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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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