parahip-
pocampal gyrus, ACC, MFG, and right temporal gyrus compared to HC. Patients who
were in a depressive mood state showed hyperactivation in the left IFG and in the right
superior temporal gyrus (see Table 6.2). A meta-analysis in manic BD patients could not
be performed due to a lack of power.

6.3.3 Working memory

We included 20 studies with 530 BD patients and 417 HC for working memory. There
were 178 (36.1%) patients in euthymic state, 171 (34.7%) depressed patients, 124 (25.1%)
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(hypo)manic, and 57 (10.8%) were not specified. The majority of the studies used a letter
n-back task and a few studies a delayed match to sample task.

Overall, hyperactivation in BD patients was found in the subgenual ACC (sgACC) and
ventromedial PFC (vimPFC) (Figure 6.3) as compared to HC (Table 6.1).

With regard to mood states, no difference in euthymic BD patients were found compared
to HC. Patients who were (hypo)manic showed hyperactivity in left ACC and hypoactiva-
tion in left IFG during working memory. Depressed BD patients showed hyperactivation
in the left PFC and ACC; hypoactivation was found in the right partial lobe and left
cerebellum (see Table 6.2).
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Figure 6.1: Meta-analytic maps of brain functional changes of domain emotional
processing : significant brain hyperactivation (A) in 1. left hippocampus, 2. left
amygdala, 3. left anterior temporal cortex and 4. right anterior temporal cortex.
Significant brain hypoactivation (B) in 5. right IFG. The right side of all coronal and
axial images corresponds to the right side of the brain. Colorbars represent z-values.
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Y=30

Figure 6.2: Meta-analytic maps of brain functional changes of domain reward processing:
significant brain hyperactivation in left OFC. The right side of all coronal and axial
images corresponds to the right side of the brain. Colorbar represents z-values.
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2
Y=46
5 0
Y=34

Figure 6.3: Meta-analytic maps of brain functional changes of domain working memory :
significant brain hyperactivation in left 1. subgenual anterior cingulate and 2.
ventromedial PFC. The right side of all coronal and axial images corresponds to the right
side of the brain. Colorbar represents z-values.
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6.4 Discussion

In the current meta-analysis, we investigated brain functioning in patients with BD as
compared to HC within cognitive domains related to emotion processing, working memory,
and reward processing. Our findings revealed significant differences in brain activity
in BD patients mostly within the fronto-limbic network. Specifically, limbic activation
alterations were only manifested in euthymic BD patients, whereas more widespread
frontal dysfunctions were also found during depression and mania. As such, one can
assume that aberrant limbic activity during cognitive and emotion processing may be a
trait-related BD characteristic, on the other hand, disruptions in frontal cortex activity
may be associated with state-related factors.

During emotion processing, we found that patients with BD showed hyperactivation
in the hippocampus, parts of the temporal cortex, and amygdala, and hypoactivation
in the right IFG (as part of the PFC) when all affective states are pooled together.
This is in line with an earlier meta-analysis” and a systematic review!! that focused on
emotion processing and found abnormal activity in the fronto-limbic network. Our results
regarding the emotion processing domain can be functionally interpreted. For instance,
amygdala hyperactivation may be interpreted as reflecting a state of ’oversensitivity’,
resulting in increased amygdala responses even when there is no need to. The amygdala
has a crucial role in emotion generation (i.e. perception and arousal), identification of
emotional stimuli*® 47> *® and emotion regulation®*’. In addition to amygdala hyperacti-
vation during emotion processing, we also found increased activation in the hippocampus.
Besides its crucial role in memory, this region is also involved in socio-emotional processing
and the production of affective states*® °. Further, hyperactivation was found in the
temporal cortex, which is notably involved in social and emotion processing, recognition,
and semantic memory®!. Our results regarding emotion processing also encompassed
hypoactivation in the IFG, which is known to be associated with inhibitory control®2.
Inhibition is a major subcomponent of executive function and is defined as the ability to
suppress the process of irrelevant stimuli and dominant response when inappropriate®3.
The inability to inhibit responses is, among others, associated with impulsive behavior®?.
Moreover, BD patients might have difficulties in the identification of emotional stimuli
(either negative or positive) leading to increased arousal, making it more difficult to
regulate their emotions and this, in turn, may provoke mood episodes states®. From
a network perspective, hypoactivity in inhibitory structures such as the IFG might be
related to hyperactivity in the whole network related to fronto-limbic system (as found
here; hippocampus, parts of the temporal cortex, and amygdala) that normally should be
inhibited®S.

For reward processing, our results showed hyperactivation in the left OFC in BD. OFC
activity is important for pleasure coding as well as reward outcome and for processing
the experience of hyperhedonia32. This region forms the key in a hypersensitivity model
of reward processing that was introduced based on a behavioral approach system (BAS)
hypothesis for BD®7. The concept of BAS refers to the hypothesis that bipolar patients
have a hypersensitive reward system that leads to overreaction or underreaction to reward-
related cues. It states that excessive reward system activation leads to (hypo)manic
symptoms, whereas excessive deactivation gives rise to depressive symptoms®”. This model
is thought to be associated with hyperdopaminergia which leads to high-risk, high-reward
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seeking behavior observed during mania®®. Our finding of OFC hyperactivation in BD is
in line with this reward hypersensitivity model of BD.

To our best knowledge, no previous meta-analyses of neuroimaging studies have focused
on the reward system in bipolar patients. To date, only a systematic review on imaging
findings during reward processing in unaffected first-degree relatives has been performed®®.
Although relatives are non-affected and do not have symptoms, these genetically at-risk
subjects seem to show reward-related activity dysfunction similar to BD patients, i.e.
increased OFC in response to reward®®. The fact that the current meta-analysis in a large
sample of BD patients found a similar OFC activity pattern as found in healthy relatives,
underlines the importance of these aberrations as they may serve as an important element
in the pathological pathway towards BD.

For working memory tasks, our results showed hyperactivation in the sgACC and vimPFC
as compared to HC. Interestingly, these regions are connected to limbic structures and
are functionally involved in reward valuation and emotion regulation, but recent studies
highlight the role in working memory as well. Both sgACC and vimPFC play an important
role in integrating cognitive and emotional stimuli. For example, the vinPFC structurally
connects the amygdala with the dIPFC and functionally regulates the influencing effects
of capacity-exceeding working memory load from the dIPFC and the mediating deleterious
effects of emotional interference on cognitive processing in the amygdala® 6!, In addition,
the sgACC is seen as another bridge between the dIPFC and amygdala, and plays a role
in emotional processing and attention®2. The interconnection of these two regions to the
dIPFC and the amygdala facilitates interactions between emotion and cognition®'. Our
results provide further support for the potential role of dysregulated vinPFC and sgACC
activity as a direct contributor to poor working memory performance and deficiencies in
emotional processing in BD.

In addition to the whole BD group, analyses were also performed per mood state. Limbic
hyperactivity was only found in euthymic BD patients (parahippocampal), whereas abnor-
malities in frontal activation, although with a more widespread pattern, were also revealed
during states of depression and mania. A tentative conclusion can be drawn that limbic
hyperactivation during emotion and cognitive processing in BD may be a trait-dependant
characteristic, whereas frontal cortex dysfunction may also be affected during states in
BD. Functionally, failed frontal inhibitory control may be more pronounced when patients
suffer from a depressive or manic episode, while the earlier mentioned increased limbic
‘oversensitivity’ may only occur during euthymia and may potentially be a risk factor for
provoking mood states®®. Given power constraints, these conclusions should be interpreted
with caution. It can therefore not be ruled out that increased limbic activity could also be
the case during mania or depression, however, the current meta-analysis shows that frontal
hypoactivation may be a more robust state-dependent finding. One could hypothesize
that during affective states BD patients take high-dose or other medication as compared
to euthymia, which may potentially normalize limbic activity®3.

Two earlier meta-analyses with smaller numbers of inclusions investigated task fMRI
studies in BD” %4, Our findings regarding emotional processing are consistent with limbic
hyperactivation and IFG hypoactivation as found in one meta-analysis’. However, all
kinds of paradigms related to a variety of cognitive functions were included, while the
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current meta-analysis focused on working memory, emotional and reward processing with
regard to the hypothesis of impaired fronto-limbic network activity in BD specifically.
One other meta-analysis focused on the comparison between BD youth and adults®?.
Interestingly, similar amygdala hyperactivation during emotional tasks and pgACC hy-
peractivation during non-emotional tasks was found in BD youth, which underlines the
important role of these brain areas in the psychopathology of BD and suggest common
trait-like abnormalities.

To the best of our knowledge, this is the first meta-analysis showing robust fronto-limbic
network abnormalities during emotion and cognitive functioning. The differentiation of
three cognitive domains in relation to fronto-limbic network functioning in BD allowed a
better perspective on how neurocognitive abnormalities can co-exist in parallel.

Some limitations need to be noted. First, although significant results were revealed in the
analyses per mood state, the number of BD subjects for the different states was limited.
As mentioned above, this may result in the negative finding of unincreased limbic activity
during affective states. Future studies specifically focusing on state-related emotional
and cognitive functioning are required to increase the power of meta-analyses. Second,
we were unable to perform sensitivity analyses and disentangle the potential effects of
psychopharmaceuticals due to heterogeneity in medication®. The great majority of
patients was treated with a mood-stabilizer as monotherapy or in combination with other
psychotropics. However, a review in BD patients found no significant medication effects
on brain activation®. Third, clinical heterogeneity and demographic features often make
it complicated to compare across studies. To obtain generalizable results, we included a
broad range of studies, conditions, and multiple contrasts in three domains of interest,
although cognitively impaired subjects were excluded. Meta-analytic results help one to
draw overriding conclusions and identify consistency in the literature despite heterogeneity,
while they might lack specificity as to the nature of any aberration. A final limitation
is that we could not correct for specific participant factors, including symptomatology
such as psychosis. A few studies measured and reported psychotic symptoms, while
others did not mention anything. In addition, because of the lack of information, we
also did not model gender, medication and comorbidity, factors that might have effects
on brain activity in patients with BD. However, it is known that in particular mood
states are strongly associated with confounding fMRI results, specifically the fronto-limbic
networkS”. In the current analyses, we were able to tackle this important factor.

The current study is the first meta-analysis in BD patients investigating brain activity dur-
ing cognitive and emotional tasks that demand proper fronto-limbic functioning. We were
able to demonstrate that the fronto-limibic network is thoroughly affected in BD, both
in euthymic as well as symptomatic patients. Regarding reward processing specifically,
more studies are needed to replicate and expand our findings. Moreover, fMRI studies in
BD would benefit from the standardization of reward paradigms. Finally, the field will be
furthered by using novel approaches such as multimodal analyses and pattern-recognition
techniques. These advances will likely increase the clinical and scientific relevance of
reward processing fMRI paradigms in BD, which may result in their use during diagnos-
tics or in investigating therapeutic targets. Longitudinal fMRI studies following at-risk
patients as well as first-onset BD patients are needed to examine the development of
cognitive impairments and its association with fronto-limbic findings over the course of BD.
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6.5 Supplementary Online Content

eMethods. Literature search

The literature search included all the fMRI studies on BD before March 2020. An inde-
pendent employee of the Walaeus Library (Leiden University Libraries) performed the
literature search. The auteurs screened first for eligibility based on titles and abstracts
according to the inclusion and exclusion criteria. When this was unclear, the full-text
review was carried out. The full-text of the remaining studies was beside the auteurs
reviewed independently by two interns in the field of psychology. Disagreements were
managed by discussion to reach a consensus.

We used the following key words (using both free-text and MeSH search):

(("fMRI"[tw] OR "f mri"[tw] OR fmr imagx[tw| OR functional magnetick[tw] OR "func-
tional magnetic resonance imaging"[tw] OR "functional mri"[tw] OR "functional mr"[tw]
OR ("Magnetic Resonance Imaging"[mesh] AND "functional"[tw]) OR (("Magnetic Reso-
nance Imaging"[mesh] OR MR imagx*[tw] OR "MRI"[tw] OR "magnetic resonance"[tw])
AND ("Functional Neuroimaging"|[Mesh:noexp| OR functional imag*[tw] OR functional
neuroimagx[tw]))) AND ("Bipolar Disorder"[Mesh] OR "Bipolar and Related Disor-
ders"[Mesh| OR "Bipolar Disorder" [tw] OR "Bipolar Disorders"[tw] OR "Manic-Depressive
Psychosis"[tw] OR "Manic Depressive Psychosis"[tw] OR "Bipolar Affective Psychosis"[tw]
OR "Manic-Depressive Psychoses"[tw] OR "Mania"[tw] OR "Manias"[tw] OR "Manic
State"[tw] OR "Manic States"[tw] OR "Bipolar Depression"[tw] OR "Manic Disorder" [tw]
OR "Manic Disorders"[tw] OR "manic depressive"[tw] OR "manic"[tw] OR Bipolar
affectivk[tw] OR Bipolar diseasex|tw] OR Bipolar disorders[tw] OR bipolar depressx[tw])
NOT ("Animals"[mesh] NOT "Humans"[mesh])
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Figure 6.4: PRISMA Flow chart.
PRISMA flow chart of the literature search for included studies.
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Chapter 7

7.1 General Discussion

The main objective of the present thesis was to expand our knowledge of DB by investigat-
ing 1) endogenous and exogenous predictors of the development and course of the illness,
2) the complex interaction of mania and depressive symptoms, and 3) the long-term
cognitive (dys)function and brain activity of patients with BD. First, in chapter 2 and 3
we examined predictors for the development and course of BD. Second, in chapter 4, we
investigated the influence of external stressors, in particular the COVID-19 pandemic, on
the stability of symptoms associated with the illness. Next, in chapter 5, we examined
the complex interactions of symptoms of BD over time. Finally, in chapter 6, we reviewed
neurocognitive functioning and brain functioning in BD.

This chapter provides a summary of the main findings, clinical implications, strengths
and limitations, future research directions and a general conclusion. A common staging
model will be used as an integrating principle to present the evidence.

7.1.1 Summary

In the chapters 2 and 3, we examined endogenous predictors of the onset and course of BD.

In chapter 2, we investigated whether personality traits independently predicted the
occurrence of (hypo)mania in a group of patients with depressive or anxiety disorder. We
used survival analysis to investigate the influence of personality traits on the incidence of
(hypo)manic symptoms and episodes during the 9-year follow-up. Our results indicated
that low agreeableness was a personality-related risk factor that could anticipate the
development of a (hypo)manic episode or associated symptoms.

Another (somewhat related) prodromal feature for conversion to BD is feelings of anger.
Feelings of anger and irritability are prominent symptoms of BD that may occur during
hypomanic, depressive, and, especially, during mixed mood states. In addition, some
symptoms of BD, including irritability, anger, and emotional instability, overlap with
personality disorders, such as borderline personality disorder and antisocial personality
disorder. In chapter 3, we cross-sectionally examined different constructs of anger
and cluster B personality traits. Prospectively, we investigated the predictive value of
aggression reactivity in the conversion from depression to BD during the 9-year follow-up.
Our study demonstrated a strong and consistent relationship both in the cross-sectional
and in the prospective analysis. Higher levels of anger in all its variants were consistently
associated with bipolarity. In our prospective findings, aggression reactivity was a risk
factor for the conversion to BD in persons with a history of unipolar depression. Patients
with unipolar depression who show higher levels of anger and aggression might be partic-
ularly at risk for the development of BD.

In the 4th Chapter, we conducted a longitudinal investigation of the impact of COVID-
19 measures on young adults recently diagnosed with BD, using an existing cohort from
the BINCO study. This study aimed to compare the levels of symptoms related to mania,
depression, anxiety, and stress before and during the pandemic, using up to six follow-up
measurements in relatively young patients with BD. The results of our study revealed a
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significant increase in observer-rated (hypo)mania symptoms during the first two months
of the pandemic when compared to the (hypo)mania levels observed before the pandemic.

Manic and depressive mood states in BD may emerge from the non-linear relations
between constantly changing mood symptoms exhibited as a complex dynamic system.
The interactions between these symptoms can be captured using the Dynamic Time Warp
(DTW) algorithm, which is capable of analyzing panel data with sparse observations over
time. In Chapter 5, we used DTW to analyze the dynamics of symptoms over time
and utilized symptoms of BD that were collected repeatedly (every 3 to 6 months) to
assess depression and manic symptoms in 141 patients with BD. Idiographic symptom
networks were highly variable between patients. Despite this individual variability, our
group-level analyses revealed five symptom dimensions based on prospective data in
which individuals were analyzed first, before the data were aggregated (core [hypo|mania,
dysphoric mania, lethargy, somatic/suicidality, and sleep). The identification of these five
symptom dimensions acknowledges the variability of clinical states that fall within the
bipolar syndrome, which is much more complex than simply being either in a manic or
depressed state. Moreover, we analyzed the temporal dynamics between the five symptom
dimensions. Symptoms of the 'Lethargy’ dimension showed the highest out-strength, and
its changes preceded those of ’somatic/suicidality’, while changes in ’core (hypo)mania’
preceded those of ’dysphoric mania’. Thus, a state of 'lethargy’ seems to temporally
follow a state ’somatic/suicidality’ or vice versa, that improvements in ’lethargy’ were
followed by improvements in the 'somatic/suicidality’ domain. Similarly, decreases and
increases in the ’dysphoric mania’ domain tended to be followed by similar changes in the
"dysphoric mania’ domain.

In addition to affective symptoms, patients with BD may show cognitive impairments
and emotion regulation deficits during episodes and also during euthymia. In chapter
6, we conducted a meta-analysis of fMRI studies in patients with BD, investigating
emotion processing, reward processing and working memory, domains which all rely on
proper fronto-limbic network activity. Our findings revealed significant differences in brain
activity in BD patients, as compared to healthy controls, mostly within the fronto-limbic
network. BD patients showed hyperactivation in the amygdala and hippocampus and
hypoactivation in the inferior frontal gyrus during emotion processing, hyperactivation
in the orbitofrontal cortex during reward processing, and hyperactivation in the pre-
frontal cortex and anterior cingulate cortex during working memory activity. Interestingly,
limbic activation alterations were only manifested in euthymic BD patients, whereas
more widespread frontal dysfunctions were also found during depression and mania. This
suggests that aberrant limbic activity during cognitive and emotion processing may be a
trait-related BD characteristic; on the other hand, disruptions in frontal cortex activity
may be associated with state-related factors.

7.1.2 Integrating the evidence: the staging models

In this dissertation, we have studied different aspects of bipolar disorder from different
perspectives. As an organizing principle, it can be helpful to describe the chapters in the
context of a common staging model of BD. The model is based on evidence that considers
BD as a neuroprogressive disorder. The general idea is that as the illness progresses over
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time, it will manifest more prominent changes at the clinical and neuropathological level,
ultimately leading to treatment resistance and cognitive deficits'. The staging model of
BD assumes that the disease progresses through a more or less predictable path, starting
at an at-risk or latency stage 0, then a prodromal stage 1 that may progress to a first
clinical threshold episode in stage 2, one or more recurrences in stage 3 with the potential
to revert or progress to late or end-stage manifestations in stage 42. Staging models aim
to be a tool for clinicians to describe the course of BD and provide a potential framework
for interventions for individual patients. Although several staging models® 4 % 6 7 8 have
been proposed for BD, we will focus here on the classic models of Berk et. al (2007)"
and Kapczinski et al. 2009%(see Table 1). The model introduced by Berk et. al (2007)
(further called “model A") is based on the occurrence and recurrence of mood episodes,
whereas the model of Kapczinski et al. 2009 (further called “model B") is defined by
intra-episodic functional impairment. As the work progresses over the chapters, we started
our journey with investigations of patients with BD in a relatively early phase of staging
where the disease has not yet manifested itself, subsequently examining symptomology
and the course of BD, and we ended in the final stage with the investigation of brain
dysfunction of BD patients with noticeable long-term emotional and cognitive impairments.

In chapters 2 and 3, we investigated prodromal features (risk factors), personality traits,
and anger in the development of BD. These two chapters fit best with the staging
phase 1b of model A, the prodrome stage (Table 1). In chapter 4, we examined the
effects of COVID-19 on patients with recently diagnosed bipolar disorder, which best
corresponds with stage 2; "First-episode mood disorder’ of model A. In chapter 5 we
investigate the dynamic interactions of depressive and manic symptoms over time. In
this study, we examined patients with BD who had the disease for some time and often
had multiple episodes. Therefore, chapter 5 fits best in phase 3C of multiple relapses of
model A. Finally, in our fMRI meta-analysis, we investigated the dysfunction of brain
activity in patients with BD. This chapter fits best in stages 3 and 4 of models A and B,
in particular model B, because this model includes impairment in cognition or functioning.

Stage  Model A Model B Thesis
Berk et al. (2007)7 Kapczinski et al. (2009)% Chapters
0 Increased risk of severe mood disorder At risk for developing BD, positive fam-
(e.g., family history, abuse, substance ily history, mood or anxiety symptoms
use). No specific symptoms currently. without criteria for threshold BD.
la Mild or non-specific symptoms of mood  Well-defined periods of euthymia with-
disorder. out overt psychiatric symptoms.
1b Prodromal features: ultra high risk. 2& 3
2 First-episode threshold mood disorder. Symptoms in interepisodic periods re- 4
lated to comorbidities.
3a Recurrence of sub-threshold mood Marked impairment in cognition or
symptoms. functioning.
3b First threshold relapse.
3c Multiple relapses. 5& 6
4 Persistent unremitting illness. Unable to live autonomously owing to 6

cognitive and functional impairment.

Table 7.1: Models for staging in BD.
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7.1.3 Prodromal features: Stage 1

In chapters 2 and 3, we examined endogenous predictors of the onset and course of BD
that can be considered as prodromal features, or ultra-high risk corresponding with stage
1b of Berk et al. (2007). This stage includes patterns of onset of sub-threshold symptoms
or mood fluctuations with comorbid symptoms of anxiety or major depressive episode
with predictors of polarity. One of the difficulties faced by the field involves discovering a
prodromal signature that might have predictive diagnostic value and support a distinct
therapeutic strategy. There are claims that specific indicators and symptoms are common
during the prodromal phase. These include a family history of bipolarity, suicide attempts,
early age of onset, atypical characteristics such as hypersomnia, postpartum episodes,
severe premenstrual syndrome, melancholic psychotic features, a seasonal pattern, a
flattened or lacking energy demeanor, and noticeable irritability® 1°.

We investigated the predictive value of personality traits and anger since earlier cross-
sectional studies indicated a strong association between these predictors and BD. In
addition, these factors had not previously been investigated as potential risk factors or
prodromal features for conversion to BD. We examined these prodromal features of BD
in a longitudinal study focusing on depression, in which a subset of patients eventually
progressed to BD.

BD is often missed or misdiagnosed by clinicians; this is illustrated by an average treat-
ment delayof up to 10 years after the first major mood episode!'!. Although the criteria
for classifying (hypo)mania in patients with BD and unipolar depressive disorder are very
clear, it is often not obvious in clinical practice. BD patients start often with predomi-
nantly depressive episodes, which are usually later followed by (hypo)manic episodes!?.
Earlier studies showed the 5-year rate for conversion to BD is about 20%'3. An unjustified
diagnosis of unipolar disorder can have major disadvantages such as inadequate phar-
macological treatment. Inadequate pharmacological treatments are associated with an
increased risk of recurrence, non-response, longer illness duration, and possible induction
of (hypo)mania'4. The delay in initiating effective treatment may also result in hospital
admissions, longer admission durations, and an elevated risk of suicide!®. Hence, it is
crucial to differentiate between BD and unipolar disorder and accurately identify BD.

Our findings relating to certain personality traits (low agreeableness) and anger could
indicate potential indications of BD, along with clinical features multiple brief depressive
episodes and a family history of BD.

Based on current and previous findings, it can be cautiously concluded that that especially
anger and aggression dysregulation are the most distinct affective characteristics for BD
when compared to unipolar depression. One possible explanation for this is the presence
of mixed mood states. Although further research is needed, the occurrence of agitated or
mixed depression in unipolar depression may indicate an early sign of BD conversion, as
mixed episodes are more common in BD patients.
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First episode: Stage 2

In stage 2, the first episode could present a critical window for timely and suitable inter-
vention. Both misdiagnosis and initiation of inappropriate therapy can worsen the course
of BD?. Having an understanding of the circumstances that may influence the course of a
disease is crucial. Chapter 4 examined the impact of COVID-19 on individuals who have
been recently diagnosed with BD. This group corresponds with stage 2 of model A, which
is characterized as "first-episode mood disorder." The COVID-19 pandemic has had a
significant impact on individuals with BD, as well as the general population. The observed
increase in manic symptoms among the younger-aged cohort in our study, in contrast to
the findings of a previous study'® that reported a decrease in manic symptoms among
older patients with BD, may be attributed to the vulnerability of younger individuals with
BD to life stressors in comparison to older adults. This phenomenon can be explained
by the inoculation hypothesis, which posits that older adults are better equipped to
cope with life stressors due to their greater life experience!”. Given that the observed
increase in (hypo)manic symptomatology in the current sample was relatively mild and
did not result in any severe manic (psychotic) decompensations, it can be interpreted as
a potential indicator of resilience and adaptability among this population, as previously
proposed!®. However, it is crucial to note that the increase in symptoms highlights the
need for close monitoring of individuals with BD, even during lockdown measures and
future national or international crises.

Recurrence: Stage 3

BD advances from prodrome to onset and later to chronicity in stage 2 to 3. In this stage
the interrelationship between symptoms or episodes can be studied, in particular from the
idea that some symptoms can be more central to an episode and potentially predict other
symptoms. Insight into the temporal directional relationships between mood symptoms
(either depression or mania), both in individuals and groups of patients with BD, may
enable more personalized approaches to treatment. In chapter 5, we used DTW, which
is a novel data-analytical approach for psychiatry, to investigate interactions and relative
changes in symptom severity within and between patients with BD over time. DTW is
a computational algorithm that can be used to process individual symptom data and
takes potential non-linear dynamics among symptoms into account'® 20, It focuses on
profiles of change in time series data rather than absolute levels of symptom scores. This
method helped us to investigate the symptom interconnection within longitudinal data,
even when there are only sparse numbers of time points. We provided individual-level
(i.e., idiographic) and group-level (i.e., nomothetic) analyses.

The individual patient analysis revealed significant diversity across patients in symptom
presentation over time. The group-level analyses identified five symptom dimensions,
namely core (hypo)mania, dysphoric mania, lethargy, somatic/suicidality, and sleep. The
identification of these 5 symptom dimensions acknowledges the variability of clinical
states that fall within bipolar syndrome, which appeared to be much more complex
than simply being either manic or depressive. The symptom dimension referred to as
"core (hypo)mania’ appears to correspond to the traditional manic state characterized by
heightened energy, excessive activity, and a euphoric mood. The dimension labeled as
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"dysphoric mania’ is typically indicative of a mixed mood state, as previously described
in literature?! 22, wherein energy levels are heightened while the mood is marked by
irritability and agitation. Prior studies have suggested that this psychiatric state consti-
tutes a critical juncture in which patients undergo a transitional phase from depression
to mania, or vice versa, yet become ensnared in a persistent "switch" state??. Based on
current data, it appears that 'dysphoric mania’ typically follows ’core (hypo)mania’ in a
temporal sequence, indicating that a manic state often progresses into a mixed state over
time. Conversely, a reverse pattern may also occur, whereby as pure manic symptoms
subside, dysphoric symptoms subsequently decrease as well. The two symptom dimensions,
'lethargy’ and ’somatic/suicidality’ are positioned in the depressive pole. The dimension
"lethargy’ consists of typical depressive symptoms, and it precedes increases in symptom
severity in the ’somatic/suicidality’ dimension. This implies that treatment could per-
haps primarily focus on the 'lethargy’ symptoms to reduce ’somatic/suicidality’ symptoms.

Impairment in cognition or functioning: Stages 3 & 4

The adverse effects of recurrent mood episodes in bipolar disorder, compounded by life
stressors and insufficient coping mechanisms, can lead to cumulative neural dysfunction
in patients with BD. Neurocognitive impairments appear to be present to some degree in
the majority of patients with BD in the early course. However, cognitive function tends
to increase with the duration of the illness, the number of mood episodes, and hospital
admission. These cognitive deficits tend to be preserved in a euthymic state and may be
considered a trait-related characteristic of BD. Our fMRI meta-analysis (chapter 6) aimed
to investigate the patterns of brain activity dysfunction in individuals with BD in three
different domains of emotion processing, reward processing, and working memory. This
chapter aligns most closely with stages 3 and 4 of models A and B, specifically model B,
as it encompasses the impairment in cognitive functioning. During emotion processing
tasks, individuals with BD displayed hyperactivity in limbic regions (the amygdala and
hippocampus), as well as hypoactivity in the frontal region (inferior frontal gyrus), when
compared to healthy subjects. Our results suggest that limbic hyperreactivity and reduced
enrolment of prefrontal brain regions might explain the deficiencies in emotional process-
ing in BD. We found increased activity in the left orbitofrontal cortex during reward
processing. This region is crucial for coding pleasure and processing reward outcomes.
Our study found increased activity in the subgenual ACC and ventromedial PFC during
working memory tasks compared to healthy controls. These regions are connected to
limbic structures and involved in reward valuation, emotion regulation, and cognitive
integration. The ventromedial PFC connects the amygdala with the dorsolateral PFC,
regulating the effects of working memory load and emotional interference. Similarly, the
subgenual ACC acts as a bridge between the dorsolateral PFC and amygdala, contributing
to emotional processing and attention. Limbic hyperactivation was only found during
euthymia in emotion and reward processing domains; abnormalities in frontal cortex
activity were also found in BD patients with mania and depression. This might suggest
that poor frontal inhibitory control may be more evident during depressive or manic
episodes, while increased limbic sensitivity may only occur during euthymia and could be
a risk factor for provoking mood episodes.

To the best of our knowledge, this is the first meta-analysis showing robust fronto-limbic
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network abnormalities in emotion and cognitive processing during both in euthymic as
well as symptomatic patients. The differentiation of three cognitive domains in relation
to fronto-limbic network functioning in BD allowed a better perspective on how neurocog-
nitive abnormalities can co-exist in parallel.

7.1.4 Clinical implications

The use of a staging model for BD can help to define clinical needs and guide treatments
and prognosis. From this staging perspective, we can classify the clinical implication of
this thesis. In the first part, we mainly studied prodromal stage 1 features. Identifying the
potential risk factors or prodromal features for the development of BD might have clinical
value in earlier recognition, prevention of conversion into mania, and better-targeted
interventions. Our findings showed that low agreeableness and anger are risk factors
for conversion to BD. In the clinical setting, a patient’s assessment that reveals high
emotional instability, with more feelings of anger and a tendency to disagree, compete,
and be suspicious, could indicate a heightened risk?. Our findings are consistent with
the idea that in clinical practice, BD patients tend to be less agreeable, which might be
associated with less willingness to follow advice. Also, BD patients experience extensive
emotional instability even during euthymic states?® and seem to use maladaptive strategies
such as rumination?S. It is important that patients learn to regulate such feelings in
an appropriate way. Psychotherapy, social therapy, and group-oriented approaches can
help BD patients to prevent decompensation and to develop healthier social relationships.
Other treatment strategies that may especially be apt to improve emotion regulation
are dialectical behavior therapy and systems training for emotional predictability and
problem-solving program, which is based on cognitive behavioral therapy combined with
emotional management skill training?”.

Understanding the impact of environmental stressors, such as life stress, on the progression
of BD is crucial during the early clinical stage 2 of the illness. Our conclusion based on
the results of COVID-19 showed an increase in (hypo)manic symptomatology in recently
diagnosed BD patients during the initial phases of the COVID-19 pandemic compared
to pre-pandemic symptomatology. Closely monitoring the symptoms during stressful
life events can help timely interventions to prevent aggravation of symptoms or full
decompensation.

BD progresses from prodrome to onset and ultimately to chronicity in stages 2 to 3.
Despite the heterogeneity of symptomatology, cycling patterns, and severity of episodes,
the patterns of recurrence within a patient tends to follow the same pattern. The most
important clinical value of our DTW network approach is the unique individual profiles
that DTW can provide. Patient-level analyses can, in principle, be used to construct a
personalized profile of the dynamic relationship between the individual symptoms. Such
personal symptom profiles could enable patients and their caregivers to gain more insight
into their symptom dynamics, depicting which change in one dimension precedes that
of other dimensions. It may also help clinicians in decision-making and personalized
treatment when a network is constructed based on Ecological momentary assessment
(EMA) data gathered in a single patient. However, for this promising application, more
research on individual-level analyses is needed. In the future, we hope that with sufficient
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assessments the individual-level analysis might help to identify early warning symptoms
of a new episode in the treatment. The symptoms with the highest out-strength score
could be promising targets in personalized treatment to prevent a more severe mood
state. For instance, if a patient has central symptoms with the highest scores on ’early
morning insomnia’ and ’sad mood’, these two symptoms could be primarily targeted
in the intervention as these symptoms potentially could develop into other symptoms,
resulting in a more severe episode. The large variation between individuals in our patient
group underline that the clinical states of bipolar syndrome is much more complex than
just the two poles of either mania or depression.

Evidence has shown cognitive and functional decline along with the progression of BD. In
particular, patients in stages 3 (recurrence) and 4 (cognitive and functional impairments)
performed worse than healthy controls in several neurocognitive domains?®. By detecting
altered brain activation in BD, we might get more understanding of the underlying mech-
anisms of symptoms and characteristics of BD. Such differences in brain activity might
explain certain complaints and symptoms of BD that we can observe at the behavioral level
and eventually help us to target therapeutic interventions. For instance, reward processing
dysfunction is relatively new as an underlying mechanism in BD. It is known that patients
with BD show motivational and behavioral (impulsive and risk-taking) problems which are
associated with reward processing in the brain. Results from our metanalysis confirm that
motivational and impulsive/risk taking behavior are also apparent on a neurological level.
This underlines the importance in the clinical setting to pay attention to these problems, for
example in psycho-education on how to signal these symptoms and how to deal with them.

7.1.5 Strengths and limitations

One of the strengths of the present thesis is that we attempted to investigate the develop-
ment and the course of BD from different angles to study the onset and the course of BD,
integrating insight and different methods.

Regarding the NESDA studies (chapter 2 and 3), the most important strengths are the
large sample size and the long follow-up period (9 years). Another strength of NESDA
studies is its longitudinal design and the inclusion of a large group of participants that
oversampled patients with (preceding) depression, which made it possible for us to study
the predictors for conversion to BD. A strength of the COVID study (chapter 4) is the
preexisting data that made it possible to examine and compare symptoms in the same
BD patients both before and during the COVID-19 pandemic. A strength of our network
approach with DTW is that for the first time it allowed an intricate analysis of the
complex temporality of symptoms in various mood states. Finally, our meta-analysis
was the first to show robust fronto-limbic network abnormalities during emotion, reward,
and cognitive functioning. We were able to demonstrate that the fronto-limibic network
is thoroughly affected in BD, both in euthymic as well as symptomatic patients, which
suggests both trait and state differences in BP brain functioning.

A main limitation of this thesis concerns the long-time intervals between measurements

in the longitudinal studies (NESDA and the Bipolar stress Study). This means that
possible relapse or remission in between intervals is unknown. Also, individuals with more
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severe depressive and manic symptoms were underrepresented in our studies. Further
studies with shorter time intervals, with individuals with more severe depressive and
manic symptoms are needed. EMA with BD patients is needed to allow studies with
much shorter time intervals between measurements. EMA uses mobile devices such as
smartphones to assess a range of physical and mental experiences at different moments
throughout the day?® and such data is increasingly used to characterize patients’ daily
lives, monitor mood, and test the efficacy of treatment interventions. Yet, many BD pa-
tients in a current episode may be incapable of completing daily or even weekly assessments.

A limitation of our fMRI analysis is that the number of BD subjects for the different
states was limited. This may have resulted in the negative finding of limbic activity
during affective states. Future studies specifically focusing on state-related emotional and
cognitive functioning are required to increase the power of meta-analyses.

7.1.6 Research implications and future directions

In the current dissertation, most of the studies (except for the fMRI meta-analysis) were
based on longitudinal data analyses. The longitudinal studies have proven their great value
for in BD. One of the benefits of a longitudinal study is the ability to identify developments
or particular changes in the characteristics of BD (at both individual and group levels).
In other words, it extends beyond a single moment in time by establishing sequences of
events. The studies in the current thesis contribute to expanding our knowledge by using
different approaches, such as DTW to investigate and interpret the complex longitudinal
symptom associations in BD. Next, we performed an fMRI meta-analysis because the
heterogeneity of imaging findings limits their importance for the understanding of the
pathophysiology of BD. By performing an fMRI meta-analysis, we aimed to aggregate
the evidence to draw more rigorous conclusions regarding the potential abnormalities in
the fronto-limbic network in BD.

Conducting research across all phases of BD is essential from a staging perspective.
This allows for a better understanding of the disorder’s progression and facilitates the
development of targeted interventions. To start, longitudinal studies following at-risk
patients as well as first-onset BD patients are needed because they offer the ability to
prospectively detail the emerging psychopathologic condition and provide for comparison
between at-risk offspring who become affected and those who do not become affected.
In line with this, longitudinal neuroimaging studies following at-risk patients as well as
first-onset BD patients are needed to examine the development of cognitive impairments
and their association with fronto-limbic findings over the course of BD. In order to
investigate prodromal features that affect the development and course of BD, larger and
more longitudinal studies are needed. In addition, we need more nationwide large cohorts,
like NESDA, to study BD from different angles over time to study the course of the disease.

The ongoing BINCO research with recently diagnosed will expand our knowledge of BD by
investigating the biological, neurological, psychological, and environmental factors from the
start of treatments. In this study, lifestyle and psychological factors in combination fMRI
and omics data such as metabolomics and microbiome are collected, which can help us to
understand the link between these biological and environmental factors. In parallel, we
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need research examining treatment effects (psychotherapy and pharmacotherapy) on the
course, mood fluctuations, cognitions, and, importantly, the quality of life of patients with
BD. The models on BD are mainly based on biological theories; however, recent studies
have shown that psychotherapeutic interventions are beneficial in terms of symptom reduc-
tion, episode prophylaxis, and improvement of adherence and psychosocial functioning?°.
This field of psychology in BD is still relatively unexplored and needs more future research.

Moreover, future network analyses based on new technics such as DTW are needed, which
view these disorders as complex dynamic systems rather than as a disorder with an
underlying common cause. They hopefully can form a bridge between science and clinical
setting in the sense that they can be applied to better map individual symptoms strategies
over time to target appropriate treatment. Preferably, in the future DTW and EMA
can be combined to examine the link between physiological and psychological factors,
such as emotion and stress or sleep, with short time-interval (daily or weekly). Finally,
longitudinal neuroimaging studies in patients who suffer from cognitive impairments are
needed to examine the long-term alternations in brain activity patterns to understand
the progression of the illness and, to provide more targeted treatments in this late or end
stage of BD.

7.2 General conclusion

In sum, in this dissertation we investigated BD from different angles. By studying predic-
tors and interconnection of symptoms over time in BD we expanded our knowledge about
the recognition of risk factors, prevention of conversion into mania, early alarm symptoms
of decompensation, and potentially better-targeted interventions. By investigating brain
characteristics of BD, we got more insight into state and trait alternations in brain
activity patterns which can help to better understand underlying mechanism of mood
dysregulations and cognitive deficiencies in BD. To return to our research questions:

What are endogenous and exogenous predictors for the development and course of BD?
In this dissertation, we demonstrated that personality traits low agreeableness and anger
are endogenous predictors for conversion in BD, and COVID-19 as an exogenous predictor,
was a trigger for (hypo)manic symptoms in BD.

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

We investigated interactions and relative changes in symptom severity in patients with
BD and showed that symptoms affect and interact with each other. On an individual
level, we showed how heterogeneous these symptom profiles are, and on group levels, we
demonstrated how five dimensions interacted over time.

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

We demonstrated that BD patients showed dysfunction of the fronto-limbic network,
present in both euthymic and symptomatic patients.
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With this dissertation, we add to the small research steps that are needed better under-
stand the etiology, symptomatology, and neurobiology of BD, with the ultimate aim to
aid in the diagnosis and personalized treatment of patients with.
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8.1 Nederlandse Samenvatting

Het belangrijkste doel van dit proefschrift was om onze kennis van bipolaire stoornis
(BS) uit te breiden door het onderzoeken van 1) endogene en exogene voorspellers van
de ontwikkeling en het beloop van de ziekte, 2) de complexe interactie van manie en
depressieve symptomen en 3) de lange-termijn cognitieve (dis)functie en hersenactiviteit
van patiénten met BS. Ten eerste hebben we in hoofdstuk 2 en 3 voorspellers voor de
ontwikkeling en het beloop van BS onderzocht. Ten tweede hebben we in hoofdstuk 4
de invloed van externe stressoren onderzocht, met name de COVID-19 pandemie, op
de stabiliteit van symptomen die verband houden met de ziekte. Vervolgens hebben
we in hoofdstuk 5 de complexe interacties van symptomen van BS in de loop van de
tijd geanalyseerd. Tot slot hebben we in hoofdstuk 6 neurocognitief functioneren en
hersenfunctie in BS onderzocht.

In hoofdstuk 2 hebben we bestudeerd of persoonlijkheidstrekken onafhankelijk voorspel-
lend waren voor het optreden van (hypo)manie bij een groep patiénten met een depressieve
of angststoornis. We hebben "Survival analyse" gebruikt om de invloed van persoonli-
jkheidstrekken op het voorkomen van (hypo)manische symptomen en episoden gedurende
de 9-jarige follow-up te onderzoeken. Onze resultaten wezen erop dat lage meegaandheid
(agreeableness) een persoonlijkheidsgerelateerde risicofactor was die de ontwikkeling van
een (hypo)manische episode of bijbehorende symptomen kon voorspellen.

Een andere (enigszins gerelateerde) prodromale eigenschap voor de conversie naar BS zijn
gevoelens van boosheid. Gevoelens van boosheid en prikkelbaarheid zijn prominente symp-
tomen van BS die kunnen optreden tijdens (hypo)mane, depressieve en vooral gemengde
stemmingstoestanden. Bovendien overlappen sommige symptomen van BS, waaronder
prikkelbaarheid, boosheid en emotionele instabiliteit, met persoonlijkheidsstoornissen
zoals borderline- en antisociale persoonlijkheidsstoornis. In hoofdstuk 3 hebben we in
een cross-sectioneel onderzoek naar relatie tussen BS en verschillende constructen van
boosheid en cluster B-persoonlijkheidstrekken. Prospectief hebben we de voorspellende
waarde van boosheid onderzocht bij de conversie van depressie naar BS gedurende de
9-jarige follow-up. Onze studie toonde een sterke en consistente relatie aan, zowel in de
cross-sectioneel-analyse als in de prospectieve analyse. Hogere niveaus van boosheid in
al zijn varianten werden consequent geassocieerd met bipolairiteit. In onze prospectieve
bevindingen was boosheid een risicofactor voor de conversie naar BS bij personen met een
voorgeschiedenis van unipolaire depressie. Patiénten met unipolaire depressie die hogere
niveaus van boosheid en agressie vertonen, lopen mogelijk risico op de ontwikkeling van BS.

In hoofdstuk 4 hebben we een longitudinaal onderzoek uitgevoerd naar de impact
van COVID-19-maatregelen op jongvolwassenen die recentelijk de diagnose BS hebben
gekregen, met behulp van een bestaand cohort uit de BINCO-studie. Deze studie had
tot doel de niveaus van symptomen gerelateerd aan manie, depressie, angst en stress te
vergelijken voor en tijdens de pandemie, met behulp van maximaal zes follow-upmetingen
bij relatief jonge patiénten met BS. De resultaten van onze studie toonden een significante
toename van scores van (hypo)manische symptomen gedurende de eerste twee maanden
van de pandemie in vergelijking met de (hypo)manie-scores die vooér de pandemie werden
waargenomen.
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Manische en depressieve stemmingstoestanden bij BS kunnen voortkomen uit de niet-
lineaire relaties tussen voortdurend veranderende stemmingsymptomen die zich man-
ifesteren als een complex dynamisch systeem. De interacties tussen deze symptomen

kunnen worden vastgelegd met behulp van het Dynamic Time Warp (DTW) algoritme,
dat in staat is om paneelgegevens met spaarzame observaties in de tijd te analyseren. In

hoofdstuk 5 hebben we DTW gebruikt om de dynamiek van symptomen in de tijd te

analyseren en symptomen van BS die herhaaldelijk werden verzameld (elke 3 tot 6 maan-
den) te meten bij 141 patiénten met BS. Idiografische symptoomnetwerken (onderlinge)

verschilden sterk tussen patiénten. Ondanks deze individuele variabiliteit onthulden onze

groepsanalyses vijf symptoomdimensies (kern [hypo]manie, dysfore manie, lusteloosheid,
somatisch /suicidaliteit en slaap) op basis van prospectieve gegevens waarbij individuen

eerst werden geanalyseerd voordat de gegevens werden geaggregeerd. De identificatie van

deze vijf symptoomdimensies erkent de variabiliteit van klinische toestanden die binnen

het bipolaire syndroom vallen, wat veel complexer blijkt te zijn, en vaak simpelweg wordt

platgeslagen in het hebben van een manische of depressieve toestand. Bovendien hebben

we de temporele dynamiek tussen de vijf symptoomdimensies geanalyseerd. Symptomen
van de dimensie 'lusteloosheid’ vertoonden de hoogste 'out-strength’ en de veranderingen
ervan gingen vooraf aan die van ’somatisch/suicidaliteit’, terwijl veranderingen in ’kern

(hypo)manie’ voorafgingen aan die van ’dysfore manie’. Zo lijkt een toestand van "lus-
teloosheid’ te volgen op een toestand van ’somatisch/suicidaliteit’, of andersom, waarbij

verbeteringen in ’lusteloosheid’ gevolgd werden door verbeteringen in het domein van

’somatisch/suicidaliteit’. Op dezelfde manier leken afnames en toenames in het domein

"dysfore manie’ gevolgd te worden door vergelijkbare veranderingen in het domein ’dysfore

manie’.

Naast affectieve symptomen kunnen patiénten met BS cognitieve beperkingen en tekorten
in emotieregulatie vertonen tijdens episoden en ook tijdens euthymie. In hoofdstuk 6
hebben we een meta-analyse uitgevoerd van fMRI-studies bij patiénten met BS, waarbij
we emotieverwerking, beloningsverwerking en werkgeheugen hebben onderzocht, domeinen
die allemaal afthankelijk zijn van de juiste activiteit in het fronto-limbische netwerk. Dit
netwerk bestaat uit twee delen: het frontale gedeelte, dat voornamelijk bekend staat om
zijn denkfuncties, en het limbische gedeelte, dat vooral betrokken is bij emoties. Het
omvat onder andere de prefrontale cortex (PFC), amygdala, anterior cingulate cortex
(ACC), hippocampus en nucleus accumbens. Deze gebieden werken samen om emotionele
prikkels te verwerken, emotionele reacties te genereren en te reguleren, en een rol te spelen
in het geheugen en motivatie. Het fronto-limbische netwerk speelt een cruciale rol bij het
functioneren van individuen en kan verstoord zijn bij bepaalde psychische aandoeningen,
waaronder bipolaire stoornis. Onze bevindingen toonden significante verschillen in hersen-
activiteit bij patiénten met BS in vergelijking met gezonde controlepersonen, voornamelijk
binnen het fronto-limbische netwerk. Mensen met BS vertoonden meer actieve amygdala
en hippocampus en minder actieve inferieure frontale gyrus in vergelijking met gezonde
mensen tijdens het verwerken van emoties. De amygdala speelt een essentiéle rol bij
het verwerken en reguleren van emoties. De amygdala is betrokken bij het herkennen
en interpreteren van emotionele prikkels, zoals angst, woede, plezier en verdriet. De
hippocampus speelt naast geheugen ook een rol bij het omgaan met sociale en emotionele
situaties en het ervaren van verschillende emotionele toestanden. De inferieure frontale
gyrus speelt een belangrijke rol bij de regulatie van emoties. Deze is betrokken bij het
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beheersen en moduleren van emotionele reacties. Het helpt bij het reguleren van de
intensiteit van emoties, het onderdrukken van ongewenste emoties en het aanpassen van
emotionele reacties aan verschillende situaties. De inferieure frontale gyrus werkt samen
met andere hersengebieden, zoals de amygdala, om de emotionele respons te reguleren
en emotionele prikkels te interpreteren. Het lijkt erop dat mensen met BS overdreven
gevoelig reageren op situaties door een overactieve amygdala en een onderactieve inferieure
frontale gyrus. De inferieure frontale gyrus slaagt er niet in deze reacties voldoende te
onderdrukken, wat kan leiden tot problemen met emotieregulatie.

In het domein van het beloningssysteem werd een overactivatie in de orbitofrontale cortex
gevonden tijdens beloningsverwerking. De orbitofrontale cortex is als het ware het be-
loningscentrum van onze hersenen. Een overactivatie van dit gebied bij individuen met
een BS betekent dus dat ze extreem gevoelig reageren op beloningen en mogelijk moeite
hebben om bepaalde impulsen onder controle te houden (vooral tijdens een manische
episode).

Tijdens werkgeheugen taken vonden we een verhoogde activiteit vooral in de frontale
gebieden (de ventromediale prefrontale cortex en de subgenuele anterior cingulate cortex.
Beide brein gebieden zijn belangrijk als het gaat om het combineren van denkwerk
en emoties.

Wij hebben ook gekeken hoe het brein van mensen met BS functioneert
tijdens verschillende gemoedstoestanden (depressie, manie en stabiel). Tijdens de
"stabiele" periodes van BS, ook wel euthymie genoemd, zagen we dat het limbische
gedeelte van de hersenen extra actief was als het ging om emoties en beloningen.
Maar als mensen met BS last hadden van manie of depressie, zagen we juist
problemen in het frontale gedeelte van de hersenen.

Onze resultaten hebben laten zien dat er problemen zijn met de activiteit in
belangrijke hersengebieden die te maken hebben met denken en emoties bij mensen met
BS. De meeste van die gebieden maken deel uit van een fronto-limbisch netwerk.
Onze bevindingen suggereren dat deze problemen met de hersenactiviteit, zowel tijdens
stabiele periodes als wanneer de symptomen opspelen (depressie of manie), kunnen
leiden tot problemen met het denken en de emoties bij mensen met BS.

In het kort, hebben we in dit proefschrift BS vanuit verschillende
invalshoeken onderzocht. Door voorspellers en de onderlinge verbinding van
symptomen in BS in de loop van de tijd te bestuderen, hebben we onze
kennis uitgebreid over het herkennen van risicofactoren, het voorkomen
van de conversie naar manie, vroege waarschuwingssymptomen  van
decompensatie en potentieel beter gerichte interventies. Door de hersenfunctie van
BS te onderzoeken, hebben we meer inzicht gekregen in veranderingen in
hersenactiviteitspa-tronen, die kunnen helpen bij een beter begrip van  de
onderliggende mechanismen  van stemmingsregulatie en cognitieve
tekortkomingen bij BS.
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Samenvattend hebben we met dit proefschrift de volgende onderzoeksvragen proberen te
beantwoorden:

Wat zijn endogene en exogene voorspellers voor de ontwikkeling en het verloop van BS?

Antwoord: We hebben aangetoond dat persoonlijkheidskenmerken zoals lage meegaand-
heid en boosheid endogene voorspellers zijn voor de overgang naar BS, en COVID-19 als
exogene voorspeller fungeerde als een trigger voor (hypo)manische symptomen bij BS.

Hoe zijn de symptomen van BS met elkaar verbonden en hoe interageren ze in de loop
van de tijd?

Antwoord: We hebben interacties en relatieve veranderingen in de ernst van symptomen
bij patiénten met BS onderzocht en aangetoond dat symptomen elkaar beinvloeden en
met elkaar interageren. Op individueel niveau hebben we laten zien hoe heterogeen deze
symptoomprofielen zijn, en op groepsniveau hebben we aangetoond hoe vijf dimensies in
de loop van de tijd met elkaar interacteren.

Vertonen patiénten met BS afwijkende hersenactiviteitspatronen in vergelijking met gezonde
controlepersonen?

Antwoord: We hebben aangetoond dat patiénten met BS, een afwijkende hersenactiviteit
vertoonden in het fronto-limbische netwerk, zowel bij euthyme als symptomatische patién-
ten.

Met dit proefschrift dragen we bij aan de kleine onderzoeksstappen die nodig zijn om de
etiologie, symptomatologie en neurobiologie van BS beter te begrijpen, met als ultiem
doel bij te dragen aan betere diagnostiek en gepersonaliseerde behandeling van patiénten
met BS.
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