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Bipolar disorder (BD), also known as manic depressive illness, is a chronic disease, 

associated with episodic extremes in mood. Prevalence rates vary strongly, with a 

reported range between 0.8 - 5.5%
1,2

. This broad range is likely caused by 

variances in the populations studied, the operationalization of bipolar disorder
3
, 

and both the course of the illness
3
 and overlap between BD and other psychiatric 

disorders complicating diagnosis
4
. In a comprehensive review, Bebbington and 

Ramana
3

 state that it is probably reasonable to suggest a compromise prevalence 

rate of 1-1.5%, concluding that bipolar disorder is thus a rare albeit debilitating 

disease.  

 

A disorderly disorder 

Frank and colleagues
5
 characterized bipolar disorder as a disorderly disorder, 

describing the course as typically hectic and variable. Indeed, the term BD covers 

a spectrum of disorders of diverging severity with a highly variable course. BD 

type I is usually characterized by an alternation of manic and depressive episodes, 

although mania and depression can co-occur in a mixed-state. Among other 

criteria for a diagnosis BD I, at least one manic phase is to be included in a 

patients’ history. Episodes of mania and depression typically recur over the 

lifespan, and between episodes many patients still experience residual symptoms. 

When 4 or more episodes occur per year, the course of the illness follows a rapid 

cycling pattern
6
.  

 Many patients never develop severe mania but instead experience milder 

episodes, regarded as hypomania, alternating with depression; a disease state that 

is classified as BD II. Presence of psychosocial dysfunction is an essential 

characteristic distinguishing a manic phase from a hypomanic state. Cyclothymia, 

a milder form of BD, is characterized by alternating hypomanic and dysthymic 

states, the latter referring to a state of depression of less severity than major 

depressive disorder. In case a patient clearly suffers from some type of bipolar 

illness but does not meet the criteria for one of the subtypes above, a diagnosis 

‘BD Not Otherwise Specified’ (BD-NOS) is indicated
6
.  

 The impact of BD should not be underestimated, as it may have a 

devastating effect on many aspects of the patient’s life including but not limited 

to social
7
 and cognitive functioning

8
, work-related performance

7-9
 and quality of 

life
9
, with high life-time suicide rates of 19.8%, a 27.6-fold increase compared to 

the general population
10

.  
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The course of the illness 

The illness course of bipolar disorder may follow the ‘kindling principle’: the 

natural tendency of the illness is assumed to be toward cycle acceleration and 

episodes tend to become more autonomous and independent from exogenous 

precipitants. It is now apparent that, with extensive and consistent treatment, the 

illness can be decelerated for most individuals
11

. The course of the illness, 

however, is influenced by a large range of internal and external factors, including 

but not limited to demographic and illness characteristics, social circumstances, 

comorbid somatic or psychiatric disorders, genetic vulnerability and the patients’ 

illness history
12-14

. For instance, severe episodes of mania or depression can 

include psychotic symptoms
15

. More than half of patients with bipolar disorder 

experience psychotic symptoms in their lifetime
10,15

. Even though inconsistent 

findings on the effect of psychotic symptoms on treatment course in BD have 

been reported
16,17

, Kendler
18

 concludes his review by stating that this irregularity 

in reported results may be caused by neglecting to distinguish mood-congruent 

from mood-incongruent psychosis within research designs. Indeed, mood-

incongruent psychosis appears to have a more negative effect on illness course 

compared to mood-congruent psychosis
17

.  

 Furthermore, the effects of comorbid disorders on both short-term and 

long-term outcome have been extensively studied, in particular highly prevalent 

anxiety disorders and alcohol abuse. Anxiety in patients with BD tends to have an 

adverse effect by intensifying symptoms of BD and other comorbid disorders, 

which consequently has a negative impact on the patient and on the course of 

BD
19

. Prevalence rates of comorbid anxiety are high; the STEP-BD trial reported 

51.2% for a lifetime anxiety disorder and 30.5% for a current anxiety disorder
20

. 

Alcohol abuse is also highly frequent in BD patient populations, and has found to 

exert a negative effect on the course of the illness by increasing symptom severity 

and cycle acceleration, among other effects
21

. These findings illustrate the 

potential impact of individual variances on the course of the disease. Obviously, 

extensive knowledge on the factors influencing the illness course not only 

provides physicians tools to set realistic treatment goals, but gives both physicians 

and patients more insight in opportunities to work towards the most optimal 

treatment outcome. 
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The origin of bipolar disorder 

As is common in medical science, substantial research is directed towards the risk 

factors for developing BD. In the past few years, cohort studies in the general 

population have reported interesting findings on the prodromal stage of BD, 

which may consist of subclinical symptoms of depression, mania or psychosis, 

anxiety, substance abuse and suicidal thoughts, among other characteristics
22

. 

Many risk factors were investigated, derived from the genetic, historical, clinical 

and social status of patients who eventually develop a full-blown BD. One 

difficulty emerging from these studies was the finding that characteristics of the 

BD prodromal phase are qualitatively non-specific in nature. Discrimination with 

respect to the prodromal stage of other psychiatric illnesses was found to be 

intricate, particularly the differentiation from schizophrenia but also attention-

deficit hyperactivity disorder and borderline personality
22

. Moreover, risk factors 

for developing clinically significant psychotic symptoms were quite similar across 

clinical psychosis-related syndromes such as bipolar disorder, schizoaffective 

disorder and schizophrenia, albeit the magnitude of these risk factors was found 

to differ between various syndromes
23,24

. 

 Of particular interest within this context are the few studies investigating 

how and to what extent subclinical affective dysregulation (hypomania, mania or 

depression) and psychotic symptoms transitions into clinical BD. Subclinical 

(hypo)manic, depressive or psychotic symptoms were found to be a common but 

usually transitory developmental phenomenon
25,26

 with a high degree of co-

occurrence
27-31

. Presence of these individual symptoms as well as certain 

combinations of symptoms were found to increase the transition risk to BD and 

clinical psychosis
26,27,32,33

.  

 The increasing evidence on associations between affective dysregulation 

and psychotic experiences also includes data from clinical samples: psychotic 

symptoms are reported within the context of a range of affective clinical 

disorders
34,35

 and, conversely, high rates of affective symptoms have been 

demonstrated in patients diagnosed with DSM-IV non-affective psychotic 

disorders
36,37

 and schizotypy
38

. Insight in the interrelationship between affective 

dysregulation and psychotic experiences regarding onset, persistence and 

associated impairment may aid research on transitioning mechanisms to clinical 

syndromes and might even provide a tool to identify ultra high risk individuals. 
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Objectives and outline of this thesis 

The main objective of this thesis was to investigate the nature of BD-related 

symptoms on two levels; i) on a subclinical level, we wished to investigate the 

effect of the presence of affective dysregulation on the presence, course and 

impact of reality distortion; ii) on a clinical level, we wished to investigate illness 

characteristics and factors influencing the short-term and long-term course of 

bipolar illness. Two large cohort studies are the foundation of all analyses 

included in this thesis; the Early Developmental Stages of Psychopathology 

(EDSP) study and the European Mania in Bipolar Longitudinal Evaluation of 

Medication (EMBLEM) study. Both designs are described in the following 

sections. 

 The second chapter of this thesis focuses solely on subclinical symptoms 

of depression, (hypo)mania and psychosis from an epidemiological perspective, 

and potential underlying mechanisms such as dysfunctional cognitive processes 

and emotional salience misattribution. Using data from the general population 

(EDSP), associations between affective dysregulation (depression or (hypo)mania 

symptoms) and psychotic experiences were tested, as well as the impact of 

affective dysregulation on persistence of psychotic symptoms and the impairment 

associated with psychotic symptoms over time.  

 Chapters 3, 4 and 5 describe analyses on factors influencing the course of 

the illness, using the EMBLEM dataset. More specifically, chapter 3 investigates 

factors that may moderate the speed of symptom improvement in acutely manic, 

psychotic and depression symptoms. Although much research has been directed 

towards clinical and demographic predictors at baseline for treatment outcome 

after 3 months
12,39

, these studies did not take into account the fact that symptom 

improvement takes place over time. This is valuable information in setting 

realistic treatment expectations, as qualitative response patterns may be apparent 

over time that cannot be derived from final treatment outcomes. Multiple 

variables derived from the social and psychopathological context were 

investigated as potential moderators of the rate of response for mania, psychotic 

and depression symptoms. 

 Chapter 4 describes analyses directed towards the stability over time and 

treatment outcomes of 3 distinct classes of mania. In a preceding paper on the 

same patient sample, factor analysis was conducted to extract distinctive classes 

of patients using baseline data
40

. Three classes were distinguished; ‘Typical 

Mania’, ‘Psychotic Mania’ and ‘Dual Mania’, constituting 59%, 28% and 13% of 
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the sample, respectively. A worrisome finding, as eligibility criteria applied in 

randomized controlled trials excludes patients from the Dual Mania class 

(referring to misuse of substances), which may create a gap in our knowledge on 

treatment effectiveness
40

. For this reason, it was important to test whether the 

distinction found by Haro and colleagues would persist over time, validating their 

finding. Additionally, it was of practical relevance to examine whether these 3 

classes would demonstrate differential treatment response, in both the 

psychopathological and the social domain.  

 The effect of cannabis use on treatment outcome has been extensively 

studied in schizophrenia, providing evidence of a deleterious effect
41,42

. Given 

reports of high rates of cannabis use in patients with BD
43

, surprisingly little 

research has been conducted on this topic. Additionally, the psychotic 

symptomatology frequently associated with BD may complicate or worsen the 

clinical effects of cannabis use, and vice versa. Chapter 5 presents the results of 

research on the effect of cannabis exposure during one year of treatment on 

psychopathological outcome and social functioning in a BD population. 

 The sixth chapter examines movement disorders within the context of 

bipolar illness, using the EMBLEM dataset. Movement disorders, in particular 

tardive dyskinesia, have been elaborately studied within the context of 

schizophrenia. Even though literature suggests that patients with bipolar illness 

may be more vulnerable for movement disorders
44

, this concept is rarely 

investigated within a BD population. Next to incidence rates of tardive movement 

disorders (i.e., tardive dyskinesia and tardive dystonia), associations between 

these movement disorders on the one hand and other illness characteristics on the 

other (i.e. symptomatology as well as side effects) are examined. 

 

Introducing the EDSP study 

The Early Developmental Stages of Psychopathology study is a prospective-

longitudinal cohort study. Data were collected in a representative population 

sample of adolescents and young adults living in the Munich area (Germany), 

aged 14-24 years at baseline. The study sample was randomly drawn from the 

1994 government population registers. Fourteen to 15-year-olds were sampled at 

twice the rate of 16- to 21-year-olds, and 22- to 24-year-olds were sampled at half 

this rate. Ethics Review Board approvals and patient consent followed country 

regulations. Detailed information about design, sample, instruments, procedures, 

and statistical methods of the EDSP is presented elsewhere
45,46

. 
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Longitudinal study design 

The study consists of a baseline survey (T0, n=3021) and 3 follow-up 

investigations (T1, T2, T3), covering a time period of approximately 1.6 years (T0-

T1, SD=0.2), 3.4 years (T0-T2, SD=0.3) and 8.3 years (T0-T3, range 7.4-10.6 years, 

SD=0.7) respectively. The response rate was 84% at T2 (n=2548) and 73% at T3 

(n=2210). With this exceptional sample of adolescents and young adults drawn 

from the general population, the EDSP study provides a rare opportunity to gain 

insight into the prodromal phase of various psychiatric illnesses and the 

mechanisms that either protect from or facilitate transition to clinical syndromes.  

 

Measures 

Interviews were conducted using the Computer-Assisted Personal Interview 

(CAPI) version of the Munich-Composite International Diagnostic Interview (DIA-

X/M-CIDI
47

), an updated version of the World Health Organization’s CIDI version 

1.2
48

. The DIA-X/M-CIDI is a comprehensive, fully standardized diagnostic 

interview and assesses symptoms, syndromes and diagnoses of various mental 

disorders in accordance with the definitions and criteria of DSM-IV and ICD-10. 

High validity
49

 as well as high interrater and test-retest reliability of the CIDI have 

been established
50,51

. In order to ensure reliability of the assessments, fully trained 

and experienced clinical psychologists who were allowed to probe with follow-up 

questions conducted the interviews. At baseline, the lifetime version of the DIA-

X/M-CIDI was used; for the follow-up interviews, the DIA-X/M-CIDI interval 

version was used, covering the respective time periods between interviews.  

 

Limitations 

Several limitations should be taken into account when interpreting results from 

this sample. First, the EDSP is an epidemiological study, and no direct measures 

of affective and cognitive processes were available, making it difficult to gain 

insight into underlying mechanisms. Second, the measurements were too far 

apart for dynamic models of the onset of impairment as a function of affective 

dysregulation. Third, although interviews were conducted by experienced clinical 

psychologists, the assessment of psychotic experiences will likely contain false 

positive answers. The impact of these and other limitations is discussed in 

Chapter 2. 
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Introducing the EMBLEM study  

The European Mania in Bipolar Longitudinal Evaluation of Medication 

(EMBLEM) is a 2-year prospective observational study on the outcome of 

pharmacological treatment for mania in the context of bipolar disorder. 

Psychiatrists across 14 European countries (Belgium, Germany, Denmark, Finland, 

Norway, France, UK, Ireland, Switzerland, Portugal, Spain, Italy, Greece, and the 

Netherlands) included 3692 patients between 2001 and 2004. The primary 

objective of the study is to compare changes in symptoms of mania treated with 

olanzapine versus other medication (antipsychotics, lithium and anticonvulsants). 

Secondary objectives include evaluation of symptomatic recovery and relapse as 

well as functional status. The study also attempted to investigate associations 

among treatment patterns, patient as well as disease characteristics and outcome. 

Ethics Review Board approvals and patient consent followed country regulations. 

 

Longitudinal study design 

Enrolled patients were followed up as part of normal clinical care, i.e. no specific 

study visits were scheduled. A maximum of 10 observations covered a 2 year 

period. A time range was specified for each assessment in which study data could 

be collected if the patient attended an appointment as part of normal clinical care. 

The study can be divided into an Acute Phase, with assessments at baseline and 

after 1, 2, 3, 6 and 12 weeks, and a Maintenance Phase, including measurements 

at 6, 12, 18 and 24 months post-baseline. Baseline data was to be collected within 

24 hours after initiating or changing medication. 

 

Patient sample 

Adult in- and outpatients from rural and urban facilities were included when oral 

medication for the treatment of a manic or mixed episode was initiated or 

changed within the standard course of care (excluding simple dose adjustments). 

The treating physician determined on the presence of a manic or mixed episode 

through standard diagnostic criteria (DSM-V, ICD and/or clinical judgement). To 

be considered eligible for participation, the score on the Clinical Global 

Impression for mania (severity of mania rated on a seven-point scale, higher is 

worse
52

) should be at least 3 at baseline. The decision to initiate or change 

medication, as well as the type of medication that was selected, was at the 

discretion of the physician and independent of participation in the study. 

Eligibility for the study was unconditional with regards to the prescribed 



 

P
ag

e 
1

5
 

 
 

 
   

C
h

ap
te

r 
2
 

medication for mania or a mixed episode. Investigators were asked but not 

required to enroll approximately a similar number of patients starting with 

olanzapine as with other medication (that is, other antipsychotic, lithium or 

anticonvulsant). In line with the naturalistic design of the study, patients were not 

required to continue the medication regimen that was initiated at baseline. 

Throughout the study, medication and/or dosages could be adjusted according to 

clinical necessity, as judged by the investigator. Simultaneous participation in 

another study was not allowed when this involved treatment intervention or an 

investigational drug.  

 Of the included 3692 patients, 3459 fulfilled the inclusion criteria and 

formed the basic sample for all analyses. The specific risk set of patients included 

in the individual analyses varies somewhat due to the conditions set for each 

analysis. Additionally, the period of follow-up and the variables used differs 

between the individual analyses, which consequently impacts the patient sample 

studied. Therefore, demographic information and patient characteristics are 

specified per analysis and presented in subsequent chapters. Not all countries 

continued participation into the Maintenance Phase of the EMBLEM study: 

Switzerland, Germany, Denmark and Spain only participated in the Acute Phase 

of the study. However, with a study population at baseline of 3459 eligible 

patients, the EMBLEM represents the largest prospective observational study in 

her field. This unique sample size makes the EMBLEM an invaluable source to 

gain insight into the long term course of BD, factors affecting it, and associations 

among illness characteristics. Additionally, the sample size enables powerful 

statistical techniques to control for confounding factors. 

 

Measures 

Ease of use and simplicity of assessments were important considerations in the 

choice of scales and measurements. Psychiatric history (e.g. age of first contact 

due to bipolar symptoms, suicide attempts, number of episodes in the past year) 

and clinical status (e.g. hospitalization) were assessed, as well as basic 

demographic information (e.g. age, gender, social economic status), various 

symptom severity measures (Clinical Global Impression, Young Mania Rating 

Scale, Hamilton Depression scale), substance use (previous or current use of 

alcohol, cannabis and other substances such as heroin), social functioning (e.g. 

independent living, work impairment, number of dependents to care for), Life 



 
P

ag
e 

1
6
 

Chart Methodology, satisfaction with life, compliance with medication, side 

effects and treatment regimens (for a detailed overview
40,53

). 

 

Limitations 

Certain limitations are important to consider. First, a large number of countries 

and investigators participated in the EMBLEM study. Although this enabled 

inclusion of a large sample size, the combination of countries with different 

health care systems may have prevented the compilation of an entirely 

representative patient sample. Similarly, the participation of a large number of 

investigators may have introduced error by reducing the reliability of the 

assessments. Nevertheless, this prospective observational study provides clinically 

relevant information about the status of manic patients and their treatment across 

Europe. Second, an elaborate structured diagnostic interview was not 

administered in this study. Diagnoses were based on standard diagnostic criteria 

and clinical judgement of investigators, in line with daily practice in Europe. 

Therefore, the patients enrolled cannot be considered representative of all bipolar 

patients as they reflect those patients who are treated by psychiatrists practicing 

in Europe. A final limitation concerns patient selection as the sample was 

composed of patients experiencing a manic or mixed episode, which may have 

reduced the generalisability to some extent and maybe even biased the results 

related to depressive symptoms in the applicable analyses. Additionally, for the 

individual analyses specific considerations may need to be taken into account, 

which are described in the respective chapters.  

 

General considerations  

Randomized Clinical Trials (RCTs) are often regarded as the golden standard for 

investigating treatment efficacy, as the study designs facilitate the attribution of 

observed effects to the treatment(s) under investigation. Even though high 

internal validity is aspired through randomization, placebo conditions and 

standardized treatment protocols, external validity is compromised by employing 

strict enrollment criteria in controlled settings. These characteristics hamper 

translation of RCT results to community patient samples. 

 In contrast, observational cohort studies such as the EDSP and EMBLEM 

examine naturalistic variations in exposure to a large range of factors and intend 

to maximize external validity. Large cohort studies in the general population may 

provide insight into the prodromal phase of psychiatric illnesses and the 
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mechanisms that either protect an individual from or facilitate transition to 

clinical syndromes. Cohort studies in patient populations are generally conducted 

with heterogeneous samples within naturalistic settings studying real-life outcome 

measures such as relapse, (re)hospitalization, social functioning and quality of life. 

This approach enables a translation of findings to clinical practice. Although one 

may rely on statistical methods to adjust for the effect of possible baseline 

differences between patients on the outcome measure in this type of research 

design, influence of unknown confounders may introduce bias.  

 The concepts of generalisability and internal validity are related, as 

generalisability is reduced in the face of poor internal validity, and high internal 

validity is irrelevant if the results cannot be applied
54

. Unfortunately, both 

internal and external validity can rarely be optimized within one study design. 

Therefore, observational studies and RCTs should be regarded as necessary 

complementary approaches to evaluate efficacy and effectiveness thoroughly. 
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Abstract 

Introduction. Evidence from clinical patient populations indicates that affective 

dysregulation is strongly associated with reality distortion, suggesting that a 

process of misassignment of emotional salience may underlie this connection. To 

examine this in more detail without clinical confounds, affective regulation–

reality distortion relationships, and their clinical relevance, were examined in a 

German prospective cohort community study.  

Methods. A cohort of 2524 adolescents and young adults aged 14-24 years at 

baseline, drawn from the Early Developmental Stages of Psychopathology (EDSP) 

study, was examined by experienced psychologists. Presence of psychotic 

experiences and (hypo)manic and depressive symptoms was assessed at two time 

points (3.5 and up to 10 years after baseline) using the Munich-Composite 

International Diagnostic Interview. Associations were tested between level of 

affective dysregulation on the one hand and incidence of psychotic experiences, 

persistence of these experiences and psychotic impairment on the other. 

Results. Most psychotic experiences occurred in a context of affective 

dysregulation, and bi-directional dose-response was apparent with greater level of 

both affective dysregulation and psychotic experiences. Persistence of psychotic 

experiences over time was progressively more likely to occur with greater level of 

(hypo)manic symptoms and depressive symptoms. Similarly, psychotic 

experiences of clinical relevance were progressively more likely to occur with 

greater level of affective dysregulation. 

Conclusion. The findings suggest that correlated genetic liabilities underlying 

affective and non-affective psychotic syndromes may be expressed as correlated 

dimensions in the general population. Also, affective dysregulation may 

contribute causally to the persistence and clinical relevance of reality distortion, 

possibly by facilitating a mechanism of aberrant salience attribution. 
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Introduction 

Evidence from multiple domains indicates that affective dysregulation is strongly 

associated with reality distortion
1,2

. Genetic epidemiological research has 

demonstrated that the liabilities for bipolar disorder and schizophrenia are 

correlated
3-5

. Psychopathological studies have demonstrated that psychotic 

experiences are reported within the context of a range of affective clinical 

disorders
6,7

 and, conversely, high rates of affective symptoms have been 

demonstrated in patients diagnosed with DSM-IV non-affective psychotic 

disorders
8,9

 and schizotypy
10

. Specific aspects of delusional content and severity of 

psychotic experiences are associated with dysfunctional emotional processes
11-13

. 

Most of the work in this area is cross-sectional and conducted in clinical samples, 

making it difficult to disentangle the direction of effects between affective and 

cognitive processes, and to distinguish between illness cause and illness 

consequence. Despite these limitations, the strong and consistent associations 

between affective states and reality distortion may imply causality.  

 Experimental work by Holt and colleagues
14

 indicated that patients with 

a diagnosis of schizophrenia who had delusions were more likely to assign 

(negative) affective meanings to neutral stimuli compared to those without 

delusional ideation. The magnitude of this response bias correlated with the 

severity of delusions. The findings were interpreted as consistent with an 

inappropriate activation of a stimulus-independent internal „salience detector‟, 

leading to misassignment of emotional salience to neutral, ambiguous stimuli and 

ultimately to the formation of delusions
14

. Thus, affective dysregulation may 

result in maladaptive appraisal patterns of events, triggering a search for an 

explanation of their meaning that in turn increases the risk for positive psychotic 

experiences in vulnerable individuals
15

. Dysregulation in dopamine transmission, 

facilitating stimulus-independent release of dopamine, causing aberrant 

assignment of salience and motivational significance to external objects (leading 

to delusions) and internal representations of percepts and memories (leading to 

hallucinations), may represent the underlying neurobiological vulnerability 

mediating the process of reality distortion
16

.  

 Research on associations between variable clinical characteristics such as 

affective symptoms and psychotic experiences in clinical samples cannot examine 

to what degree such associations may arise as a result of the illness itself, and how 

interacting affective and cognitive processes, from a perspective of risk, may 

contribute to the onset of need for care and patient status. Finally, to the degree 
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that the affective and cognitive processes in patients with psychotic disorder are 

universal, that is, these processes are quantitative variations of normal human 

mentation
17

, more fundamental knowledge is needed on their association in the 

general population, as otherwise a correct interpretation of their role in 

pathological states, such as psychotic disorder, is not possible.  

It has long been recognized that schizophrenia-related pathology is also 

expressed, at attenuated levels, in individuals with „schizotypal‟ or „schizoid‟ 

personality traits. Systematic review of general population surveys indicates that 

the experiences associated with schizophrenia and related categories, such as 

paranoid delusional thinking and auditory hallucinations, are observed, in an 

attenuated form, in 5-8% of healthy people
18

. These attenuated expressions may 

be conceived as the behavioural expression of the underlying distributed liability 

for schizophrenia and related disorders, just as higher levels of blood pressure 

express higher liability for cardiovascular disease in a dose-response fashion. This 

interpretation is validated by longitudinal research showing a link between 

psychotic experiences in the general population and later outcomes of psychotic 

disorder. Since the seminal study by Chapman and colleagues
19

, there is 

replicatory evidence from 2 birth cohorts
20,21

  and 3 representative general 

population cohorts
22-24

 that low grade psychotic experiences such as delusional 

thinking and mild hallucinatory experiences may precede the diagnosis of 

psychotic disorder, including clinical diagnosis of schizophrenia requiring 

hospital admission by many years. It has been shown that particularly persistence 

of subclinical psychotic experiences over time is associated with increased risk of 

later transition to clinically relevant psychosis
22,25

. Additional evidence is provided 

by a body of work on help-seeking individuals with low-grade psychotic 

experiences who, when followed over time, display high conversion rates to 

clinical psychotic disorder
26

. 

Therefore, epidemiological research in the general population can be 

useful in complementing clinical research on the link between affective 

dysregulation, emotional salience misattribution and psychosis, particularly when 

a longitudinal perspective can be added in order to clarify the direction of effects 

and to study the relationship with onset of impairment. Earlier general population 

surveys in Greece and the Netherlands have shown a high degree of overlap 

between psychotic experiences and affective symptoms below the threshold for 

clinical disorder
27-31

. For the current study, it was hypothesized that (i) level of 

affective dysregulation, in the form of depression or (hypo)mania symptoms 
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(regardless of the presence of formal mood disorder) in the general population, 

would be strongly and linearly associated with experience of reality distortion, 

expressed as psychotic experiences (ii) presence of affective dysregulation would 

be associated with persistence of reality distortion over time and (iii) affective 

dysregulation would be associated with psychotic impairment in the context of 

reality distortion.  

 

Methods 

Study design and population 

The Early Developmental Stages of Psychopathology (EDSP) study is a 

prospective-longitudinal cohort community study, which collected data on the 

prevalence, incidence, risk factors, comorbidity and course of mental disorders. 

Following ethics committee approval, a representative population sample was 

randomly drawn from the 1994 German government population registers. The 

sample consisted of adolescents and young adults living in the Munich area aged 

14-24 years at baseline. Because the primary goal of the study was to examine the 

incidence and developmental risk factors for psychopathology, stratification of 

the sample was performed by sampling 14 and 15-year olds, presumed to have the 

highest incidence density, at twice the rate of 16 to 21-year olds, and by sampling 

22 to 24-year olds at half this rate. The 4809 sampled individuals were approached 

through letter and phone. Of these, 4263 individuals were located and determined 

to be eligible for the study. Most interviews took place at the participant's home. 

The study consists of a baseline survey (T0, n=3021) and 3 follow-up 

investigations (T1, T2 and T3), covering a time period of approximately 1.6 years 

(T0-T1, SD = 0.2), 3.5 years (T0-T2, SD = 0.3) and 8.6 years (T0-T3, range 7.4-10.6 

years, SD = 0.7), respectively. Written informed consent was obtained from all 

participants. The study design and sample has been described in detail in 

previous reports
27,28

. 

 

Measures 

Interviews were conducted using the Computer-Assisted Personal Interview 

(CAPI) version of the Munich-Composite International Diagnostic Interview (DIA-

X/M-CIDI
29

), an updated version of the World Health Organization‟s CIDI version 

1.2. The DIA-X/M-CIDI is a comprehensive, fully standardized diagnostic 

interview and assesses symptoms, syndromes and diagnoses of various mental 

disorders in accordance with the definitions and criteria of DSM-IV, along with 
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information about onset, duration, severity and psychosocial impairment. The 

CIDI is divided into 16 sections: a socio-demographic section, 12 sections 

consisting of 288 symptom questions regarding groups of mental disorders and 

three final sections containing concluding questions, interviewer observations and 

interviewer ratings. High validity
30

 as well as high interrater and test-retest 

reliability of the CIDI have been established
31,32

. In order to ensure reliability of 

the assessments, fully trained and experienced clinical psychologists conducted 

the interviews. These interviewers were allowed to probe with clinical follow-up 

questions. At baseline, the lifetime version of the DIA-X/M-CIDI was used; for the 

follow-up interviews, the DIA-X/M-CIDI interval version was used, covering the 

respective time periods between interviews. As data on the DIA-X/M-CIDI G-

section concerning psychosis and its clinical relevance were only collected at T2 

(lifetime version, assessing lifetime cumulative incidence up to T2) and T3 

(interval version, assessing onset of new, incident, symptoms or interval rate of 

any symptom between T2 and T3), the current analyses are limited to T2 and T3. 

The response rate was 84% at T2 (n=2548) and 73% at T3 (n=2210), covering an 

interval period of 4.9 years on average (SD=0.6). 

 

Measures: assessment of reality distortion 

Information from the CIDI psychosis section and the clinical interview rating 

section with its embedded Brief Psychiatric Rating scale
33

 were used to derive 

measures of the psychosis dimensions. In order to calculate measures of 

frequency of psychopathological experiences, such as lifetime cumulative 

incidence and interval incidence rates, as well as persistence estimates, discrete 

variables indicating their presence or absence across interview waves were, per 

definition, necessary. 

Reality distortion, expressed as psychotic experiences, was the focus of 

the current analyses. All expressions of psychotic experiences, regardless of the 

presence of a formal psychotic disorder, were included. Psychotic experiences 

were assessed at T2 and T3 using the DIA-X/M-CIDI core psychosis section on 

delusions (14 items), hallucinations (5 items) and passivity (1 item). Specifically, 

items used were G1, G2a, G3-5, G7-G13, G13b, G14, G17, G18, G20, G20c, G21 and 

G22a. These items concern classic psychotic symptoms including but not limited 

to persecution, thought interference and passivity phenomena. Participants were 

first asked to read a list of all the psychotic experiences and then asked by the 

psychologist whether they ever experienced such symptoms (list and phrasing 
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available upon request). All of these psychosis items can be rated in two ways: 1 

(absent) and 5 (present), without intermediate levels. The presence of positive 

psychotic experiences was defined as any rating of “5” on any of the 20 DIA-X/M-

CIDI core psychosis items
22

. In order to examine dose-response as a function of 

level of psychotic experiences, an additional variable was constructed reflecting 

the presence of 0, 1, 2 or 3 or more psychotic experiences (hereafter: Psychosis 

Load). 

 

Measures: assessment of Psychotic Impairment 

In order to assess functional impact of psychotic experiences, secondary 

dysfunction and help-seeking behavior were examined in individuals with 

evidence of DIA-X/M-CIDI psychotic experiences at T2 and T3; the following 

procedures were followed as described in an earlier report
22

.  First, two DIA-X/M-

CIDI psychosis section items for help-seeking were used: G16 (delusions) and G23 

(hallucinations). These items were phrased as follows: “Did you tell a doctor about 

… (insert the psychosis section beliefs/experiences previously acknowledged by 

the participant along with a visual representation from the response booklet) you 

have had?” These items were rated in a dichotomous manner (0=no, 1=yes). In 

addition, participants were shown a list on which several types of outpatient or 

inpatient institutions for mental health problems were mentioned, ranging from 

general practitioner or school psychologist to psychiatric sheltered housing, and 

asked whether they had ever sought help at any of these institutions because of 

psychotic symptoms as elicited in the DIA-X/M-CIDI G-section. This item was 

rated in a dichotomous manner (0=no, 1=yes). Using these three help-seeking 

items, a dichotomous variable “Help-seeking” was constructed, indicating whether 

help-seeking behavior had been present (1) or absent (0).  

Second, the level of dysfunction related to psychotic experiences was 

assessed using the DIA-X/M-CIDI items G28, G29, G29a and G36. The dysfunction 

score assessed the effect of the psychotic experiences on: (i) feeling upset, unable 

to work, go places, or enjoy oneself, at the time of having these experiences (item 

G28); (ii) being less able to work since these experiences began (item G29); (iii) 

being less able to make friends or enjoy social relationships since these 

experiences began (item G29a); (iv) how much their life and everyday activities 

were impaired when these experiences were at their worst (item G36). These four 

psychosis section items were rated in a dichotomous manner (0=no, 1=yes). A 

dichotomous variable „Dysfunction‟ was constructed, representing a positive 
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answer on any of the four questions (value label 1) versus negative answers on all 

four questions (value label 0).  

 Based on these two assessments, a combined outcome was created 

(hereafter „Psychotic impairment‟). Psychotic impairment was absent and scored 

as „0‟ for subjects scoring „0‟ on both help seeking behavior and dysfunction. 

Subjects scoring „1‟ on either or both help seeking behavior and dysfunction 

scored „1‟ on Psychotic Impairment.  

 Validation of this variable using third variables was presented 

previously
22

, using two variables: Caseness and Antipsychotic Treatment. Briefly, 

the X16 DIA-X/M-CIDI item rated the interviewer‟s opinion regarding clinical 

evidence of psychological ill-health in 4 levels: essentially not noticeable (0), not 

very noticeable (1), clearly ill (2), and very ill (3). The dichotomous variable 

„Caseness‟ indicated individuals with a noticeable level of psychiatric caseness 

(any score above “1”). As part of the CIDI treatment module, participants were 

shown a list of different types of medication, rating their use because of any 

psychopathological or psychosomatic problem. The acknowledgement of any 

antipsychotic medication (Q1EA4) reported at T2 and T3 was used to derive 

treatment („Antipsychotic Treatment‟: 0=no, 1=yes). Validation analyses revealed 

that Psychotic Impairment was strongly associated with both the Caseness 

(OR=10.3, 95%CI=7.0-15.2) and the Antipsychotic Treatment (OR=15.3, 

95%CI=6.1-38.4) variable.   

 

Measures: assessment of affective dysregulation 

Affective dysregulation was assessed at T2 and T3 using the 28 symptom items 

(DSM-IV and ICD-10) of the DIA-X/M-CIDI depression and dysthymia section 

(items regarding feeling depressed, loss of interest, loss of energy, hopelessness, 

decreased concentration, loss of appetite, weight loss, sleep disturbances, feelings 

of worthlessness or guilt, decreased self-esteem and suicidal ideation/attempt) and 

the 11 symptom items of the DIA-X/M-CIDI mania section (items regarding 

increase in goal directed-activity, psychomotor agitation, spending sprees, sexual 

indiscretions, increased talkativeness, flight of ideas, increased self-esteem or 

grandiosity, decreased need for sleep and distractibility). Symptom items were 

rated either yes or no. Depression symptoms were only rated if present for at least 

two weeks; (hypo)mania symptoms if present for at least 4 successive days. In 

case the participant endorsed the presence of a particular symptom, additional 

probes ascertained whether the symptom was the direct result of alcohol or drug 
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use or of physical diseases or conditions. If this were the case, the CIDI codes for 

substance use or somatically induced symptoms were used, and the item was not 

counted towards the diagnosis of a primary mood disorder. Furthermore, 

symptoms were only assessed and rated if at least one of the DIA-X/M-CIDI core 

depressive (depressed mood or loss of interest / pleasure) or core (hypo)mania 

symptoms (unusual happiness or excitement or unusual irritability) was present. 

Only participants having core (hypo)mania symptoms that were either noticed by 

others or because of which participants experienced problems were included.  

 

Binary and continuous affective variables 

Both binary and continuous affective variables were constructed as described 

previously
34-36

:  

i) „Binary (hypo)mania‟ and „binary depression‟: An a priori binary 

(hypo)mania variable was defined as at least two DIA-X/M-CIDI mania 

symptoms and a binary depression variable as at least three DIA-X/M-

CIDI depression symptoms.  

ii) In addition, guided by previous work
34-36

, the continuous variables 

„(hypo)mania score‟ and „depression score‟ were constructed. These 

variables represented two continuous sum scores of symptom ratings: a 

sum score of (hypo)mania symptoms with a minimum of 0, and a 

maximum score of 11 endorsements (hereafter: “(Hypo)mania Score”), 

and a sum score of depression symptoms with a minimum of 0, and a 

maximum score of 28 endorsements (hereafter: “Depression Score”).  

iii) Subsequent to ii), we created, for both symptom groups, progressively 

stricter and overlapping subcategories of these sum scores, indicating the 

degree of symptom loading. For depression, 6 categories were created of 

no symptoms (0), at least 1 symptom (1), at least 3 symptoms (2) at least 

5 symptoms (3), at least 7 symptoms (4) and at least 9 symptoms (5). For 

(hypo)mania, the categories were similar except that the highest category 

consisted of at least 5 symptoms due to the very small number of 

subjects with 6 or more symptoms.  

 

Analysis 

Analyses were conducted in STATA, version 10
37

. Associations were expressed as 

odds ratios (OR) and 95% confidence intervals (95%CI) derived from logistic 

regression. 
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Associations between affective dysregulation and psychotic experiences 

Cumulative incidence measures of affective dysregulation and psychotic 

experiences up until T2 were tested for association in order to establish their 

lifetime comorbidity (risk set n=2524). Similarly, interval incidence of psychotic 

experiences at T3 (i.e. individuals with psychotic experiences at T3 free from 

psychotic experiences at T2) was modeled as a function of measures for level of 

affective dysregulation at T3 (risk set n=1564). This latter analysis provided a 

temporally more precise test of the hypothesis that affective dysregulation 

accompanies the onset of psychotic experiences. Finally, T2 and T3 associations 

between individual psychotic experiences on the one hand and the level of 

depressive and (hypo)mania symptoms on the other hand were tested in order to 

gain insight in possible patterns of association between specific psychotic 

experiences and affective dysregulation.  

 

Psychosis Persistence 

In order to assess the association between level of affective dysregulation and 

persistence of psychotic experiences over the period T2-T3, associations between 

T3 level of affective dysregulation and T3 psychotic experiences were assessed in 

individuals with evidence for psychotic experiences at T2 (risk set n=464).  

 

Psychotic impairment  

In order to assess the relationship between level of affective dysregulation and 

incident Psychotic Impairment, associations between T3 Psychotic Impairment 

and T3 level of affective dysregulation were assessed in individuals with evidence 

of psychotic experiences at T3 but free from Psychotic Impairment at T2 (risk set 

n=191). 

 

Results 

At T2, over half (51%) of the sample was male and the mean age was 21.7 years 

(SD 3.4). At T2, 574 (23%) of all subjects presented with one or more lifetime 

psychotic experiences, with a stronger representation of delusions (21%) 

compared to hallucinations (5%). At T3, the rates were lower, representing only 

the occurrence of psychotic experiences over the interval from T2 to T3 (Table 1). 

At T2, 978 subjects (32%) had experienced two or more (hypo)mania or three or 

more depression symptoms; at T3, this was the case for 925 subjects (31%). 

Within the subgroup of subjects with two or more (hypo)mania or three or more 
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depression symptoms at T2 (n=978), 57% did not report similarly defined 

(hypo)mania or depression symptoms at T3. Conversely, within the subgroup of 

subjects that did not experience two more (hypo)mania or three or more 

depression symptoms at T2, 25% did present similarly defined (hypo)mania or 

depression symptoms at T3. The lifetime cumulative incidence up until T2 and 

the T2-T3 interval rates, assessed at T3, of hallucinations, delusions, (hypo)mania 

and depression symptoms are provided in Table 1.  

 

Table 1. Lifetime cumulative incidence (T2) and interval rates (T3) of various symptoms. 

 T2  

(n, total n; %) 

T3  

(n, total n; %)
a

 

T3  

(n, total n; %)
b

 

Ever experienced hallucinations  

     (at least 1) 

117  

(2524; 4.6%) 

69  

(2210; 3.1%) 

51  

(1937; 2.6%) 

Ever experienced delusions  

     (at least 1) 

529  

(2524; 21.0%) 

248  

(2210; 11.2%) 

121  

(1598; 7.6%) 

Ever experienced hallucinations or  

     delusions (at least 1 symptom) 

574  

(2524; 22.7%) 

274  

(2210; 12.4%) 

128  

(1564; 8.2%) 

(Hypo)mania symptoms   

     (at least 2 symptoms) 

495  

(2525; 19.6%) 

285  

(2210; 12.9%) 

121  

(1598; 7.6%) 

Depressive symptoms  

     (at least 3 symptoms) 

695  

(2529; 27.5%) 

780  

(2210; 35.3%) 

392  

(1391; 28.2%) 

For each clinical characteristic, the size of the sample varies due to missing data on 

individual variables.
 a

 Analyses were performed in the complete sample at T3, regardless of 

presence of psychotic experiences at T2. 
b

 Analyses were performed in the T3 sample free of 

the specific type of symptom at T2, thus representing interval incidence of symptoms (e.g. the 

interval incidence of (hypo)mania symptoms at T3 in subjects without (hypo)mania 

symptoms at T2 was 7.6%). 

 

Affective dysregulation and reality distortion co-occurrence 

Of the 574 subjects with psychotic experiences at T2, 35% also presented with at 

least 2 (hypo)mania symptoms at T2, compared to 15% of subjects without 

lifetime psychotic experiences at T2. At T3, these figures were 27% and 11%, 

respectively. Similarly, 43% of the 574 subjects with psychotic experiences 

presented with at least 3 depression symptoms at T2, compared to 23% of 

subjects without psychotic experiences. At T3, these figures were 46% and 31%, 

respectively. At both T2 and T3, the majority of psychotic experiences occurred in 

the context of affective dysregulation (at least 2 (hypo)mania symptoms or at least 

3 depression symptoms; Table 2). 
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Bi-directional dose-response associations between affective symptoms and reality 

distortion 

The probability of lifetime psychotic experiences at T2 was progressively higher 

with greater level of co-occurrent affective dysregulation in a dose-response 

fashion ((Hypo)mania Score OR linear trend over 4 levels=1.70, 95%CI: 1.55, 1.87; 

p<.001; Depression Score OR linear trend over 6 levels: OR=1.31, 95%CI: 1.24, 

1.38; p<.001; Table 3). Incident psychotic experiences at T3 (i.e., psychotic 

experiences at T3 in subjects free from psychotic experiences at T2) were 

similarly associated with (Hypo)mania Score and Depression Score in a dose-

response fashion (Table 3). 

Similarly, the above OR linear trends expressing the association between 

psychotic experiences and affective dysregulation became progressively greater at 

higher level of Psychosis Load, both for mania and depression, and both at T2 

(Table 4) and at T3 (Table 5). 

 

Psychosis Persistence 

(Hypo)mania Score and Depression Score were associated with persistence of 

psychotic experiences over the period T2-T3. Thus, within the sample of subjects 

with psychotic experiences at T2 and interviewed again at T3 (risk set n=464), the 

probability of persistence of psychotic experiences was progressively greater with 

higher (Hypo)mania Score (OR linear trend 4 categories=1.51; 95%CI: 1.22, 1.88; 

p<0.001) and higher Depression Score (OR linear trend 6 categories=1.15; 

95%CI=1.03, 1.28; p=0.012).  

 

Psychotic impairment  

Two-hundred and twenty-eight subjects (9%) presented at T2 with Psychotic 

Impairment. At T3, the number with Psychotic Impairment was 118 (5%). Of 

these 118, 70 subjects had not presented previously with Psychotic Impairment at 

T2, representing incident Psychotic Impairment.  
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Table 2. Frequency of affective dysregulation as a function of presence of psychotic experiences at T2 and T3. 

 At least 2 (hypo)mania 

symptoms present 

At least 3 depression symptoms 

present 

At least 2 (hypo)mania 

symptoms and/or at least 3 

depression symptoms present 

T2  

  

Psychotic experience   

     absent (n, n total; %) 

295 (1950; 15.1%) 446 (1950; 22.8%) 630 (1950; 32.3%) 

Psychotic experience  

     present (n, n total; %) 

200 (574; 34.8%) 247 (574; 43.0%) 346 (574; 60.3%) 

 

T3 
a

 

  

 

Psychotic experience  

     absent (n, n total; %) 

 

212 (1936; 11.0%) 

 

636 (1936; 32.9%) 

 

756 (1936; 39.1%) 

Psychotic experience  

     present (n, n total; %) 

73 (274; 26.6%) 144 (274; 52.6%) 169 (274; 61.7%) 

 

T3 
b

 

  

 

Psychotic experience  

     absent (n, n total; %) 

 

147 (1436; 10.2%) 

 

420 (1436; 29.3%) 

 

506 (1436; 35.2%) 

Psychotic experience  

     present (n, n total; %) 

33 (128; 25.8%) 60 (128; 46.9%) 70 (128; 54.7%) 

For each clinical characteristic, the size of the sample varies due to missing data on individual variables.
 a

 Analyses were performed in the complete 

sample, regardless of presence of psychotic experiences at T2. 
b

 Analyses were performed in the sample free of the specific type of symptom at T2. For 

example, first column, last row: the proportion of people with at least 2 (hypo)mania symptoms present in those with psychotic experiences at T3 and no 

hypomania symptoms at T2 was 25.8%. 
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Table 3. Odds ratios of psychotic experiences with increasing load of affective dysregulation at T2 (risk set n=2524) and T3 (risk set n=1564). 

 T2: Lifetime psychotic experiences (up to T2)  T3: T2-T3 Interval incident psychotic experiences
 

 n total  

at T2 

n (%) with psychotic 

experiences 

OR (95% CI) n total at 

T3 

n (%) with psychotic 

experiences 

OR (95% CI) 

(Hypo)mania score 0 1966 360 (18.3%) 
a

 1338 90 (6,7%) 
a

 

(Hypo)mania score 1 169 42 (24.9%) 1.48 (1.02, 2.13)† 113 11 (9.7%) 1.50 (0.77, 2.89) 

(Hypo)mania score 2  229 83 (36.2%) 2.54 (1.89, 3.40)* 79 16 (20.3%) 3.52 (1.95, 6.35)* 

(Hypo)mania score 3  160 89 (55.6%) 5.59 (4.01, 7.80)* 34 11 (32.4%) 6.63 (3.13, 14.04)* 

 

OR linear trend# 

 

OR=1.70, CI: 1.55, 1.87* 

 

OR=1.86, CI: 1.52, 2.26* 

 

Depression score 0 1710 303 (17.7%) 
a

 858 49 (5.7%) 
a

 

Depression score 1 121 24 (19.8%) 1.15 (0.72, 1.83) 226 19 (8.4%) 1.52 (0.87, 2.63) 

Depression score 2 187 56 (30.0%) 1.99 (1.42, 2.78)* 129 11 (8.5%) 1.54 (0.78, 3.04) 

Depression score 3 170 48 (28.2%) 1.83 (1.28, 2.61)* 128 13 (10.2%) 1.87 (0.98, 3.55) 

Depression score 4 126 38 (30.2%) 2.01 (1.34, 2.99)* 97 13 (13.4%) 2.56 (1.33, 4.90)† 

Depression score 5 210  105 (50.5%) 4.64 (3.45, 6.25)* 126 23 (18.3%) 3.69 (2.16, 6.30)* 

 

OR linear trend# 

 

OR=1.31, CI: 1.24, 1.38* 

 

OR=1.28, CI: 1.16, 1.40* 

OR=Odds Ratio; CI=Confidence Interval. (Hypo)mania Score and Depression Score variables were constructed as described in text . Higher scores 

indicate more affective symptoms. 
a 

Reference category: reference category is group without (hypo)mania symptoms and group without depressive 

symptoms. *p≤0.001; † p≤0.01. # OR linear trend is in the summary increase in risk with one unit change in affective score variable. 
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Table 4. Linear associations between T2 lifetime experiences of affective dysregulation and psychotic experiences at different levels of psychosis 

severity (Psychosis Load). 

 No psychotic 

experiences (n,%) 

1 psychotic experience 

(n,%) 

2 psychotic experiences 

(n,%) 

≥3 psychotic experiences 

(n,%) 

     
(Hypo)mania score 0 (n=1966) 1606 (81.7%) 236 (12.0%) 62 (3.2%) 62 (3.2%) 

(Hypo)mania score 1 (n=169)  127 (75.2%) 25 (14.8%) 8 (4.7%) 9 (5.3%) 

(Hypo)mania score 2 (n=229) 146 (63.8%) 43 (18.8%) 17 (7.4%) 23 (10.0%) 

(Hypo)mania score 3 (n=160) 71 (44.4%) 28 (17.5%) 21 (13.1%) 40 (25.0%) 

 

OR linear trend (hypo)mania # 

 

1# 

 

1.4 (1.2, 1.6) 

 

1.9 (1.6, 2.2) 

 

2.4 (2.0, 2.7) 

 

Depression score 0 (n=1710) 1407 (82.3%) 192 (11.2%) 59 (3.5%) 52 (3.0%) 

Depression score 1 (n=121) 97 (80.2%) 13 (10.7%) 6 (5.0%) 5 (4.1%) 

Depression score 2 (n=187) 131 (70.1%) 39 (20.9%) 7 (3.7%) 10 (5.4%) 

Depression score 3 (n=170) 122 (71.8%) 30 (17.7%) 7 (4.1%) 11 (6.5%) 

Depression score 4 (n=126) 88 (69.8%) 16 (12.7%) 8 (6.4%) 14 (11.1%) 

Depression score 5 (n=210) 105 (50.0%) 42 (20.0%) 21 (10.0%) 42 (20.0%) 

 

OR linear trend depression # 

 

1# 

 

1.2 (95%CI: 1.1, 1.3) 

 

1.3 (95%CI: 1.2, 1.4) 

 

1.6 (95%CI: 1.4, 1.7) 

OR=odds ratio, CI=confidence interval. Assessments refer to cumulative incidence of psychopathology up until T2. # OR linear trend is in the summary 

increase in risk with one unit change in affective score variable. 
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Table 5. Linear associations between T2-T3 interval incident affective dysregulation and psychotic experiences at different levels of psychosis 

severity (Psychosis Load). 

 No psychotic experiences 

(n,%) 

1 psychotic experience 

(n,%) 

2 psychotic experiences 

(n,%) 

≥3 psychotic 

experiences (n,%) 

(Hypo)mania score 0 (n=1338) 1248 (93.3%) 66 (4.9%) 13 (1.0%) 11 (0.8%) 

(Hypo)mania score 1 (n=113) 102 (90.3%) 7 (6.2%) 1 (0.9%) 3 (2.7%) 

(Hypo)mania score 2 (n=79) 63 (79.8%) 13 (16.5%) 2 (2.5%) 1 (1.3%) 

(Hypo)mania score 3 (n=34) 23 (67.7%) 2 (5.9%) 5 (14.7%) 4 (11.8%) 

 

OR linear trend# 

 

1# 

 

1.6 (1.2, 2.0) 

 

2.5 (1.7, 3.7) 

 

2.4 (1.6, 3.6) 

     

Depression score 0 (n=858) 809 (94.3%) 38 (4.4%) 8 (0.9%) 3 (0.4%) 

Depression score 1 (n=226) 207 (91.6%) 14 (6.2%) 2 (0.9% 3 (1.3%) 

Depression score 2 (n=129) 118 (91.5%) 8 (6.2%) 2 (1.6%) 1 (0.8%) 

Depression score 3 (n=128) 115 (89.8%) 9 (7.0%) 3 (2.3%) 1 (0.8%) 

Depression score 4 (n=97) 84 (86.6%) 6 (6.2%) 3 (3.1%) 4 (4.1%) 

Depression score 5 (n=126) 103 (81.8%) 13 (10.3%) 3 (2.4%) 7 (5.6%) 

 

OR linear trend# 

 

1# 

 

1.2 (95%CI: 1.1, 1.3) 

 

1.3 (95%CI: 1.0, 1.6) 

 

1.7 (95%CI: 1.4, 2.2) 

OR=odds ratio, CI=confidence interval. Assessments refer to psychopathology arising between T2 and T3; those with psychotic experiences at T2 were 

excluded from the analysis. # OR linear trend is in the summary increase in risk with one unit change in affective score variable. 
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Table 6 (continued on next page). Specific psychotic experiences and associations with binary depressive (at least 3 symptoms) and binary 

(hypo)mania (at least 2 symptoms) variables at T2 (risk set n=2524) and T3 (risk set n=1564). 

 

Prevalence of psychotic 

experience (n, %) 

At least three depressive symptoms  

OR (95% CI) 

At least 2 (hypo)mania symptoms 

OR (95% CI) 

 

T2 T3
a

 T2 

OR (95% CI)  

T3
a 

OR (95% CI)  

T2 

OR (95% CI)  

T3
a 

OR (95% CI)  

       Being spied on 

 

 

186 (7.4) 36 (2.3) 2.28 (1.69, 3.09)* 3.67 (1.86, 7.24)* 2.38 (1.73, 3.28)* 3.07 (1.46, 6.48)† 

Being followed 

 

107 (4.2) 19 (1.2) 2.42 (1.64, 3.58)* 3.15 (1.26, 7.89)‡ 2.26 (1.50, 3.41)* 4.63 (1.80, 11.91)* 

Being tested 

 

125 (5.0) 34 (2.2) 2.85 (1.99, 4.10)* 2.04 (1.03, 4.04)‡ 3.50 (2.42, 5.05)* 5.05 (2.48, 10.28)* 

Conspiracy 

 

 

147 (5.8) 29 (1.9) 3.24 (2.31, 4.54)* 6.15 (2.71, 14.00)* 3.18 (2.25, 4.48)* 4.94 (2.29, 10.64)* 

Loved by stranger 

 

 

72 (2.9) 15 (1.0) 1.33 (0.81, 2.19) 1.99 (0.72, 5.52) 2.87 (1.78, 4.65)* 3.93 (1.33, 11.62)‡ 

Can read thoughts 

 

89 (3.5) 12 (0.8) 2.69 (1.76, 4.12)* 2.27 (0.73, 7.09) 3.22 (2.09, 4.97)* 3.91 (1.17, 13.11)‡ 

Can hear thoughts 

 

55 (2.2) 7 (0.5) 1.93 (1.12, 3.32)‡ 5.69 (1.10, 29.46)‡ 4.79 (2.80 8.22)* 5.85 (1.30, 26.34)‡ 

Thoughts being heard 

 

31 (1.2) 3 (0.2) 3.73 (1.82, 7.65)* 1.13 (0.10, 12.49) 3.93 (1.93, 8.01)* 3.86 (0.35, 42.79) 

Controlled by force 

 

21 (0.8) 2 (0.1) 1.99 (0.84, 4.75) 
b

 3.78 (1.60, 8.96)† 7.73 (0.48, 124.06) 

Being given thoughts 

 

12 (0.5) 0 (0.0) 2.66 (0.85, 8.26) 
b

 4.14 (1.33, 12.88)‡ 
b

 

OR=Odds ratio; CI=Confidence Interval. * p≤0.001; † p≤0.01; ‡ p≤0.05. 
a 

Sample consisted of subjects free of psychotic experiences at T2. 
b

 Model did 

not converge. 
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Table 6 (continued from previous page). Specific psychotic experiences and associations with binary depressive (at least 3 symptoms) and binary 

(hypo)mania (at least 2 symptoms) variables at T2 (risk set n=2524) and T3 (risk set n=1564). 

 Prevalence of psychotic 

experience (n, %) 

At least three depressive symptoms  

OR (95% CI) 

At least 2 (hypo)mania symptoms 

OR (95% CI) 

 

T2 T3
a

 T2 

OR (95% CI)  

T3
a 

OR (95% CI)  

T2 

OR (95% CI)  

T3
a 

OR (95% CI)  

Thoughts being taken 6 (0.2) 2 (0.1) 0.53 (0.06, 4.53) 
b

 4.12 (0.83, 20.46) 7.73 (0.48, 124.06) 

Messages 13 (0.5) 7 (0.5) 8.92 (2.45, 32.51)* 5.69 (1.10, 29.46)‡ 4.84 (1.62, 14.46)† 10.46 (2.32, 47.13)† 

Book or song solely  

    for person 

46 (1.8) 5 (0.3) 3.53 (1.96, 6.37)* 1.51 (0.25, 9.05) 3.55 (1.97, 6.40)* 5.17 (0.86, 31.17) 

Being influenced by  

    strange force 

25 (1.0) 5 (0.3) 1.77 (0.79, 3.96) 0.56 (0.06, 5.06) 3.27 (1.48, 7.25)† 
b

 

Seeing things 

 

27 (1.1) 6 (0.4) 2.88 (1.35, 6.17)† 2.27 (0.46, 11.27) 3.88 (1.81, 8.31)* 7.80 (1.56, 38.95)‡ 

Hearing things 40 (1.6) 14 (0.9) 3.30 (1.76, 6.20)* 4.12 (1.37, 12.37)‡ 4.69 (2.50, 8.79)* 5.93 (2.03 17.29)* 

Smelling things 26 (1.0) 7 (0.5) 5.09 (2.26, 11.48)* 3.03 (0.68, 13.68) 4.18 (1.93, 9.08)* 5.85 (1.30, 26.34)‡ 

Tasting things 26 (1.0) 6 (0.4) 4.30 (1.94, 9.53)* 1.13 (0.21, 6.19) 3.05 (1.39, 6.69)† 1.54 (0.18, 13.26) 

Feeling things 36 (1.4) 7 (0.5) 4.26 (2.16, 8.37)* 1.70 (0.38, 7.62) 2.66 (1.35, 5.23)† 3.10 (0.60, 16.09) 

Forced  to move 24 (1.0) 3 (0.2) 3.75 (1.66, 8.49)* 4.53 (0.41, 50.01) 4.95 (2.20, 11.11)* 
b 

OR=Odds ratio; CI=Confidence Interval. * p≤0.001; † p≤0.01; ‡ p≤0.05. 
a 

Sample consisted of subjects free of psychotic experiences at T2. 
b

 Model did 

not converge. 
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Affective dysregulation was associated with incident Psychotic Impairment; 

within the sample of subjects without Psychotic Impairment at T2 and presence 

of at least one psychotic experience at T3 (risk set n=191), the probability of 

Psychotic Impairment at T3 was progressively higher with higher (Hypo)mania 

Score at T3 (OR linear trend 4 categories=1.37, 95%CI: 1.02, 1.83; p=.036) and 

higher Depression Score at T3 (OR linear trend 6 categories=1.28, 95%CI: 1.10, 

1.49; p=.002).  

 

Associations between affective dysregulation and specific psychotic experiences 

An overview of specific psychotic experiences and associations with binary 

depression (at least three symptoms) and (hypo)mania (at least two symptoms) 

variables is provided in Table 6. For both depression and (hypo)mania symptoms, 

no specific trend or pattern was apparent among the different psychotic 

experiences. 

 

Discussion 

Clinical studies in help-seeking samples suggest that early intervention in the 

prodromal phase of psychotic disorder may be feasible
38

. However, knowledge on 

the developmental mechanisms underlying the epidemiology of prodromal states 

in the general population remains very limited. The current study connects reality 

distortion and affective dysregulation in a general population setting from a 

perspective of risk and a perspective of understanding links with normal 

mentation. The results suggest that psychotic experiences in the general 

population are non-specifically associated with affective dysregulation, in a bi-

directional dose-response fashion. Second, persistence of psychotic experiences 

and the onset of impairment associated with reality distortion occur more often if 

there is a context of affective dysregulation. 

 

Co-expression as a reflection of overlapping genetic liabilities 

Although the delusions and hallucinations of psychosis can be readily recognized, 

classifying psychotic states remains a major challenge. Psychosis is not exclusive 

to schizophrenia and occurs across a range of diagnostic categories of psychotic 

disorder, and even amongst the category of non-psychotic mood disorders
39

. The 

criteria used to distinguish between the different categories of psychotic disorder 

are based on duration, dysfunction, associated substance use, “bizarreness” of 

delusions and presence of depression or (hypo)mania. However, the resulting 
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diagnostic categories of psychotic disorder show overlap in genetic liability 

amongst themselves. For example Kendler and colleagues
40

 demonstrated a 

significant familial relationship between non-schizophrenic psychotic disorders 

with both schizophrenia and schizotypal personality disorder. Family and twin 

studies similarly demonstrate a degree of overlap in genetic liability between non-

affective psychotic disorder and bipolar disorder
3-5

. 

 Co-expression of (subclinical) affective dysregulation and psychotic 

experiences in general cohort studies may thus in part reflect overlapping 

distributed genetic vulnerabilities. The majority of general cohort studies on 

transition rates from subclinical symptoms to clinical syndromes did not examine 

co-expression of reality distortion and affective dysregulation. Multiple studies 

suggest that subclinical psychotic experiences increase the risk for non-affective 

psychotic disorder
19-24

 and, similarly, subthreshold depression and/or (hypo)mania 

symptoms have been shown to increase the risk for bipolar disorder
35,36

. Overall, 

affective dysregulation and reality distortion have been shown to represent the 

behavioral expression of risk for more severe psychotic states including 

schizophrenia and bipolar disorder in the general population. In light of the 

accumulating evidence on overlap in genetic liability
3-5

, which suggests a broad 

underlying vulnerability across the different categories, our findings of 

associations between affective dysregulation and psychotic experiences in the 

general population may, therefore, simply reflect passive clustering of the 

behavioral expression of overlapping genetic risks.  

 

Co-expression as a reflection of causal influence 

The finding that co-expression of affective dysregulation predicted persistence of 

reality distortion and impairment associated with psychotic experiences suggest 

that, in addition to correlated genetic liabilities, a direct impact of affective 

dysregulation on the onset of psychotic experiences may be hypothesized. 

Existent psychological models of symptom formation suggest that the emotional 

context, and associated beliefs or appraisals, may induce bias in logical reasoning 

processes and, therefore, provoke reality distortion in healthy individuals
2,15

. In 

the psychological model described by Garety and colleagues
1
, the experience of a 

stressful event is thought to potentially give rise to altered pre-existing beliefs and 

ongoing appraisals of experiences, due to a certain emotional change or a 

cognitive processing bias. These distorted processes may lead to aberrant 

experiences which may seem personally significant to the individual and are 
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likely to trigger a search for an explanation as to their meaning and cause that is 

consistent with affect-associated beliefs. Biased appraisal processes may 

contribute to a judgment that the experience is in fact externally caused. It is the 

interpretation that causes the associated distress and disability, rather than the 

experience itself. Thus, maladaptive appraisal patterns, induced by emotional 

processes, are suggested to increase the risk for positive symptom formation in 

vulnerable individuals
1

. Our findings provide support for a cognitive model of 

symptom formation, by demonstrating involvement of affective processes in the 

onset and persistence of reality distortion outside the context of disorder.  

 

Linking genetic and cognitive mechanisms 

Evidence on the role of cognitive processes suggests that cognitive biases and 

appraisals can help explain onset of psychosis
1

. Attempts have been made to 

integrate cognitive and neurobiological theories into a single model of psychotic 

states
1,16,41

. Thus, evidence indicates that genetic risk for psychotic disorder is 

associated with underlying alterations in the dopamine system, including 

increased dopamine synaptic availability
42

, increased striatal dopamine 

synthesis
43,44

 and increased dopamine reactivity to stress
45,46

. Under normal 

circumstances, it is the context-driven activity of the dopamine system that 

mediates the experience of novelty and the acquisition of appropriate 

motivational salience, detecting new rewards in the environment that facilitate 

learning and goal-directed behavior. Certain cerebral vulnerabilities, occasioned 

by interplay between genetic and environmental risks, could trigger context-

independent or context-inappropriate release of dopamine. A dysregulated 

dopamine system may cause aberrant assignment of salience and motivational 

significance to external objects (leading to delusions) and internal representations 

of percepts and memories (leading to hallucinations)
47

. Thus, theory derived from 

existent psychological models of psychotic symptom formation predicts that 

affective dysregulation may impact directly on risk for reality distortion. An 

integrated model would additionally suggest that the risk to develop a clinical 

disorder is particularly high in those who additionally have a genetic liability for 

dopaminergic dysregulation, facilitating aberrant salience attribution.  

 

Limitations 

Several limitations should be taken into account when interpreting these results. 

First, the study was epidemiological, and no direct measurements of affective and 
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cognitive processes such as aberrant salience attribution were available, limiting 

the explanatory power of the findings on these mechanisms. Second, although 

longitudinal, measurements were too far apart for dynamic models of the onset of 

impairment as a function of affective dysregulation. Third, assessment of 

psychotic experiences, while better than lay-interviewer assessed self-reports, will 

likely contain false positive answers, even when interviewers are clinical 

psychologists. However, it is unlikely that false positive assessments would 

produce spurious associations with affective dysregulation – the opposite, more 

conservative alternative is more likely. Furthermore, the substantial literature on 

self-reported psychotic experiences, including those assessed with the DIA-X/M-

CIDI, indicates substantial predictive and other forms of validity of these 

phenomena
18

. Fourth, lifetime rates in excess of 22% may seem high, given an 

estimate of 5%-8% in a recent systematic review
18

. However, in another 

systematic review we are preparing, it is apparent that rates of psychotic 

experiences are critically dependent on the number of items assessing different 

psychotic experiences. Previous work using the CIDI also detected rates close to 

20%
48

. Finally, it could be argued that the measure of psychotic impairment used 

was broad, resulting in a lifetime rate of 9%, which may be considered very high 

for psychosis. The high rate is in part inherent to the population-based research 

paradigm of EDSP, which will always detect many more cases compared to the 

much lower administrative rates reflecting treatment at the level of services. 

Furthermore, even the rate of narrowly defined clinical psychotic disorder, when 

assessed completely, may be as high as 3.5%
49

. In addition, to the degree that our 

definition of impairment was broad, it can be argued that in this context, 

sensitivity is more important than specificity, given the fact that the main clinical 

application of research on extended phenotypes ultimately is situated in the area 

of early detection. 

 

Conclusion  

Our findings suggest that correlated genetic liabilities underlying affective and 

non-affective psychotic syndromes may be expressed as correlated dimensions in 

the general population. Also, affective dysregulation may contribute causally to 

the persistence and clinical relevance of reality distortion, possibly by facilitating 

a mechanism of aberrant salience attribution. 
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Abstract 

Introduction. Knowledge of moderators of symptom improvement over time in 

acute mania improves predictability of individual patient outcomes. This study 

attempted to identify such moderators of the rate of symptom improvement.  

Methods. In 3459 patients, clinical and social moderators of the rate of response 

in mania symptoms were examined. Additionally, moderators of symptom 

improvement in individuals with high baseline levels of comorbid depression 

(n=815) and psychosis (n=1849) were identified.  

Results. Within three months, mania, depression and psychotic symptoms were 

reduced significantly. High levels of baseline depression, greater illness severity in 

the past year, lower age of onset and rapid cycling reduced the rate of mania 

symptom improvement. Social variables indicating disadvantage similarly had 

negative contributions. Several reasons for change of medication, involving 

patient choice, patient compliance, side effects and lack of effectiveness, impacted 

negatively. For the psychosis dimension, both low mania scores and high 

depression scores at baseline impacted negatively, whereas rate of reduction in 

depression was not conditional on baseline psychopathology.  

Conclusion. The rate of symptom improvement in acute mania is to a large extent 

conditional on the context as provided by the social and psychopathological 

environment.  
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Introduction 

Given the fact that the significant clinical heterogeneity observed in bipolar 

disorder (BD) hampers prediction of individual patient outcomes
1
, knowledge of 

the factors that influence the probability of response to treatment not only 

represent a useful aid to clinicians, but also have the potential to enhance 

traditional interventions by providing a context that is more conducive to a 

favourable response. However, moderators of symptom improvement are not 

often examined because moderation is assessed by means of statistical 

interactions that treatment studies are rarely powered for.  

 Although several factors have been suggested as predictive of poor 

response in the treatment of bipolar disorder, conflicting results have been 

reported
2
. The following factors have been reported to be associated with poorer 

acute treatment outcome: demographics (male / higher age
3
); lower age of onset

4-6
; 

greater illness severity
6,9

; longer duration of illness
3,7

; longer episode duration
4,9

; 

more frequent episodes
8,9

; shorter hospitalisation
4
; more frequent hospitalisation

6
; 

more suicidality
4,10

; presence of mixed states
5,9,11,12

; psychotic features
8
; comorbid 

psychiatric disorders
4,9,13

; substance abuse and dependence
9,14 

and rapid 

cycling
15,16

. Very little, however, is known about the impact of social adversity, 

and the interaction between medication and patient, affecting the decision to stop 

or change an existing treatment. 

 One way of improving the accuracy of prediction of response, and 

reducing inconsistencies in the literature, is to attempt to take into account the 

fact that improvement takes place over the course of time where the onset of 

improvement may be apparent from anywhere between the first few days to the 

last week of a 3-month period. Similarly, qualitative response patterns may be 

apparent over time that cannot be derived from net endpoint effects, and 

adjustment for confounders in multivariate models may shed light on their 

relative independence. Thus, while predictors of endpoints may be helpful in 

choosing a treatment course, numerous moderators may influence the course of 

individual symptom improvement over time once treatment is initiated. To our 

knowledge, no research has been directed towards the identification of the 

moderators of the rate of symptom improvement over time in acute mania. In the 

current study, hypotheses about a selection of potential moderators of the rate of 

symptom improvement during the first 12 weeks of the treatment of acute mania 

in patients with BD were tested. 
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Methods  

Data from the EMBLEM study was utilized for the current analyses. The study 

design was described elaborately in Chapter 1. In short, the EMBLEM is a large 

European prospective observational study, studying patients with a change in 

pharmacological treatment for acute mania. For the current analyses, data from 

the acute phase (assessments as baseline and after 1, 2, 3, 6 and 12 weeks) were 

employed. 

 

Measures: clinical outcome  

Symptom severity of mania and depression where captured using the following 

clinical assessment scales: i) Clinical Global Impression–Bipolar Disorder (CGI-BP) 

overall illness in the 12 months prior to enrolment; CGI-BP overall illness, mania, 

depression and CGI hallucinations/delusions respectively assessing current status 

at each visit (all rated for severity on a seven-point scale
17

); ii) the Young Mania 

Rating Scale (YMRS, score range 0-64
18

); iii) the 5-item version of the Hamilton 

Depression Rating Scale (HAMD-5, score range 0-18), defined by principal 

component analysis by González-Pinto and colleagues, in order to find the core 

depressive symptoms of mania (depressive mood, suicide ideation, guilt, 

obsessions, psychic anxiety
19

). 

 

Analyses 

The analyses focused on moderators of the rate of symptom improvement, i.e. the 

rate of reduction in mania, depression and psychosis severity over the six visits 

(visit 1 to visit 6, hereafter: Time). For ease of interpretation, relative (i.e. setting 

the baseline value at 100% and expressing subsequent measurements as 

percentages of the baseline value) rather than absolute reductions in 

symptomatology over time were modelled, so that effect sizes could be expressed 

in % differences of reduction in symptomatology (hereafter: relative CGI-BP 

mania, relative CGI-BP depression and relative CGI hallucinations/delusions).  

 

Mania 

In order to examine hypotheses about baseline moderators of rate of treatment 

outcome, models were fitted with relative CGI-BP mania (baseline set as 100% 

and time1, time2, time3, time4 and time5 as percentages relative to baseline) as 

the dependent variable and Time as the independent variable, adjusted for 

country and baseline absolute CGI-BP mania score. The strong linear effect of 
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Time in this model (see results section), representing the reduction of relative 

CGI-BP mania over the three months, was used as an indicator of treatment 

outcome. In order to assess hypothesized moderating effects on treatment 

outcome, moderator x Time variables were fitted. From this latter model, linear 

effect sizes for Time were calculated separately for the different strata of the 

moderator variable by applying and testing the appropriate linear combinations 

using the STATA LINCOM command. Main effects and interactions were assessed 

by Wald test
20

. As there was more than one observation per individual, 

compromising statistical independence of observations clustered within the same 

individual, a multilevel random regression analysis
21

 was carried out. Effect sizes 

were expressed as the regression coefficient B, which can be interpreted 

identically to the coefficient from a standard multiple regression equation (change 

in dependent variable with one unit change in the independent variable). 

 

Psychosis and depression  

For the relative CGI-BP depression and relative CGI hallucination/delusion 

outcomes, similar analyses were conducted. However, as the inclusion criteria for 

the EMBLEM study only specified high scores on the mania dimension (CGI-BP 

mania at least 3), two subgroups were identified for additional analyses of 

symptomatology reduction over time: i) the subgroup of patients with a baseline 

CGI-BP depression score of at least 3 (n=815, 24%) and ii) the subgroup with a 

baseline CGI hallucinations/delusions score of at least 3 (n=1849, 53%). In these 

two subgroups, similar analyses were conducted examining the effect of 

moderators on the rate of symptom improvement over the three-month treatment 

period, adjusting for the baseline CGI measure of the outcome dimension. In 

these analyses, baseline YMRS was additionally tested as a moderator (expressed 

as quintile groups). 

 

Moderators 

Guided by previous literature as indicated above, the following moderators at 

baseline were investigated: i) demographic (sex, age, social economic status [SES] 

expressed as educational achievement [1=university, 2=post-secondary vocational 

training, 3=secondary school-higher, 4=secondary school-lower, 5= primary school, 

6=none]); ii) historical clinical status (age at onset, baseline inpatient status, 

baseline CGI-BP overall illness in the past 12 months, reason for change of 

medication at baseline); iii) current clinical status (YMRS, compliance, a variable 
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indicating abuse or dependence of cannabis as well as alcohol and other 

substances (i.e., heroin), rapid cycling, baseline psychosis [measured with the CGI 

baseline hallucinations/delusions: a score of 1 to 2 versus a score of 3 to 7, 

hereafter: CGI binary hallucinations/delusions], baseline Hamilton Depression 5-

item score [HAMD-5; expressed as quintile groups]). 

 Moderating effects of social functioning was examined using five 

variables measuring independent living (0=no, 1=yes), work impairment (0=no 

impairment, 1=mild impairment, 2=moderate impairment, 3=severe impairment, 

4=unable to work due to mental illness), current relationship (0=no, 1=yes), low 

frequency of social activities in the last 4 weeks (5 or more times to 0 times) and 

number of dependents to care for (0=0 to 4=4 or more dependents). 

 

Confounders 

Confounders (most of which also served as hypothesized moderators) were 

decided upon by EMBLEM advisory board members and included the following 

variables: age and age at onset of first symptoms of bipolar disorder (analysed as 

quartile groups), sex, compliance at baseline as rated by the investigators 

(1=always compliant, 2=compliant about half the time or never, 3=not prescribed 

medication), reason for start of new oral medication at baseline (1=no medication, 

2=compliance, 3=lack of efficacy, 4=patient request, 5=intolerability, 6=other), 

country, baseline alcohol, cannabis and other substance use (all coded: 0=no use, 

1=use, 2=abuse, 3=dependence), baseline rapid cycling (no=0-3 episodes per year, 

yes=at least 4 episodes per year), baseline CGI-BP overall illness in the past 12 

months, baseline CGI-BP depression, baseline CGI hallucinations/delusions, SES, 

outpatient status at baseline (0=no, 1=yes), and medication cohort at baseline 

(0=none, 1=monotherapy with atypical antipsychotic [AP], 2=monotherapy with 

typical AP, 3=anticonvulsant monotherapy, 4=lithium monotherapy, 5=>1 atypical 

AP, 6=more than 1 typical AP, 7=more than 1 anticonvulsant, 8=typical & atypical 

AP, 9=atypical AP & lithium, 10=atypical AP & anticonvulsant(s), 11=typical AP & 

lithium, 12=typical AP & anticonvulsant(s), 13=lithium & anticonvulsant(s), 

14=atypical AP & lithium & anticonvulsant(s), 15=typical AP & lithium & 

anticonvulsant(s), 16=other (atypical AP & typical AP & lithium), 17=other 

(atypical AP & typical AP & anticonvulsant), 18=atypical & typical & lithium & 

anticonvulsant, 100=other combination). 
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Sample size and a priori effect size 

Per individual analysis, all patients with non-missing values on the moderator 

variable as well as all covariates were included. Consequently, a range of 63-100% 

of the sample was included in the various models. Given the large sample size 

likely to yield statistically significant results for findings with no clinical 

relevance, we set an a priori difference in symptom improvement rate over the six 

visits of at least 5% between two groups (or the two extremes if more than two 

groups) as the lower limit of clinical relevance. Thus, a moderator can be 

statistically significant, but if the effect size does not exceed 5%, it is not 

interpreted.  

 

Results 

Sample description 

A total of 3692 subjects participated in EMBLEM, of whom 3459 had a baseline 

rating of relative mania (CGI-BP mania 3) and were included in the current 

analyses. Of these, 39% were inpatients, 45% were male and the mean age was 

44.6 years (sd 13.4). The mean age of onset was 29.9 year (sd 11.0). Seventeen 

percent of the patients fulfilled rapid cycling criteria. Around 19% of patients had 

been in treatment for mood symptoms for less than 5 years, and 21% of the 

patients were not using medication at study entry. Table 1 provides an overview 

of baseline and 3 month clinical outcome and social functioning measures. 

 

Table 1. Clinical treatment outcome and social functioning measures at baseline and after 3 

months (n=3459). 

 Baseline  3 Months  

CGI-BP overall illness (mean, sd) 4.1 (1.3) 2.7 (1.3) 

CGI-BP mania (mean, sd) 4.8 (1.0) 2.2 (1.2) 

CGI hallucinations/delusions (mean, sd) 3.0 (1.8) 1.6 (1.0) 

CGI-BP depression (mean, sd) 1.9 (1.2) 1.8 (1.1) 

YMRS (mean, sd) 26.4 (9.9) 6.4 (7.5) 

HAMD-5 (mean, sd) 2.8 (2.8) 2.1 (2.5) 

Independent living (%) 58% 59% 

Current relationship (%) 59% 60% 

Severe work impairment / unable to work (%) 51% 45% 
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Descriptives 

There were no correlations between post-baseline relative CGI-BP mania and 

either age (r=0.0089) or age of onset (r=-0.025). 

 

Reductions in mania, depression and psychosis 

The level of relative CGI-BP mania, relative CGI-BP depression (in the subgroup of 

those with high baseline depression) and relative CGI hallucinations/delusions (in 

the subgroup of those with high baseline levels of psychosis) declined sharply 

with time, representing a 52% reduction for mania (n=3442, -10.6% per visit, 95% 

CI: -10.8, -10.5, P<.001), a 56% reduction for psychosis (n=1848, -11.4% per visit, 

95% CI: -11.6, -11.1, P<.001), and a much smaller reduction for depression of 36% 

(n=814: -7.1% per visit, 95% CI: -7.5, -6.7, P<.001). Figure 1 illustrates these 

findings. 
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Mania Moderators: demographic factors 

For age and sex, the moderator x Time interactions failed to achieve the 

combination of reaching statistical significance and exceeding the a priori limit of 

at least 5% difference in rate of symptom improvement, in contrast to the 

moderator x Time interactions of both SES and age of onset (SES: interaction: 

χ2
=33.5, df=5, P<0.001: 10% less improvement over 12 weeks in lowest compared 

Figure 1. Rate of psychopathological symptom improvement.  

Summary reduction, expressed as percentage of baseline value, adjusted for country and 

absolute baseline value of CGI score. Over 12 weeks, there was a 52% reduction in mania 

raw score (n=3442), a 36% reduction in depression raw score (n=814) and a 56% reduction 

in hallucinations/delusions raw score (n=1848). 
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to highest category; age of onset: interaction: χ2
=27.2, df=1, P<0.001: 5% less 

improvement over 12 weeks in lowest compared to highest onset quartile group). 

 

Mania Moderators: medication at baseline 

The moderator x Time interaction for compliance and antipsychotic treatment at 

baseline both failed to achieve the combination of reaching statistical significance 

and exceeding the a priori limit of at least 5% difference in rate of symptom 

improvement. Compared to being prescribed medication because the patient was 

not taking any at inclusion, several reasons for change of medication at baseline 

significantly moderated symptom improvement. Results are presented in Table 2.  

 

Table 2. Moderating effects on mania symptom improvement of reasons for change of 

medication at baseline (n=2389). 

  Decrease in improvement rate  

over 12 weeks 

Interaction 

Compliance 6% χ2

=11.3 (df=1, P<0.001) 

Lack of efficacy 9% χ2

=78.4 (df=1, P<0.001) 

Patient requests change  10% χ2

=25.5 (df=1, P<0.001) 

Lack of tolerability  14% χ2

=47.2 (df=1, P<0.001) 

Other reasons  5% χ2

=6.7 (df=1, P=0.016) 

The category ‘no medication prescribed’ served as reference category for all analyses. For 

each category of ‘Reason for change’, the summary reduction in CGI-BP mania was 

calculated. The difference in summary reduction per visit between categories, multiplied by 

5, represents the total difference in symptom improvement over the three-month period.  

 

Mania Moderators: clinical factors 

Both higher baseline HAMD-5-score (interaction: χ2
=113.3, df=4, P<0.001; 10% less 

symptom improvement over 12 weeks in highest vs. lowest group; Fig. 2) and 

higher baseline CGI-BP overall illness severity in the 12 months prior to inclusion 

(interaction: χ2
=71.0, df=6, P<0.001; 15% less improvement over 12 weeks in 

highest vs. lowest group; Fig. 3) reduced the rate of improvement. The moderating 

effects of CGI binary hallucinations/delusions and any use or abuse of alcohol, 

cannabis and other substances at baseline all failed to exceed the a priori limit of 

at least 5% difference in rate of symptom improvement. In contrast, baseline 

outpatient status (interaction: χ2
=86.7, df=1, P<0.001; 9% less improvement over 

12 weeks) and rapid cycling (interaction: χ2
=70.8, df=1, P<0.001; 10% less 

improvement over 12 weeks) did reduce the rate of improvement (Fig. 4a).  
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Figure 2. Rate of mania symptom improvement per visit as a function of baseline HAMD-5 

quintile group. 

Summary reduction in CGI-BP mania per visit (n=2304). Markers represent effect size; lines 

represent upper and lower limits of 95% confidence interval. The difference in summary 

reduction between group 1 (lowest HAMD score) and 5 (highest HAMD score) was 2.0%, 

representing a 5x2.0=10% difference in symptom improvement over the three-month period. 
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Figure 3. Rate of mania symptom improvement per visit as a function of baseline CGI-BP 

overall illness severity in the past 12 months.  
Summary reduction in CGI-BP mania per visit (n=2363). Markers represent effect sizes; lines 

represent upper and lower limits of 95% confidence interval. The difference in summary 

reduction between category 1 (normal, not ill) and category 7 (very severely ill) was 2.9%, 

representing a 5x2.9=14.5% difference in symptom improvement over the three-month period. 
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Figure 4a. Rate of mania symptom improvement per visit as a function of categorical 

baseline moderators. 

Summary reduction in CGI-BP mania. Markers represent effect sizes; lines represent upper 

and lower limits of 95% confidence interval. The difference in summary reduction between 

moderator categories, multiplied by 5, represents the total difference in symptom 

improvement over the three-month period. All exceeded the a priori limit of 5%: independent 

living: 5 x 1.4%=7%; relationship 5 x 1%=5%; in-patient status: 5 x 1.7%=8.5%; rapid 

cycling: 5 x 2%=10%. 

 

Mania Moderators: social factors 

Most social variables at baseline predicted the rate of symptom improvement (Fig. 

4a-c). Exact results are presented in Table 3. ‘Number of dependents’ was the only 

social variable not reaching significance.  

 

Psychosis Moderators in manic patients with evident psychosis 

The results for the moderating influences of the YMRS and HAMD-5 scores on 

the course of psychotic symptoms within the subgroup of patients with a high 

CGI hallucinations/delusions baseline score are displayed in figures 5a and 5b. 

Low mania co-morbidity at baseline predicted a reduction in improvement on 

psychosis symptoms of 22% over 12 weeks (interaction: χ2
=96.7, df=4, P<0.001), 

while high depression co-morbidity predicted a reduction of 14% (interaction: 

χ2
=61.8, df=4, P<0.001). 
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Table 3. Moderating effects of social variables on mania symptom improvement. 

 Decrease in 

improvement rate over 

12 weeks 

Interaction 

Lack of independent living
1

  7% χ2

=62.2,  

df=1, P<0.001 

No current relationship
2

  5% χ2

=30.2,  

df=1, P<0.001 

Severe work impairment
3

  7% χ2

=17.4,  

df=1, P<0.001 

Inability to work
3

  14% χ2

=70.2,  

df=1, P<0.001 

Lowest frequency of social activities
4

  10%  χ2

=79.2,  

df=5, P<0.001 

N=3459. Reference categories: 
1

=independent living; 
2

=current relationship; 
3

=no 

impairment; 4=highest frequency of social activity (interaction based on all 5 categories). 

Summary reduction in CGI-BP mania was calculated. The difference in summary reduction 

between categories, multiplied by 5, represents the total difference in symptom improvement 

over the three-month period.  
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Figure 4b. Rate of mania symptom improvement per visit as a function of baseline 

frequency of social activities (from lowest to highest).  

Summary reduction in CGI-BP mania (n=2357). Markers represent effect sizes; lines represent 

upper and lower limits of 95% confidence interval. The difference in summary reduction 

between group 1 (highest frequency) and group 6 (lowest frequency) was 1.9%, representing a 

5x1.9=9.5% difference in symptom improvement over the three-month period. 
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Figure 4c. Rate of mania symptom improvement per visit as a function of baseline level of 

work impairment. 

Summary reduction in CGI-BP mania (n=2345). Markers represent effect sizes; lines represent 

upper and lower limits of 95% confidence interval). The contrast in symptom improvement 

over three months between the reference category of no impairment and severe impairment 

(5x1.4%=7%) and unable to work (5x2.7%=13.5%) exceeded the a priori limit of 5%. 
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Figure 5a. Rate of psychosis symptom improvement per visit as a function of baseline 

YMRS quintile group. 

For each YMRS quintile group (raw score range provided), the summary reduction in CGI 

hallucinations/delusions (n=1191) was calculated. Markers represent effect sizes; lines 

represent upper and lower limits of 95% confidence interval). The difference in summary 
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reduction between group 1 (lowest score) and group 5 (highest score) was 4.3%, representing 

a 5x4.3=21.5% difference in symptom improvement over the three-month period. 
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Figure 5b. Rate of psychosis symptom improvement per visit as a function of baseline 

HAMD-5 quintile group. 

For each HAMD-5 quintile group (raw score range provided), the summary reduction in CGI 

hallucinations/delusions (n=1238) was calculated. Markers represent effect sizes; lines 

represent upper and lower limits of 95% confidence interval). The difference in summary 

reduction between group 1 (lowest score) and group 5 (highest score) was 2.8%, representing 

a 5x2.8=14% difference in symptom improvement over the three-month period. 

 

Depression Moderators in manic patients with evident depression 

The rate of improvement on relative CGI-BP depression was not moderated by 

either baseline YMRS (interaction: χ2
=4.7, df=4, P=0.32) or CGI binary 

hallucinations/delusions (interaction: χ2
=3.0, df=1, P=0.09) within the subgroup of 

patients with a high CGI-BP depression baseline score. 

 

Discussion 

Given the longitudinal nature and large sample size, EMBLEM provides an 

invaluable source to understand the context of response in patients receiving 

pharmacological treatment for mania in bipolar disorder.  

 In this study, mania symptoms as well as psychotic and depressive 

symptoms were found to be reduced significantly over the course of three 

months. Higher baseline depression, higher baseline illness severity, higher age of 
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onset, rapid cycling, an outpatient status as well as several social and patient 

factors related to changes in medication were found to be negative moderators of 

rate of improvement on mania symptoms. Some of these variables have also been 

reported as predictors of response in acute mania in current literature, but many 

have not been reported before, particularly those in the social and patient realm. 

Our findings demonstrate the predictive importance of these specific dimensions, 

and additionally add a new dimension to the impact of these variables, in terms of 

their effect on rate of improvement over time. They deserve particular attention 

throughout the treatment of acute mania as they exert significant influence as 

predictor as well as moderator variables on individual rate of symptom 

improvement. 

 Moderating effects were not confirmed for some of the variables, most 

importantly substance abuse and dependence, and the CGI hallucinations/ 

delusions score. Compliance demonstrated moderating effects only if specifically 

related to reason for changing the medication at baseline, and even then its effect 

size was modest. Even though the predictive quality of compliance in acute mania 

treatment has not been reported in the current literature, it was found to have 

predictive power in the long term
22

 and a moderating effect could reasonably be 

hypothesized. It is likely, however, that any impact of compliance is secondary to 

the many covariates that were adjusted for in the realm of clinical and social 

variables and therefore no strong effect was apparent. Thus, the analyses sheds 

light on which factors may be primary, and which factors may be secondary 

moderators of rate of symptom improvement. Furthermore, the impact of poor 

compliance on treatment outcome may be much more important with regard to 

long-term rather than short-term outcome
23

, and this study only examined 

outcome over 3 months. 

 This explanation may also hold for the absence of a moderating effect of 

substance abuse and dependence. For example, Calabrese and colleagues
24

 showed 

that alcohol and drug abuse did not affect the overall response rate in compliant 

patients treated for acute mania – i.e., if compliance is held constant (is corrected 

for) the impact of substance and alcohol abuse on treatment outcome is less 

apparent. Thus, co-morbidity of substance abuse may alter the prognosis by 

increasing the prevalence of poor compliance and by having an impact on long-

term rather than short-term outcome.  

 The CGI hallucinations/delusions score was found not to have a 

moderating effect on the rate of improvement regarding mania symptoms. At the 
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same time, both low mania and high depression comorbidity at baseline predicted 

a reduction in improvement of the psychosis dimension in patients with evident 

psychosis at baseline. This is an interesting finding; a moderating effect of mania 

symptoms on psychotic symptoms is found in a subgroup of psychotic patients, 

but not the other way around in the entire sample. A plausible explanation for 

this finding is that the CGI hallucinations/delusions does have a moderating effect 

on mania symptoms when analyzed within a homogeneous subgroup of patients 

with evident psychosis, but is weakened and therefore not significant within this 

heterogeneous sample. 

 The rate of improvement on depressive symptoms was not associated 

with baseline mania and psychosis, which might be caused by a primary 

treatment focus on mania symptoms. This is illustrated by the 36% reduction in 

depression, as opposed to a 52% and 56% reduction in mania and psychosis 

symptoms, respectively. Nevertheless, the absence of a moderating effect of 

psychosis on treatment outcome regarding depressive symptoms is in line with 

the report by Dilsaver and co-workers
11

, who failed to find a difference in 

response on depressive symptoms after controlling for psychosis in a mixed state 

sample. Indeed, the treatment of depressive symptoms is much less successful 

than is the treatment of manic symptoms in bipolar disorder
25

. 

 An important finding was that variables indicating social adversity, social 

isolation and social inequality such as lower SES, were strongly associated with 

symptom improvement. Although not unexpected, given the ubiquitous negative 

influence of social adversity on medical outcomes
26

, the finding serves as a 

reminder that the outcome of pharmacological treatment is modified by social 

context. Similarly, any of a range of adverse outcomes of patient-treatment 

interactions, expressed in this study as compliance, patient requesting change in 

medication, tolerability and lack of effectiveness, was strongly associated with the 

rate of improvement in the following twelve weeks. These data suggest that more 

attention should be directed towards baseline patient-medication interactions as 

powerful modifiers of subsequent response. 

 

Limitations 

Certain limitations should be taken into account when interpreting these results. 

Firstly, although limited inclusion criteria were employed, solely patients with an 

acute manic episode requiring change or initiation of medication were enrolled, 

whereas in clinical practice often a dose increase with or without co-medication is 
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initiated in patients with an acute manic episode. However, due to the 

observational design of the EMBLEM study, as well as the limited number of 

inclusion/exclusion criteria, external validity may even be higher as compared to 

randomised controlled trials, thus enhancing generalisability of the results
27,28

. 

 Secondly, patients were evaluated by a large number of experienced 

psychiatrists with reliable but simple scales, which could easily be completed 

during daily practice. Given that investigators from 14 European countries 

participated in the study, differences in health care systems may decrease the 

extent to which data is representative. Additionally, the reliability of the 

assessments may be reduced by the high number of investigators. Conversely, the 

naturalistic design of the study provides the unparalleled opportunity to explore 

this extensive source of clinically relevant information. 

 Finally, as bipolar disorder is unique in its complexity, a number of 

factors with a potential moderating effect were not included in the EMBLEM 

study. For instance, literature indicates that comorbid psychiatric disorders are 

highly related to the treatment outcome in acute mania, in particular anxiety; 

patients with high levels of anxiety symptoms are more likely to exhibit 

cyclothymia, alcohol abuse and suicidal behaviour
29

. Feinman and co-workers
30

 

confirmed a significant association between anxiety and substance abuse, while 

Feske
9
 found that anxiety might lead to more frequent medication changes to 

reduce potentially anxiety-evoking side effects. As the lifetime prevalence of panic 

disorder and obsessive compulsive disorder in patients with BD is substantial 

(20.8% and 21% respectively
31,32

), the absence of anxiety related data in the 

current study should be taken into account when interpreting the results. 

Additionally, other factors such as current or childhood stressful life events
33

 may 

influence mania outcome. Assessing the moderating potential of anxiety and 

other factors forms a challenge for future research.  

 

Conclusion 

In summary, the rate of symptom improvement in acute mania is conditional to a 

large extent on the social and psychopathological context. Understanding the 

context of response in terms of the dynamics of the different social, 

psychopathological and patient environments is a necessary prerequisite for the 

development of new interventions that go beyond main effects to creating 

moderating environments that are conducive to treatment response. In addition, a 

simple set of variables may be used to predict a substantial part of the variability 
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in the rate of short-term treatment outcome of acute mania and comorbid 

psychopathology.  
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Abstract 

Introduction. Psychopathological heterogeneity in manic syndromes may in part 

reflect underlying latent classes with characteristic outcome patterns. Differential 

treatment course and outcome after 12 weeks of treatment was examined for 3 

distinct classes of patients with acute mania in bipolar disorder.  

Methods. 3459 Patients with acute mania were divided into 3 distinct mania 

classes; ‘Typical’, ‘Psychotic’ and ‘Dual’ (i.e. co-morbid substance use) Mania. 

Persistence of class differences and social outcomes were examined, using 

multilevel regression analyses and odds ratios. 

Results. The 3 classes showed substantial stability post-baseline in the pattern of 

associations with class-characteristic variables. Psychotic and Dual Mania 

predicted poorer outcome in terms of psychosis comorbidity, and demonstrated 

more severe overall bipolar and mania symptoms. Dual Mania additionally 

predicted poorer outcome of alcohol and substance abuse. Worse social outcomes 

were observed for both Dual and Psychotic Mania.  

Conclusion. The identified distinct classes are stable and associated with 

differential treatment outcome. Overall, Dual and Psychotic Mania show less 

favourable outcomes compared to Typical Mania. These findings additionally give 

rise to concern on generalisability of RCT’s. 
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Introduction 

Treatment possibilities for bipolar disorder have extended in recent years, 

reflecting the necessity to accommodate the clinician’s need for multiple options 

to treat this complex disease. However, it remains unclear to what degree 

treatment outcomes in Randomized Clinical Trials (RCT’s) are applicable to the 

wider population under natural treatment conditions
1
. The application of 

relatively strict in- and exclusion criteria in RCT’s significantly reduces 

generalization to routine clinical practice. Literature shows that the very exclusion 

criteria used in RCT’s may themselves be associated with outcome; more 

suicidality
2,3

, substance abuse and dependence
4-7

, more comorbidity
2,6

, and greater 

illness severity
6,8,9

 are associated with worse outcome in acute mania, suggesting 

bias may be introduced by not including patients fulfilling these RCT exclusion 

criteria.  

 In a recent paper, Haro and colleagues
10

 reported heterogeneity of manic 

psychopathology, demonstrating that commonly utilized RCT exclusion criteria 

characterise one distinct class of patients. By combining 20 variables in a Latent 

Class Analysis approach, the authors found a cluster of 6 baseline clinical and 

psychopathological patient characteristics, which were able to differentiate three 

distinct classes of patients with acute mania: ‘Typical Mania’, ‘Psychotic Mania’ 

and ‘Dual Mania’, constituting 59%, 28% and 13% of the sample, respectively. 

The authors concluded that exclusion criteria selectively keep out patients from 

the Dual Mania class (referring to misuse of substances) from RCT’s, which may 

create a gap in our knowledge on treatment effectiveness.  

 The purpose of the current analyses is to elaborate on the distinction 

recently made by Haro and co-workers
10

 in the same sample of patients. First, 

validity of the classes was examined in terms of continued discriminate ability 

over time, hypothesising that analyses would show persistent differences between 

classes in terms of psychopathology and substance misuse over the follow-up 

period. Second, the hypothesis that differential treatment response, in terms of 

change from baseline, would exist between the classes in both the 

psychopathological and social domains, with less favourable treatment outcomes 

for the Psychotic Mania and Dual Mania classes, was examined. The main goal of 

the analyses was to examine to what degree the three groups would remain 

separate over time, similar to the classic design of follow-up studies of different 

diagnostic categories within severe mental illness, in order to establish whether 

there are differences in outcome that would validate the continuing use of the 
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diagnostic classification. However, given the fact that any outcome difference 

between diagnostic groups must be mediated by other variables, we hypothesised 

that the 6 patient characteristics that discriminated between the 3 classes at 

baseline
10

 would also mediate outcome separations between the classes after 12 

weeks of treatment.  

 

Methods  

Data from the EMBLEM study was utilized for the current analyses. The study 

design was described elaborately in Chapter 1 and in previous reports
10,11

. In short, 

the EMBLEM is a large European prospective observational study, studying 

patients with a change in pharmacological treatment for acute mania. For the 

current analyses, data from the acute phase (assessments as baseline and after 1, 2, 

3, 6 and 12 weeks) were employed. 

 

Classes 

For 3425 patients, sufficient data was available to assign them to the Typical 

(n=2020, 59.0%), Psychotic (n=960, 28.0%) or Dual Mania (n=445, 13.0%) class for 

the purpose of the current analyses. This classification was based on a previous 

analysis of the baseline data of the same patient sample by Haro et al.
10

. Psychotic 

Mania was characterised by a relatively high percentage of patients with a Clinical 

Global Impression Bipolar Disorder (CGI-BP) overall illness score of at least 6 

(severely ill), and the presence of hallucinations and/or delusions in all instances. 

Patients with Dual Mania showed comorbid substance use problems, a higher risk 

of suicide attempts and hospitalisation, poorer treatment compliance and a higher 

level of functional impairment. Typical Mania patients were characterised by a 

low prevalence of both psychotic symptoms and substance use problems. 

 

Psychopathology: persistent differences between classes 

In order to test for persistent differences in psychopathology between classes, CGI 

measures of psychopathology were used, measured at baseline and after 1, 2, 3, 6 

and 12 weeks. Thus, symptom severity of bipolar disorder, mania, psychosis and 

depression was captured using the following clinical assessment scales: CGI-BP 

overall illness; CGI-BP mania, CGI hallucinations/delusions, and CGI-BP 

depression, respectively (all rated for severity on a seven-point scale
12

). 
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Substance misuse measures 

Investigators were requested to assess the patients’ current use of cannabis, 

alcohol and other substances, based on the patient’s self-report and the 

investigator’s clinical experience and judgement. In order to test for persistent 

differences in substance use between classes, and to test for differences in 

outcome of substance use, assessments at baseline and after 12 weeks on alcohol 

use, cannabis use and other drug use (e.g. heroin) in the past three months (0=no 

use, 1=use, 2=abuse, 3=dependence) were used (these measures had not been 

collected at visits in between). 

 

Psychopathology: treatment outcome differences between classes 

In order to test for differences between classes in treatment outcome of 

psychopathology, the Young Mania Rating Scale
13

 (YMRS) and the 5-item version 

of the Hamilton Depression Rating Scale
14

 (HAMD-5) were used. The HAMD-5 

was constructed on the basis of factor analyses, demonstrating five independent 

and clinically interpretable factors corresponding to depressive mood, suicide 

ideation, guilt, obsessions and psychic anxiety. These scales were administered at 

baseline and again after 6 and 12 weeks. In addition, measures of the CGI-BP 

overall illness, CGI-BP mania, CGI hallucinations/delusions and CGI-BP depression 

were used in order to assess differences in treatment outcome in these 

dimensions. 

 

Social outcome: differences between classes 

In order to test for differences in social outcome between the classes, measures of 

social circumstances, administered at baseline and 12 weeks post-baseline, were 

used. Social factors were examined using non-validated but simple rating scales, 

measuring: i) independent living (0=living independently, 1=not living 

independently); ii) work impairment (0=no impairment, 1=mild impairment, 

2=moderate impairment, 3=severe impairment, 4=unable to work due to mental 

illness); iii) relationship (0=relationship, 1=no relationship); iv) frequency of social 

activities in the past 4 weeks (1=5 or more times to 5=0 times); v) number of 

dependents to care for (0=0 dependents to 4=4 dependents or more) and vi) 

satisfaction with life (1=very satisfied, 2=satisfied, 3=neither satisfied nor 

dissatisfied, 4=dissatisfied, 5=very dissatisfied).  
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Analyses  

Analyses were carried out using the STATA statistical program
15.

 As the Typical 

Mania class comprised almost 60% of the study population
10

, this class served as 

the reference group in all analyses. All analyses were adjusted for country. Other 

covariates were included as described per analysis below. The sample sizes for the 

individual analyses varied somewhat on the basis of the availability of complete 

data for all included variables (minimum 2491, maximum 3351). 

 

Persistent differences between classes in psychopathology 

The purpose of this analysis was to establish whether the diagnostic distinction of 

the classes would continue to be evident post-baseline. As it was not the purpose 

of the analyses to examine which variables mediated this distinction, no 

covariates other than country were introduced in the models. Thus, in order to 

test whether the three classes would continue to demonstrate differences in 

psychopathology post-baseline, the effect of baseline class type (independent 

variable) on post-baseline CGI-BP overall, CGI-BP mania, CGI 

hallucinations/delusions, and CGI-BP depression (dependent variable) was 

calculated. As in these analyses there were five post-baseline observations per 

individual, compromising statistical independence of observations clustered 

within the same individual, a multilevel random regression analysis
16

 was 

performed. Effect sizes were expressed as B coefficients and their 95% Confidence 

Intervals (CI’s).  

 

Persistent differences between classes in substance use 

In order to test whether the three classes would continue to demonstrate 

differences in measures of substance use, the effect of baseline class type 

(independent variable) on alcohol use, cannabis use and substance use after 12 

weeks (dependent variable), was calculated using multiple linear regression 

analysis. 

 

Differences between classes in psychopathological treatment outcome 

The purpose of this analysis was to establish whether the diagnostic distinction of 

the classes would predict differential change in selected outcomes. As it was not 

the purpose of the analyses to examine which variables mediated differential 

change, no covariates other than country and baseline measure of the outcome 

were introduced in the models. Thus, in order to examine whether the three 
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classes would demonstrate a differential treatment response, the effect of baseline 

class type (independent variable) on post-baseline HAMD-5, YMRS, CGI-BP 

overall illness, CGI-BP mania, CGI hallucinations/delusions and CGI-BP depression 

at 6 and 12 weeks post-baseline was calculated. These analyses were adjusted for 

their baseline measures (i.e. post adjusted for pre), in order to assess possible 

differences between classes in change in HAMD-5, YMRS and CGI-BP scores over 

the 12 week period. As in these analyses there were two post-baseline 

observations per individual, compromising statistical independence of 

observations clustered within the same individual, a multilevel random regression 

analysis
16

 was performed. Effect sizes were expressed as B coefficients and their 

95% Confidence Intervals (CI’s).  

 

Differences between classes in substance use outcome 

In order to determine whether the three classes would demonstrate differences in 

substance use outcome post-baseline, the effect of baseline class type 

(independent variable) on post-baseline measures of alcohol, cannabis and other 

substance use at visit 6, 12 weeks post-baseline (dependent variable), was 

calculated, adjusted for country and their baseline measures (i.e. post adjusted for 

pre), in order to assess the impact of class type on change in substance use 

variables. Multiple linear regression models were utilized, providing effect sizes as 

B coefficients and their 95% Confidence Intervals (CI’s).  

 

Differences between classes in social outcome 

For the 3 dichotomous social variables, a logistic regression model was applied, in 

which the effect of baseline class type (independent variable) was calculated on 

social outcome at 12 weeks post-baseline (dependent variable), adjusting for the 

baseline measure of the social outcome variable. This model (post adjusted for pre) 

in effect assess change over time in social outcome as a function of the class type 

at baseline. Effect sizes were expressed as odds ratios and 95% CI’s. For the 3 

continuous social variables, a similar analysis was conducted using multiple linear 

regression.  

 

Mediation of discriminating factors between classes 

Finally, analyses were conducted in order to determine to what extent the factors 

that discriminated between the 3 classes at baseline
10

 mediated outcome 

separations after 12 weeks of treatment. The 6 factors were: high CGI-BP mania 
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score (0=score of 1 to 5; 1=score of 6 or 7), presence of hallucinations/delusions in 

current episode (0=no, indicating CGI Hallucinations/delusions score of 1 or 2; 

1=yes, indicating CGI Hallucinations/delusions score of 3 or higher), alcohol 

problem ever (0=no, 1=yes), cannabis problem ever (0=no, 1=yes), other substance 

problem ever (0=no, 1=yes), current cannabis use (0=no use, 

1=use/abuse/dependence). In order to test mediating effects, the six 

discriminating factors were additionally added to the multilevel regression models 

of the effects of classes on outcome variables described previously. Factors were 

regarded as mediators of differential outcomes between classes when the 

association between a class and an outcome variable did not persist after 

including the discriminating factors into the model. Effect sizes were expressed as 

B coefficients and their 95% Confidence Intervals (CI’s). 

 

Results 

Sample description 

A total of 3684 subjects participated in EMBLEM. 3425 patients fulfilled the 

requested criteria
11

 and additionally presented with sufficient data to assign them 

to one of the three classes, and were therefore included in the current analyses. 

An extensive overview of demographic and clinical characteristics of the three 

classes of patients in this sample, as well as the inclusion criteria, are given in a 

previous report
10

. Table 1 provides baseline demographic and clinical 

characteristics for the complete patient sample as well as the 3 distinct ‘Typical 

Mania’, ‘Psychotic Mania’ and ‘Dual Mania’ classes.  

 

Table 1. Demographic and clinical characteristics of 3425 patients in 3 distinct mania 

classes.   

 Complete 

group  

(n=3425) 

Typical mania 

(n=2020) 

Psychotic 

mania 

(n=960) 

Dual 

mania 

(n=445) 

Number of patients (%) 100 59.0 28.0 13.0 

Age (mean, sd) 44.6 (13.4) 47.3 (13.2) 44.0 (12.8) 34.1 (9.7) 

Age of onset (mean, sd) 29.9 (11.0) 31.3 (11.4) 30.2 (10.8) 23.7 (6.9) 

Female (%) 55.4 59.0 59.7 29.8 

Inpatient status (%) 58.1 62.6 53.4 47.9 

Rapid cycling (%) 17.3 19.6 12.2 17.8 
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Table 2 provides an overview of scores on the CGI scales, YMRS and HAMD-5, 

substance use and social factors at baseline and after 12 weeks. Table 3 shows the 

prescribed medication by class after 12 weeks of treatment. Medication 

differences were in the expected direction, with psychotic mania having the 

highest rate of combination therapy. Detailed drug status of the three classes was 

described by Haro and colleagues
10

. Dropout rate was 20% over 6 weeks, most 

commonly due to loss of contact after discharge from the hospital or change of 

treating clinician. 

 

Class differences in post-baseline psychopathological symptoms 

Compared to the Typical Mania class, both the Psychotic Mania (B=0.52, CI: 0.44, 

0.60; P .001) and the Dual Mania class (B=0.37, CI: 0.27, 0.48; P .001) showed 

significantly higher scores on the CGI-BP overall illness at the post-baseline 

measurements. The CGI-BP mania scores were found to be significantly higher 

post-baseline in the Psychotic Mania (B=0.58, CI: 0.50, 0.66; P .001) and the Dual 

Mania classes (B=0.42, CI: 0.31, 0.52; P .001), compared to the Typical Mania class. 

Similar results were apparent for the YMRS scores (Psychotic: B=0.22, CI: 0.16, 

0.27; P .001; Dual: B=0.29, CI: 0.21, 0.36; P .001).  

 

Class difference in post-baseline substance abuse and change in substance abuse  

At baseline, the Dual Mania class patients were characterised by substance use 

problems, in contrast to the other classes. Post-baseline, the Dual Mania class 

continued to show significantly higher rates of cannabis, alcohol and other 

substance use, compared to the Typical Mania class, after adjustment for country, 

indicating persistence of class differences in terms of substance abuse (cannabis: 

B=0.47, CI: 0.44, 0.50; P .001; alcohol: B=0.35, CI: 0.29, 0.41; P .001; other 

substances: B=0.15, CI: 0.12, 0.18; P<.001).  

 When additionally adjusting for baseline measures of substance use, thus 

effectively assessing possible differences between classes in change in substance 

abuse over the 12 weeks period, the differences between the Dual Mania and the 

Typical Mania class largely remained, indicating less reduction in cannabis and 

alcohol abuse (cannabis: B=0.11, CI: 0.06, 0.15; P .001; alcohol: B=0.16, CI: 0.11, 

0.22; P .001); change in use of other substances, however, were not significantly 

different. 
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Table 2 (continued on next page). Clinical and social variables at baseline and after 12 weeks of 3 mania classes. 

 Complete group  

(n=3425) 

Typical mania 

(n=2020) 

Psychotic mania 

(n=960) 

Dual mania 

(n=445) 

CGI-BP overall  

     illness (mean, sd) 

Baseline*  4.1 (1.3) 3.9 (1.2) 4.4 (1.5) 4.3 (1.3) 

12 wks 2.7 (1.3) 2.6 (1.3) 2.7 (1.3) 2.7 (1.4) 

CGI-BP mania  

     (mean, sd) 

Baseline 4.8 (1.0) 4.4 (0.8) 5.6 (0.7) 4.9 (0.9) 

12 wks 2.2 (1.2) 2.1 (1.2) 2.3 (1.3) 2.3 (1.3) 

CGI-BP hallucinations /             

     delusions (mean, sd) 

Baseline 3.0 (1.8) 2.1 (1.4) 4.5 (1.4) 3.4 (1.7) 

12 wks 1.6 (1.0) 1.4 (0.9) 1.8 (1.2) 1.7 (1.1) 

CGI-BP depression  

     (mean, sd) 

Baseline 1.9 (1.2) 1.9 (1.2) 1.8 (1.2) 1.8 (1.1) 

12 wks 1.8 (1.1) 1.8 (1.1) 1.7 (1.1) 1.7 (1.1) 

 

YMRS (mean, sd) 

 

Baseline 

 

27.6 (10.5) 

 

23.6 (8.8) 

 

34.7 (9.4) 

 

30.8 (10.3) 

12 wks 6.7 (7.9) 6.0 (7.0) 7.6 (9.0) 8.3 (9.2) 

HAMD-5 (mean, sd) Baseline 2.8 (2.8) 2.9 (2.7) 2.8 (2.9) 2.7 (2.8) 

12 wks 2.1 (2.5) 2.1 (2.6) 2.0 (2.4) 2.1 (2.3) 

 

Alcohol use current** (% ) 

 

Baseline 

 

43 % 

 

38 % 

 

38 % 

 

76 % 

12 wks 27 % 25 % 22 % 52 % 

Cannabis use current** (%) Baseline 12 % 1 % 4 % 75 % 

12 wks 5 % 1 % 2 % 37 % 

Other substance use       

     current** (%) 

Baseline 7 % 3 % 3 % 32 % 

12 wks 3 % 2 % 1 % 13 % 
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Table 2 (continued from previous page). Clinical and social variables at baseline and after 12 weeks of 3 mania classes. 

  Complete group  

(n=3425) 

Typical mania 

(n=2020) 

Psychotic mania 

(n=960) 

Dual mania 

(n=445) 

Independent living situation 

(%) 

Baseline 42 % 37 % 47 % 52 % 

12 wks 41 % 35 % 49 % 53 % 

Current relationship (%) Baseline 59 % 63 % 59 % 43 % 

 12 wks 60 % 63 % 59 % 44 % 

Severe work impairment / 

unable to work (%) 

Baseline 38 % 32 % 45 % 51 % 

12 wks 25 % 20 % 32 % 34 % 

* CGI BP overall illness measure at baseline relates to symptoms severity during the past year. ** Current substance use is the sum of use, abuse  

and dependence 
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Table 3. Prescribed medication after 12 weeks of treatment for the 3 mania classes. 

 Typical  

Mania 

(n=2020) 

Psychotic 

Mania  

(n=960) 

Dual 

Mania 

(n=445) 

No medication (%) 2.6 1.2 0.3 

 

Monotherapy total (%) 

 

37.9 

 

27.0 

 

32.9 

Monotherapy antipsychotics (%) 22.8 19.2 22.9 

Monotherapy anticonvulsants (%) 11.4 3.8 7.8 

Monotherapy lithium (%) 3.6 4.0 2.2 

 

Combination therapy total (%) 

 

59.5 

 

71.8 

 

66.8 

Combination therapy multiple    

     antipsychotics (%) 

3.8 4.1 4.4 

Combination therapy antipsychotic &  

     lithium (%) 

13.0 14.4 11.3 

Combination therapy antipsychotic &       

     anticonvulsant (%) 

29.8 34.3 34.8 

Other combinations (%) 13.0 18.9 16.3 

 

Class differences in changes in social outcome  

For the calculation of odds ratios for dichotomous social variables, Typical Mania 

again served as the reference class. Patients from the Psychotic Mania as well as 

the Dual Mania class showed significantly higher probabilities of changing from 

an independent to a dependent living situation over 12 weeks of treatment 

(Psychotic Mania OR=1.95, CI: 1.35, 2.82; P<.001; Dual Mania OR=2.36, CI: 1.48, 

3.78; P<.001). Additionally, patients from the Psychotic and Dual Mania classes 

had a significantly higher probability of changing from having a relationship to 

not having a relationship (OR=1.71, CI: 1.03, 2.83; P=.049 and OR=2.72, CI: 1.49, 

4.97; P=.001, respectively). Furthermore, the Dual Mania class had significantly 

less dependents to care for, compared to the Typical Mania class (B=-0.07, CI: -0.13, 

-0.02; P=.012). Finally, both Psychotic and Dual Mania classes showed significantly 

higher probabilities of experiencing an increase in work impairment (OR=2.72, CI: 

1.80, 4.12; P<.001; OR=2.47, CI: 1.44, 4.26; P=.001, respectively) and demonstrated 

less satisfaction with life (B=0.11, CI: 0.02, 0.20; P=.018; B=0.14, CI: 0.02, 0.26; 

P=.023, respectively). The classes did not differ in the frequency of social activities.  
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Class differences in changes in psychopathological outcome 

Differential psychopathological outcomes between the classes were determined by 

adjusting analyses for baseline values, therefore assessing differences in 

improvement of psychopathological symptoms over the 12 week period between 

the classes. The Psychotic as well as the Dual Mania class showed less change on 

the CGI-BP overall illness after 12 weeks, indicating less improvement over the 

course of the acute treatment phase (B=14.01, CI: 10.60, 17.42; P .001 and B=8.43, 

CI: 3.89, 12.97; P<.001, respectively). Changes in CGI-BP mania, CGI 

hallucinations/delusions, CGI-BP depression and the HAMD-5 were not 

significantly different between the classes. However, there was significantly less 

improvement as measured by the YMRS in the Dual Mania class after 3 months 

of treatment (B=0.11, CI: 0.03, 0.18; P=.005).  

 

Table 4. Associations between classes and outcome measures after adding the six class-

discriminating variables to the outcome model. 

 Psychotic Mania † Dual Mania † 

CGI Hallucinations/ 

delusions 

B=0.12  

(95%CI:0.08, 0.16; P<.001) 

B=0.13  

(95%CI:0.03, 0.22; P=.007) 

 

Cannabis use 

 

* 

 

B=0.19  

(95%CI:0.14, 0.23; P<.001) 

Alcohol use * B=0.09  

(95%CI:0.00, 0.18; P=.048) 

Higher chance of living 

dependently 

OR=1.75  

(95%CI:.1.06, 2.88; P=.029) 

OR=2.30  

(95%CI;1.08, 4.94; P=.032) 

 

Higher chance of not  

having a relationship 

 

‡ 

 

OR=3.49  

(95%CI:1.31, 9.30; P=.012) 

 

Less dependents  

to care for 

 

* 

 

B=-0.11  

(95%CI:-0.20, -0.02; P=.015) 

 

Higher work impairment 

 

OR=2.13  

(95%CI;1.23, 3.70; P=.007) 

 

OR=2.24  

(95%CI:1.00, 5.13; P=.050) 

*=not significant in original analyses, therefore mediation was not tested. †=reference group 

is Typical Mania. ‡=significant association did not persist 
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Mediation of discriminating factors between classes 

Mediation of the 6 factors that discriminated the 3 classes at baseline was tested 

for all significant associations found. After including these variables into the 

models, several mediating effects became apparent. The differential outcomes 

between the Psychotic and Dual classes on the one hand and Typical Mania on the 

other in the individual models of CGI-BP overall illness, depression and mania 

scores as well as the YMRS, substance use and satisfaction with life did not 

persist. However, for the CGI Hallucinations/delusions score and the social 

outcomes there was no evidence of mediation with the exception of not being in a 

relationship (Table 4). 

 

Discussion 

As a large prospective, observational study, the EMBLEM provides a unique 

opportunity to unravel the context of response in patients receiving 

pharmacological treatment for mania in bipolar disorder. The results of the 

current study strengthen the findings of Haro and colleagues
10

; the 3 classes of 

patients that were previously distinguished using the baseline data were stable in 

terms of discriminatory power over the course of the acute treatment phase. The 

Psychotic as well as the Dual Mania Class showed both a higher CGI-BP mania 

and a higher CGI-BP overall illness score after 3 months, compared to the Typical 

Class, replicating findings at baseline
10

. While Psychotic and Dual Mania 

continued to score higher on psychosis, the Dual Mania class additionally 

persisted in demonstrating significantly more alcohol, cannabis and substance 

abuse. Haro and colleagues found these 3 variables (severity of mania, presence of 

psychosis and substance abuse) to be most important in defining the latent classes.  

 Additionally, the 3 classes were associated with differential treatment 

response after 12 weeks of treatment, confirming diagnostic heterogeneity in 

manic psychopathology. Dual and Psychotic Mania displayed inferior response to 

treatment: after adjusting for baseline values, significantly higher ratings of mania 

symptoms in the Dual Mania class were found after 12 weeks of treatment, and 

both classes displayed less improvement on overall bipolar symptoms, compared 

to Typical Mania. Moreover, compared to the reference group of Typical Mania, 

patients from the Psychotic Mania as well as the Dual Mania class had poorer 

social outcomes in terms of independent living, current relationships, work 

impairment and satisfaction with life. Dual Mania patients had the poorest 

outcome in terms of number of dependents to care for. Overall, this may indicate 
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that the Psychotic and Dual Mania classes suffer from a more severe manic 

syndrome, compared to Typical Mania, albeit in different contexts with regard to 

psychotic symptoms and substance abuse.  

 The validity of the diagnostic subtypes is underscored by the finding that 

most psychopathological differences between the classes after 12 weeks of 

treatment were mediated by the 6 factors that defined the classes initially
10

. The 

only exception was the persistently higher CGI Hallucinations/delusions score in 

the Dual and Psychotic classes compared to Typical Mania, which may indicate 

that other demographic or clinical differences between the groups at baseline or 

during the study additionally affect this symptom cluster. For example, earlier 

work shows that a lower age of onset reduces the rate of treatment response in 

acute mania
8
. Additionally, Lin and colleagues demonstrated that age of onset was 

associated with clinical heterogeneity
17

. Specifically, 3 normal distributions of age 

of onset could be identified within a group of bipolar patients. The subgroup with 

a younger age of onset was associated with comorbid substance use problems as 

well as a higher risk of suicide attempts; factors that were characteristic of our 

Dual Mania class
12

. Despite the uneven distribution of this variable across the 

classes, and even though these differences may not be crucial for the statistical 

separation of subgroups, they nevertheless may impact treatment outcome. This 

principle may also explain the finding that the 6 factors did not account for the 

differences in social outcome and the rate of substance abuse between the classes. 

 The findings are in line with existing literature; substance abuse and 

dependence were previously found to be associated with worse outcome in acute 

mania
4,5,6,7

, which is confirmed by the Dual Mania Class outcomes in the current 

study. Both Dual and Psychotic Mania classes showed significantly higher CGI-BP 

mania scores at baseline
10

 as well as after 12 weeks of treatment, which 

corresponds with the findings of Welge and co-workers
9
 that greater illness 

severity is associated with an unfavourable outcome. This association is reflected 

in differential non-psychopathological outcomes that were observed; the Psychotic 

as well as the Dual Mania class showed significantly higher probabilities of 

unfavourable changes in social circumstances. These findings may be partly 

explained by a slower recovery of symptoms due to more severe clinical 

symptomatology in these patients. This is in line with recent findings by our 

group
8
, as greater baseline illness severity was found to significantly reduce the 

rate of improvement in mania symptoms. Furthermore, it confirms the finding by 
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Kessing
19

, who demonstrated prolonged hospitalisation for manic patients with 

psychotic symptoms, compared to patients without these symptoms. 

 The classes did not differ on all outcome measures. There were no 

differences in changes over the 12 week period in the number of social activities, 

which might be related to the relatively short follow-up period of 12 weeks. 

Restoring social circumstances may be part of a longer-term recovery process after 

an acute manic episode.  

 Overall, the clinical heterogeneity at baseline reported by Haro and 

colleagues
10

 persisted over a period of 12 weeks, and the classes additionally 

displayed distinctive treatment responses. Heterogeneity of manic patients is not 

a new phenomenon; Kraepelin
20

 was the first to distinguish subgroups, which 

were partly confirmed in the past decade
21,22

. Although the results are far from 

homogeneous, the existence of a group of patients with psychotic mania is 

frequently observed, as well as other groups with aggressive or irritable mania 

and mania with anxiety symptoms
10

. Dysphoric and euphoric subgroups have also 

been reported
23

. Even though we were not able to investigate all reported 

subgroups, the currently reported distinction results in differential treatment 

outcomes of three classes, and therefore should be taken into account when 

treating individual patients for realistic treatment expectations to be set. 

Furthermore, these findings are clinically relevant in a second perspective; 

generalisability of RCT’s. As RCT’s of pharmacological treatments for acute mania 

focus on the first few months of treatment, the current findings suggest that 

RCT’s are conducted with patients representing roughly 60% of the bipolar 

patient population, and efficacy results are therefore not representative of the 

target population. Moreover, the patients with a less favourable outcome are 

usually excluded from these studies, based on factors that characterise the 

Psychotic and Dual Mania classes. 

 Strict placebo-controlled trials are imperative to determine anti-manic 

efficacy of new compounds. As correctly stated by Mant and colleagues
24

, it is a 

basic principle of epidemiology that the internal validity of a study is more 

important than its generalisability, since it is never appropriate to generalize an 

invalid finding. However, reports on RCT’s rarely disclose the patient sample 

composition, which complicates the application of results to the patients seen in 

different clinical settings. Moreover, most RCT’s investigate efficacy of 

monotherapy, whereas our patient sample suggests that the majority of patients is 

prescribed combination therapy. Naturalistic studies using broad inclusion criteria, 
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comparing the various treatments, alone or in combination, are necessary to 

investigate effectiveness of treatments in clinical practice. The results of 

controlled clinical studies with selected samples of patients need to be 

complemented by these naturalistic studies as demonstrated by our findings.   

 

Limitations 

Several limitations should be considered when interpreting these results. First of 

all, solely patients with an acute manic episode requiring change or initiation of 

medication were enrolled. In contrast, in clinical practice often a dose increase 

with or without co-medication is initiated in patients with an acute manic 

episode
25,26

. However, in line with the current discussion, due to the observational 

design of the EMBLEM study as well as the limited number of inclusion and 

exclusion criteria, external validity may be higher compared to RCT’s
27,28

 as a 

broader range of patients is included. 

 Secondly, a large number of experienced psychiatrists from 14 European 

countries evaluated the included patients, which may decrease the extent to which 

data is representative due to differences in health care systems. Additionally, the 

high number of investigators may have reduced the reliability of the assessments. 

To reduce the impact of the latter aspect, reliable but simple scales which could 

easily be completed during usual practice, were chosen for evaluation of the 

patients. Although scales such as the CGI-hallucinations/delusions have not been 

formally validated, the face validity of a procedure requiring an experienced 

clinician to make a global judgment on the presence of positive symptoms of 

psychosis using a simple scale is high, as it resembles to a high degree the 

judgment that the clinician uses in routine practice to make treatment decisions. 

There is face validity to the supposition that psychiatrists can be trusted to make a 

global judgment on the presence of psychotic symptoms in the treatment of their 

patients with bipolar disorder. 

 Finally, measurement of substance abuse was based on self-report of the 

patients interviewed by their doctor, which may not be a highly sensitive 

assessment. Wilkins and colleagues
29

 reported discrepancies between patients’ 

reports and urine analysis, as 43% of patients with a positive urine drug screen 

denied substance use in the week prior to assessment
29

. However, that study did 

not assess measurements of past substance use problems, which comprises 3 out 

of 6 latent class characteristics of our three groups. Furthermore, urine drug tests 

are not full proof, as it is impossible to distinguish an occasional user from an 
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abuser or dependent person over a short period of time. Nevertheless, even 

though the use of self-report as well as a urine drug screen would have been 

preferable, the observational nature of the current study prevented the use of an 

additional invasive urine drug screen. 

 

Conclusion 

The distinction between three identified classes persisted through 12 weeks of 

treatment, and is associated with differential treatment outcomes as well as 

inferior improvement on various symptoms. These findings confirm stability of 

heterogeneity in manic psychopathology. Overall, the Dual Mania and Psychotic 

Mania classes were stable and showed a less favourable outcome compared to the 

Typical Mania class. As the first 2 classes comprise 41% of our sample, and 

commonly utilized RTC exclusion criteria particularly characterise the Dual Mania 

class, these findings additionally give rise to concern on generalisability of RCT’s. 

Patient sample composition of RCT’s is usually not disclosed, which hampers 

application of results to the patients seen in different clinical settings. 
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Abstract 

Introduction. Research suggests that cannabis use impacts negatively on onset 

and outcome of schizophrenia, but less is known about possible effects in mood 

disorders.  

Methods. 3459 bipolar patients were enrolled in an observational study. The 

influence of cannabis exposure on clinical and social treatment outcome measures 

was examined over the course of 1 year, as well as the effects on these 

associations of third, mediating, variables.  

Results. Over 12 months of treatment, cannabis users exhibited less compliance 

and higher levels of overall illness severity, mania and psychosis compared to 

non-users. Additionally, cannabis users experienced less satisfaction with life and 

had a lower probability of having a relationship compared to non-users. There 

was little evidence that cannabis-outcome associations were mediated by third 

variables. 

Conclusion. An independent impact of cannabis use on psychopathological 

outcomes in patients with BD was apparent, whereas the impact on social 

outcomes was modest.  
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Introduction  

There is evidence of a deleterious effect of cannabis use on the course of illness in 

schizophrenia
1-4

. Little is known, however, about its prognostic effects in mood 

disorders, in particular bipolar disorder (BD)
5,6

. This is topical, as high rates of 

cannabis use have been reported in patients with BD, with current use ranging 

from 8-22% and lifetime use ranging from 30-64%
7
. Additionally, the psychotic 

symptomatology frequently associated with BD may complicate or worsen the 

clinical effects of cannabis use, and vice versa. Despite these indications of a 

plausible influence of cannabis use on the course of BD, little research has been 

conducted on the long term effects within this specific population. 

 Understanding the role of cannabis use within the complex course of 

bipolar illness may offer valuable insights into treatment strategies. Therefore, the 

purpose of the current analyses was to unravel the influence of cannabis use on 

12-month clinical and social treatment outcome within a population of patients 

with BD, hypothesizing negative effects of cannabis exposure on course and 

outcome.  

 

Method  

Data from the EMBLEM study was utilized for the current analyses. The study 

design was described elaborately in Chapter 1 and previous reports
8,9

. In short, the 

EMBLEM is a large European prospective observational study, studying patients 

with a change in pharmacological treatment for acute mania. For the current 

analyses, data from the acute phase (assessments as baseline and after 1, 2, 3, 6 

and 12 weeks) as well as a part of the maintenance phase (assessments at 6 and 12 

months after baseline) were employed. 

 

Measures: cannabis use 

Investigators were requested to assess patients‟ current cannabis use, based on the 

patient‟s self-report and the investigator‟s clinical experience and judgment. 

Current cannabis use was determined at baseline and after 12 weeks, 6 months 

and 1 year (0=no use, 1=use, 2=abuse, 3=dependence). Each measurement covered 

the 3-month period preceding the time of assessment, therefore resulting in an 

assessment of cannabis use during a 15-month period (with a cumulative 15-

month cannabis score ranging from 0 to 12). We wished to examine differences 

between groups as a function of any cannabis use during the study, hypothesising 

that those prone to using cannabis would be likely to experience effects on the 
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course and outcome of bipolar illness. Thus, in order to examine the effect of 

cannabis use, regardless of level of dependency or duration of use, the cumulative 

15-month cannabis score was dichotomised (hereafter: “any cannabis use”; 0=no 

use over 15 months, 1= any use/abuse/dependence over 15 months). Given the 

hypothesis of broad effects and the very small number of individuals rated as 

dependent, no separate hypotheses were tested regarding the level of cannabis 

dependence. 

 

Measures: clinical treatment outcome 

Severity of psychopathology was measured at each observation using the 

following clinical assessment scales: CGI-BP overall illness; CGI-BP mania, CGI 

hallucinations/delusions and CGI-BP depression (all rated for severity on a seven-

point scale
10

). Additionally, at each observation, compliance to medication as 

judged by the investigator was assessed (0=always compliant, 1=compliant about 

half the time or never). Thus, psychopathology and compliance were measured 

over a one-year period. Finally, use of alcohol and other substances (e.g. cocaine 

and heroin) was assessed at baseline and after 12 weeks, 6 months and 1 year 

(0=no use, 1=use, 2=abuse, 3=dependence), based on the patient‟s self-report and 

the investigator‟s clinical experience and judgment. As a high prevalence of poly-

drug use was expected in our sample, the effects of severe levels of craving for 

drugs, expressed as poly-drug use, may hamper interpretation of possible effects 

of the use of alcohol and/or other substances. Since we were interested in the 

effects of exposure to alcohol and/or other substances instead of effects associated 

with the extreme of the distribution of severe craving, these variables were also 

dichotomized to 0=no use over 15 months, 1= any use/abuse/dependence over 15 

months. 

 

Measures: social treatment outcome  

Social factors examined were: i) independent living (0=living independently, 

1=living dependently); ii) work impairment (0=no impairment, 1=mild 

impairment, 2=moderate impairment, 3=severe impairment, 4=unable to work 

due to mental illness); iii) relationship (0=relationship, 1=no relationship); iv) 

frequency of social activities in the previous 4 weeks (1=5 or more times to 5=0 

times); v) satisfaction with life (1=very satisfied, 2=satisfied, 3=neither satisfied 

nor dissatisfied, 4=dissatisfied, 5=very dissatisfied); vi) number of dependents to 

care for (0=0 to 4=4 dependents or more). All measurements assessed the current 



 

 

P
ag

e 
9

3
 

 
 

  
  

  
C

h
ap

te
r 

5
 

status and were administered at baseline and 12 weeks, 6 months and 1 year post-

baseline. Thus, social treatment outcomes were measured over a one-year period. 

 

Analyses  

Analyses were carried out using the STATA statistical program
11

. For all outcomes 

examined, data were hierarchically clustered in that there were multiple follow-up 

observations clustered within the same individual. In order to take into account 

clustering of the data within individuals, multilevel random regression analyses
12

 

were conducted in STATA. The XTREG routine for continuous data was applied, 

yielding the regression coefficient B and its 95% confidence interval (CI) as effect 

size. The XTGEE routine was used for dichotomous data, yielding the odds ratio 

(OR) and its 95% confidence interval as effect size. For all outcomes, models 

included all post-baseline observations of the outcome variable of interest, while 

controlling for the baseline value of this outcome variable. This model effectively 

assesses the effect of the cannabis exposure on change in the outcome variable 

over the course of one year.  

 

Mediation 

All analyses were adjusted for country. In order to examine to what degree any 

significant associations between any cannabis use and selected outcomes were 

statistically reducible to other (third) variables associated with both cannabis use 

and outcome, the following individual variables were examined for mediation by 

adding them separately to the model: sex (0=male, 1=female), compliance, age, age 

of onset (i.e., the age at which the first symptoms of bipolar disorder were 

experienced) and use of alcohol and other drugs. These variables with potentially 

mediating qualities were selected a priori, and not on the basis of statistical 

significance. A variable was regarded a mediator when the association between 

cannabis use and the outcome variable did not persist after including the 

mediator variable into the model, whereas the association between the mediator 

and the outcome variable was statistically significant (for example see Fig. 1).  

 

Sample size 

Not all countries participated in the maintenance phase of the study (12 weeks 

onwards), resulting in a decrease in the sample size after the 12 weeks 

observation (n=1891; Switzerland, Denmark, Germany and Spain only 

participated in the acute phase). The variable „completer‟ (1=completer, 2=non-
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completer) indicated whether each individual patient continued into the 

maintenance phase of the study, or only participated in the acute phase, 

respectively. In order to rule out differences in associations between any cannabis 

use and the outcome variables on the basis of being a „completer‟ or not, 

interaction effects between cannabis use and completer status were assessed for 

all significant associations between cannabis use and outcome variables. For this 

purpose, any cannabis use and completer status were included in the model, as 

well as their interaction. Apart from the decrease in overall sample size, the 

samples for the individual analyses varied somewhat on the basis of the 

availability of complete data for variables included in the separate models 

(minimum n=2291, maximum n=3356). 

 

Results 

Sample description 

A total of 3684 subjects participated in EMBLEM, of whom 3459 fulfilled the 

requested criteria with a baseline rating of mania (CGI-BP mania 3)
8
. For 33 

patients, all four assessments of cannabis use were missing, and therefore they 

were excluded from the analyses. Of the remaining 3426 patients, 39.2% were 

inpatients, 44.6% were male and the mean age was 44.6 years (sd 13.4). The mean 

age of onset was 29.9 year (sd 11.0). Table 1 provides an overview of the 

demographic characteristics for the entire group as well as by any cannabis use. 

The distribution of cannabis use, abuse and dependence within the group of 

cannabis users, assessed at baseline and after 3, 6 and 12 months, is presented in 

Table 2. 

 

Table 1. Baseline demographic characteristics of the complete group of 3426 patients, 

stratified by any cannabis use.    

 Complete  

group 

Cannabis 

non-users 

Cannabis 

users 

Number of patients (%) 3426 (100%) 2990 (87.3%) 436 (12.7%) 

Age (mean, sd) 44.6 (13.4) 46.2 (13.1) 33.8 (9.7) 

Age of onset (mean, sd) 29.9 (11.0) 30.8 (11.3) 24.1 (6.8) 

Male (%) 44.6 % 41.2 % 67.8 % 

Inpatient status (%) 39.2 % 36.8 % 56.1 % 
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Clinical treatment outcomes  

Baseline and 3, 6 and 12-month clinical treatment outcome measures are shown in 

Table 3. Cannabis users demonstrated higher scores on the CGI-BP overall illness. 

In the multilevel random regression analysis, there was a significant association 

between any cannabis use and baseline-corrected CGI-BP overall illness over 1 

year follow-up (B=0.13, CI: 0.04, 0.22; P=0.004). This association was not mediated 

by any of the third variables. Thus, after including the individual third variables 

into the model, the association between any cannabis use and a higher CGI-BP 

overall illness score persisted.  

 

Table 2. Type of cannabis use within the group of cannabis users (n=436) over a period of 

15 months.  

 Baseline 3 months 6 months 12 months 

No cannabis use 11.3 % 52.1 % 56.6 % 61.8 % 

Cannabis use 54.4 % 37.0 % 28.6 % 27.5 % 

Cannabis abuse 27.5 % 9.6 % 12.8 % 10.1 % 

Cannabis dependence 6.8 % 1.3 % 2.0 % 0.6 % 

 

Clinical treatment outcomes  

Baseline and 3, 6 and 12-month clinical treatment outcome measures are shown in 

Table 3. Cannabis users demonstrated higher scores on the CGI-BP overall illness. 

In the multilevel random regression analysis, there was a significant association 

between any cannabis use and baseline-corrected CGI-BP overall illness over 1 

year follow-up (B = 0.13, CI: 0.04, 0.22; P=0.004). This association was not 

mediated by any of the third variables. Thus, after including the individual third 

variables into the model, the association between any cannabis use and a higher 

CGI-BP overall illness score persisted.  

 The multilevel random regression analyses revealed a significant 

association between any cannabis use and the CGI-BP mania score (B = 0.15, CI: 

0.06, 0.24; P=0.001). This association was also not mediated by any of the third 

variables. Higher scores on the CGI hallucinations / delusions were also associated 

with any cannabis use (B=0.11, CI; 0.03, 0.19; P=0.006), which was not mediated 

by any of the third variables.  

Any cannabis use was associated with less treatment compliance 

(OR=1.38, CI: 1.12, 1.72; P=0.003), which was mediated by the use of other 

substances; that is, the association between any cannabis use and treatment 

compliance did not persist when other substance use was included in the model,  
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Table 3 (continued on next page). Baseline and 12-month clinical treatment outcome measures of the complete group of patients stratified by any 

cannabis use.  

 Complete group Cannabis non-users† Cannabis users‡ 

 CGI-BP overall illness  

(mean, sd) 

Baseline (n=3370) 4.7 (1.0) 4.6 (1.0) 4.8 (1.1) 

3 months (n=2721) 2.7 (1.3) 2.6 (1.3) 2.8 (1.4) 

6 months (n=1861) 2.4 (1.4) 2.4 (1.4) 2.7 (1.6) 

12 months (n=1700) 2.3 (1.4) 2.3 (1.4) 2.4 (1.4) 

 

CGI-BP mania  

(mean, sd) 

Baseline (n=3410) 4.8 (1.0) 4.7 (1.0) 5.0 (1.0) 

3 months (n=2730) 2.2 (1.2) 2.2 (1.2) 2.3 (1.4) 

6 months (n=1874) 1.9 (1.2) 1.9 (1.2) 2.1 (1.4) 

12 months (n=1707) 1.9 (1.3) 1.9 (1.2) 2.0 (1.3) 

 

CGI-BP hallucinations / 

delusions  

(mean, sd) 

Baseline (n=3444) 3.0 (1.8) 2.9 (1.8) 3.5 (1.8) 

3 months (n=2731) 1.5 (1.0) 1.5 (1.0) 1.7 (1.2) 

6 months (n=1878) 1.4 (0.9) 1.4 (0.9) 1.7 (1.2) 

12 months (n=1708) 1.4 (0.9) 1.4 (0.9) 1.6 (1.1) 

 

CGI-BP depression  

(mean, sd) 

Baseline (n=3357) 1.9 (1.2) 1.9 (1.2) 1.8 (1.2) 

3 months (n=2709) 1.8 (1.1) 1.8 (1.1) 1.7 (1.1) 

6 months (n=1855) 1.7 (1.1) 1.7 (1.1) 1.8 (1.2) 

12 months (n=1689) 1.7 (1.0) 1.7 (1.0) 1.7 (1.0) 
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Table 3 (continued from previous page). Baseline and 12-month clinical treatment outcome measures of the complete group of patients stratified by 

any cannabis use.  

  Complete  

group 

Cannabis 

non-users† 

Cannabis  

users‡ 

Alcohol use current*  

(%) 

Baseline (n=3285) 42.8 % 37.2 % 80.3 % 

3 months (n=2731) 27.1 % 23.3 % 58.3 % 

6 months (n=1879) 25.8 % 22.3 % 54.2 % 

12 months (n=1712) 27.0 % 23.7 % 55.6 % 

 

Other substance use 

current*  

(%) 

Baseline (n=3383) 6.5 % 2.6 % 34.3 % 

3 months (n=2732) 3.1 % 1.5 % 16.1 % 

6 months (n=1878) 1.9 % 0.8 % 10.9 % 

12 months (n=1712) 1.9 % 0.9 % 10.1 % 

 

Inpatient  

(%) 

Baseline (n=3417) 39.2 % 36.8 % 56.1 % 

3 months (n=2731) 8.4 % 7.6 % 14.8 % 

6 months (n=1866) 5.6 % 5.2 % 8.9 % 

12 months (n=1700) 4.4 % 3.9 % 9.0 % 

Only patients without missing values on relevant variables were included in the individual analyses. * Percentage is the sum of use, abuse and 

dependence. † n=2990; ‡ n=436. 
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Table 4 (continued on next page). Baseline and 12-month social treatment outcome measures of the complete group of patients, stratified by any 

cannabis use.    

 Complete  

group 

Cannabis  

non-users 

Cannabis  

users 

Independent living 

situation  

(%) 

Baseline (n=3425) 58.0 % 59.3 % 49.5 % 

3 months (n=2728) 58.6 % 59.6 % 50.8 % 

6 months (n=1876) 61.5 % 62.0 % 56.7 % 

12 months (n=1710) 62.2 % 62.2 % 62.4 % 

 

Current relationship  

(%) 

Baseline (n=3425) 59.3 % 61.5 % 44.6 % 

3 months (n=2733) 59.9 % 61.6 % 46.4 % 

6 months (n=1879) 61.1 % 62.4 % 50.7 % 

12 months (n=1710) 62.9 % 63.9 % 54.5 % 

 

Severe work impairment 

or unable to work  

(%) 

Baseline (n=3389) 38.2 % 36.4 % 50.9 % 

3 months (n=2681) 25.0 % 24.0 % 33.3 % 

6 months (n=1875) 22.8 % 21.4 % 34.5 % 

12 months (n=1710) 22.0 % 21.3 % 27.7 % 

 

No social activities  

(%) 

Baseline (n=3415) 19.9 % 20.5 % 16.1 % 

3 months (n=2719) 13.5 % 14.0 % 9.6 % 

6 months (n=1871) 11.6 % 11.9 % 9.4 % 

12 months (n=1702) 8.7 % 9.1 % 5.1 % 
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Table 4 (continued from previous page). Baseline and 12-month social treatment outcome measures of the complete group of patients, stratified by 

any cannabis use.    

  Complete  

group 

Cannabis  

non-users 

Cannabis  

users 

(Very) dissatisfied with life 

(%) 

Baseline (n=3415) 40.5 % 39.7 % 45.6 % 

3 months (n=2723) 21.8 % 21.0 % 27.7 % 

 6 months (n=1878) 16.7 % 16.5 % 23.6 % 

 12 months (n=1710) 

 

15.2 % 14.3 % 22.4 % 

Number of dependents to 

care for (mean, sd) 

Baseline (n=3384) 0.7 (1.0) 0.7 (1.0) 0.4 (0.8) 

3 months (n=2605) 0.7 (1.0) 0.7 (1.0) 0.3 (0.8) 

 6 months (n=1787) 0.6 (1.0) 0.6 (1.0) 0.4 (0.8) 

12 months (n=1612) 0.6 (1.0) 0.7 (1.0) 0.4 (0.9) 

Only patients without missing values on relevant variables were included in the individual analyses. 
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whereas the association between compliance and other substance use did 

(OR=1.36, CI: 1.04, 1.78; P=0.025). 

 Patients who used cannabis demonstrated more alcohol 

use/abuse/dependence (B=0.10, CI: 0.07, 0.13; P<0.001), and more 

use/abuse/dependence of substances other than cannabis and alcohol (B=0.11, CI: 

0.09, 0.13; P<0.001). None of the other variables examined mediated these 

associations. No significant association was found between any cannabis use and 

the CGI-BP depression score. 

For all significant associations between any cannabis use and clinical outcome 

variables, the interaction between any cannabis use and completer status was 

assessed. This interaction was statistically significant when included in the 

compliance model, indicating a stronger association between any cannabis use 

and less compliance for patients who completed the study, compared those who 

discontinued after the acute phase (i.e., 3 months). The other demonstrated 

associations were not moderated by completer status. 

 

Social treatment outcomes 

Baseline and 3, 6 and 12-month social treatment outcome measures are shown in 

Table 4. Patients with any cannabis use were more likely to not have a 

relationship (OR=1.64, CI: 1.13, 2.38; P=0.009) during one year of treatment. This 

association was not mediated by any of the seven hypothesized mediator variables, 

as the association between any cannabis use and not having a relationship 

persisted after including the variables in the model.   

 Any cannabis use was associated with engaging in more social activities 

(B = -0.19, CI: -0.35, -0.03; P=0.023). This association was strongly mediated by age, 

age of onset and alcohol abuse, as the association between cannabis use and the 

number of social activities did not persist when these individual variables were 

included in the separate models, whereas the association between social activities 

and the individual variables did (age: B=0.01, CI: 0.01, 0.01; P<0.001; age of onset: 

B=0.01, CI: 0.00, 0.01; P=0.023; alcohol abuse: B= -0.12, CI: -0.23, -0.01; P=0.031; Fig 

1).  

 Patients with any cannabis use experienced less satisfaction in life 

(B=0.14, CI: 0.05, 0.24; P=0.003) compared to non-users. This association was 

mediated by the use of other substances, as the association between any cannabis 

use and satisfaction with life did not persist when other substance use was 
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included in the model, whereas the association between satisfaction with life and 

other substance use did (B=0.17, CI: 0.04, 0.29; P=0.007).  

There was no significant association between any cannabis use and independent 

living, the number of dependents to care for and the extent of work impairment. 

For all significant associations between any cannabis use and social outcome 

variables, the interaction between any cannabis use and completer status was 

assessed. None of the interactions were large or statistically significant, indicating 

that the demonstrated associations were not moderated by completer status.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Mediating effects of six variables on the association between any cannabis use 

and number of activities engaged in (higher is worse). 

Changes in effect size of the association between cannabis and social activities (B=-.19) were 

expressed as percentage change. ‘Activities’ is scored as ‘1=5 or more activities to 5=0 

activities’, thus higher is worse. *These variables strongly mediated the association. 

 

Discussion 

Little research has been directed towards associations between cannabis use and 

specific treatment outcomes exceeding a 12-week treatment period in a 

population of patients with BD. Although the observational study design did not 

allow us to determine the degree of causality underlying associations between 

cannabis exposure and treatment outcome, the results are indicative of an 

unfavourable association between cannabis use and BD symptoms in the long 

term. Cannabis users demonstrated more severe overall BD illness, mania and 
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psychosis symptoms during 1 year of treatment. Use and abuse of both alcohol 

and other substances were significantly higher in those who used cannabis. Less 

compliance was demonstrated for cannabis users. Social outcomes were found to 

be moderately affected by any cannabis use, as users engaged in more social 

activities, but had a higher probability of not having a relationship and 

experienced less satisfaction with life. A set of variables (including abuse of 

alcohol and substances other than alcohol and cannabis) was found to exert a 

limited influence on some associations between any cannabis use on the one hand 

and psychopathological and social outcomes on the other. No associations 

between cannabis use and depressive symptoms as well as various other social 

outcome measures could be demonstrated. 

 The suggested association between cannabis use and severity of mania 

symptoms in the current study is interesting in light of reports from other areas 

of research. Henquet and colleagues
13

 recently reported that cannabis use 

increases the risk for onset of manic symptoms in the general population, 

independent of any association with psychosis. Earlier, Goldberg and co-workers
14

 

found that cannabis users were less likely to remit from acute mania, whereas 

Strakowski et al.
15

 reported on a positive association between duration of cannabis 

use and duration of manic episodes. In addition to the increased risk of cannabis 

use for the onset of mania symptoms
13

, our findings indicate that cannabis use is 

also associated with severity and persistence of mania symptoms. However, 

divergent study populations, selection criteria and confounding variables 

employed in these studies prevent grounded assumptions of the underlying 

mechanism. 

 The association between cannabis use and more severe psychosis 

symptoms within a BD population aligns with earlier findings within patient 

population with psychotic disorders
2,3

 as well as the general population
16-19

. Recent 

reports have indicated a bi-directional causal relationship between cannabis use 

and psychotic symptoms in the general population
20

, possibly caused by genes 

that influence the sensitivity to the psychosis-increasing effects of cannabis 

whereas other genes may additionally influence the probability that these 

individuals will start using cannabis in the first place
21

. Future research should 

apply these suggestions of causality and the interaction between cannabis and 

genetic vulnerability to the unexplored territory of bipolar disorder. This is 

especially interesting in light of findings in alcohol research in bipolar patient 



 

 

P
ag

e 
1

0
3

 
 

 
  

  
  

C
h

ap
te

r 
5
 

populations, where the sequence of alcohol abuse versus illness onset was found 

to influence outcome differentially
6
.  

The finding that severity of depressive symptoms did not differ between 

cannabis users and non-users was somewhat surprising, as Strakowski and 

colleagues
6
 demonstrated a correlation between cannabis use and depressive 

symptoms during 5 year of treatment. However, the investigated patient 

population entered the current study while experiencing a manic or mixed 

episode, which may have biased the results regarding associations with depressive 

symptoms and reduced the generalisability to some extent. Even though little 

research has yet been conducted towards an association between cannabis use and 

bipolar depression, associations with major depressive disorder (MDD) have been 

studied extensively. Rey and Tennant
22

 and Degenhardt and co-workers
5
 

concluded their reviews stating that cannabis use increases risk for depression, 

which was partly explained by confounding variables. However, BD is a far more 

complex disease with extensive and more diverse symptom clusters, including a 

high prevalence of psychotic symptoms, which prevents a simple extrapolation 

from cannabis-MDD associations to the depressive symptoms within BD.  

 The association between cannabis use and more frequent abuse of 

alcohol and other substances was not surprising, as it supports findings in the 

general population
23

 as well as in the BD population
15,24

. Substance abuse in 

patients with BD has been studied extensively (substance abuse in general and 

alcohol abuse in particular). Worse clinical outcome is consistently observed for 

substance abusers
15

, and substance use in general was found to be associated with 

a slower rate of symptom improvement
25

. Additionally, an association between 

medication non-compliance and substance abuse in general has been reported in 

the literature
7
, which is in agreement with our finding that the association 

between treatment compliance and cannabis use was mediated by other substance 

use. This, in combination with the finding that the association between cannabis 

use and satisfaction with life was also mediated by substance use, justifies a 

prioritised position of both cannabis and other substance use in diagnosing and 

treating patients with BD.   

 

Social outcomes 

The modest influence that cannabis was found to have on social circumstances 

during 1 year of treatment could be explained by the suggestion that cannabis 

users may be socially more competent compared to non-users, which may be a 
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prerequisite for obtaining cannabis in the first place
26

. Socially less competent 

psychiatric patients were reported to be prone to alcohol abuse, which is obtained 

more easily. However, this finding was based on data from schizophrenic, 

schizophreniform and schizoaffective disorder patients, and further research is 

required to determine whether this suggestion can be extrapolated to patients 

with BD. Another explanation for the lack of effect on social outcome is the 

relatively low level of cannabis dependency in our sample (Table 2). The effect of 

cannabis abuse or dependence on social outcome measures may be more 

pronounced when studied in a population of heavy users. 

 

Mediation 

With the exception of other substance use mediating cannabis-compliance and 

cannabis-life satisfaction associations, the effects of mediating variables were 

found to be limited. Most associations between cannabis use and both clinical and 

social treatment outcomes remained significant when these variables were 

included into the models. Thus, with the exception of other substance use, there 

was no pattern of influence in mediating effects that requires specific attention in 

daily practice. Overall, our findings appear to be similar to the reports in the area 

of schizophrenia research, where a persistent negative effect of cannabis on 

outcome measures was reported, while controlling for drug use other than 

cannabis
2,27

.  

 

Methodological issues 

Several limitations should be taken into account when interpreting these results. 

First, the size and observational nature of the study forced us to use reliable but 

simple scales to measure cannabis use, abuse and dependence, which could easily 

be completed during daily practice. The non-validated nature of this scale might 

have hampered the distinction between use, abuse and dependence of cannabis. 

In contrast, the distinction ‘no use’ versus ‘use/abuse/dependence’ employed in 

the current analyses is more straightforward to distinguish and has ample face 

validity. However, as the assessment of substance abuse was based on the 

clinicians’ knowledge and judgment, taking into account the information reported 

by the patients, we cannot rule out underreporting due to stigmatisation of drug 

abuse. Contradicting results have been reported regarding the reliability of self-

report of substance use compared to urine tests and collateral sources
28-30

. As none 

of these methods is definitive, the combined use of self-report and urine drug 
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screens would be preferable. However, the observational nature of the current 

study prevented the use of an invasive urine drug screen.  

Second, our study design made it impossible to explore causality of the 

demonstrated associations between cannabis and outcome measures and/or of the 

mediators thereof. We cannot determine whether cannabis and its mediators are 

the cause or the result of worse clinical outcomes, or whether common 

demographical or biological factors increase vulnerability for both. However, 

knowledge on the existence of the demonstrated associations should increase 

awareness of the importance of a thorough diagnosis and broad treatment 

strategy for BD patients with comorbid cannabis use. 

 

Conclusion 

An impact of cannabis use on psychopathological outcomes in patients with BD 

was apparent, whereas the impact on social outcomes was modest. Substance use 

in general was found to have a negative impact on treatment outcome, however, 

various outcomes were specifically impacted by the use of cannabis. 

Understanding the direct and, in particular, the indirect pathways from cannabis 

use to outcome may offer valuable insight into treatment strategies in bipolar 

illness. 
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Abstract 

Introduction. It has been suggested that dopamine dysfunction may play a role in 

bipolar disorder (BD). An indirect approach to examine this issue was developed, 

focusing on associations between dopamine proximity measures observed in BD 

(dopamine-related clinical traits using tardive movement syndromes as dopamine 

proxy measure of reference).  

Methods. 3459 eligible bipolar patients were enrolled in an observational study. 

Incidence rates of tardive movement syndromes (Tardive Dyskinesia and Tardive 

Dystonia; TDD) were examined. A priori hypothesized associations between 

incident TDD and other dopamine proxies (e.g., prolactin-related adverse effects, 

bipolar symptoms) were tested over a 2 year follow-up period.  

Results. The incidence rate of tardive syndromes was 4.1 %. Incident TDD was 

not only independently associated with use of antipsychotics, but also with more 

severe bipolar symptoms, other extrapyramidal symptoms and prolactin-related 

adverse effects of medication. 

Conclusion. Apart from the well-known association with antipsychotics, 

development of TDD was associated with various other dopamine proxy 

measures, indirectly supporting the notion of generalised dopamine dysregulation 

in BD.  
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Introduction 

Extrapyramidal symptoms (EPS) in general and tardive dyskinesia (TD) in 

particular have been extensively studied in schizophrenia. Even though a number 

of studies suggest that bipolar patients experience higher rates of EPS 

(parkinsonism, dystonia and akathisia) and TD compared to patients with a 

diagnosis of schizophrenia
1,2

, research within the bipolar disorder (BD) population 

has been limited.  

 Berk and colleagues
3
, reviewing converging data on the role of dopamine 

(DA) in bipolar disorder, recently postulated the Dopamine Dysregulation 

Syndrome, based on a consilience approach using research from a diversity of 

domains, including preclinical, genetic, neuroimaging, pharmacological and 

clinical research. The model proposes a cyclical dysregulation in quantitative DA 

transmission in BD, the manic phase being associated with an increase in DA 

transmission. Secondary down regulation of key elements and pre- as well as post-

synaptic receptors may subsequently decrease DA transmission, dampening the 

cycle. A substantial reduction in DA transmission is hypothesized to characterize 

the depressive phase, which may be alleviated by secondary up-regulation of the 

same key elements. Up and down regulation may be mediated by endogenous 

homeostatic mechanisms; individual vulnerabilities exist to the hyper- and 

hypodopaminergic state, explaining the large inter-individual variability in illness 

course
3
. 

 While of major interest, hypotheses about alterations in DA function in 

severe mental illness are difficult to examine directly. It has been suggested, 

therefore, that alterations in DA function in severe mental illness (i.e., illness 

liabilities affecting various aspects of dopamine signaling, separate from effects 

occasioned by antipsychotic medications) may be explored using clinical variables 

serving as proximity measures (i.e., indirect measures) for DA neurotransmission 

in different DA tracts. These may include, for example, presence of (i) prolactin-

related adverse effects as a proxy for alterations in the tuberoinfundibular tract
4
, 

ii) TD and EPS as proxies for alterations in the nigrostriatal DA tract
5
, whereas (iii) 

psychotic
5,6

, manic
7
 and depressive

8
 symptoms may reflect altered mesolimbic DA 

neurotransmission. Using these proxy measures in a prospective study of 

schizophrenia patients, Tenback and colleagues showed associations between 

incidence of TD on the one hand and occurrence of EPS
9
, prolactin-related adverse 

effects
4
 and worsening of psychotic symptoms

6
 on the other, suggesting general 

DA dysregulation across the different DA tracts in schizophrenia.  
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The Dopamine Dysregulation Syndrome for BD, as suggested by Berk and 

colleagues
3
, is currently limited to DA functioning in the mesolimbic tract, 

focusing on mania and depression. Similar to schizophrenia, associations between 

the proxies representing alterations in the different DA tracts may be 

hypothesized for bipolar disorder as well. In order to validate this hypothesis, DA 

dysfunction was examined in a sample of patients with bipolar disorder, using the 

proxy measures defined by Tenback et al
4,6

. In line with Tenback and colleagues
4,6

, 

tardive movement syndromes formed the reference outcome for the analyses. 

Incidence rates of tardive extrapyramidal syndromes were calculated, and 

associations between these syndromes and proxy measures for alterations in other 

DA tracts were examined.  

 

Methods 

Data from the EMBLEM study was utilized for the current analyses. The study 

design is described in Chapter 1 as well as previous reports
10,11

. In short, the 

EMBLEM is a large European prospective observational study, studying patients 

with a change in pharmacological treatment for acute mania. For the current 

analyses, data from both the acute phase (assessments as baseline and after 1, 2, 3, 

6 and 12 weeks) as the maintenance phase (6, 12, 18 and 24 months) were 

employed. 

 

Measures: extrapyramidal symptoms 

Investigators were requested to assess presence and severity of parkinsonism, 

akathisia, dystonia and TD that they judged to be associated with medications 

used to treat bipolar disorder. This assessment was based on the investigator‟s 

clinical experience and judgment and rated as follows: 0=not present; 1=present, 

but does not significantly interfere with patient‟s functioning; 2=present, and 

significantly interferes with patient‟s functioning. Guided by previous analyses 

using these measures
4
, movement disorder variables were analyzed as 

dichotomous indicators (0=not present versus 1=present; the latter combining 

scores of „1‟ and „2‟). These assessments were performed at baseline and all 

subsequent visits.  

 The scales used to measure extrapyramidal symptoms were simple and 

did not include instructions on or specific anchors for differential diagnosis. 

Therefore, in order to avoid diagnostic misclassification, only persistent dystonia 

and TD were used in the current analyses. Using the persistence measure ensured 
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differentiation from the acute syndromes, as, for example, acute dystonia would 

be unlikely to persist over two subsequent visits whereas tardive dystonia would. 

Persistence was defined as the presence of the individual syndromes over at least 

2 consecutive visits. Thus, the variable “persistent dystonia” was rated as follows: 

0=no or acute/incidental dystonia; 1=persistent dystonia. Similarly, “persistent 

TD” was rated as 0=no or incidental TD; 1=persistent TD. Persistent TD and 

persistent dystonia were analyzed together as a single group (hereafter tardive 

dyskinesia and/or dystonia, „TDD‟: 0=no persistent TD or persistent dystonia 

present, 1=persistent TD and/or persistent dystonia present). The rational for 

combining TD and dystonia comes from (i) their strong association
12,13

, (ii) shared 

risk factors and mechanisms
14,15

 and (iii) the fact that existing scales measuring 

tardive syndromes do not differentiate between TD and tardive dystonia
16,17

. 

Parkinsonism and akathisia were also compiled into a single variable, hereafter 

named EPS (0=neither parkinsonism nor akathisia present, 1= parkinsonism 

and/or akathisia present).  

 

Analyses 

Incidence of TDD 

Incidence rates of TDD were determined by allocating each patient person-time 

for the TDD outcome according to the interval from baseline to the visit in which 

a patient was diagnosed with TDD. If no such diagnosis was made, the interval 

covered baseline to the final visit of each patient. Nine time bands were 

constructed (baseline – week 1; week 1 – week 2; week 2 – week 3; week 3 – 6 

weeks; 6 weeks – 3 months; 3 months – 6 months; 6 months – 12 months; 12 

months – 18 months; 18 months – 24 months). The incidence of TDD was 

calculated by dividing the total number of incident cases of TDD by the total 

person-years. The same procedures were followed for calculating separate 

incidence rates for tardive dystonia and TD. All analyses were conducted in the 

risk set of patients free of TDD at baseline. 

  

Associations between clinical factors and incident TDD 

Cox proportional hazard regression was used to assess survival time without TDD 

associated with various time-varying clinical variables. The following clinical 

measures were used as proxies for DA dysregulation: 

(i) Psychotic and manic symptoms may be associated with high DA transmission 

in the mesolimbic pathway
5,7

. Depression may be associated with lower DA 
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transmission in the same tract, even though different receptor classes or sub-

regions may be involved
5,8

. In the current analyses, the CGI-BP severity of mania, 

CGI Hallucinations/delusions and CGI-BP depression were regarded as proxy 

measures for altered DA transmission within the mesolimbic DA tract. In 

addition, the CGI-BP overall illness was used as an overall measure of 

dysregulation in this tract. All CGI scores were rated for severity on a seven-point 

scale
18

 and assessed at each visit including baseline.  

(ii) Both amenorrhea and sexual dysfunction are suggested to be associated with 

elevated prolactin levels induced by low DA transmission
19,20

 originating in the 

tuberoinfundibular DA tract. This link is likely stronger for amenorrhea, as sexual 

disturbances in patients with schizophrenia are of multifactorial origin, and are 

therefore only in part attributable to illness- or medication-related prolactin 

levels
19,20

. Presence of amenorrhea and sexual dysfunction were used as proxy 

measures for altered DA transmission in the tuberoinfundibular tract (both 

defined as 0=not present; 1=present; measured at each visit). 

(iii) Extrapyramidal symptoms, including TD, have been hypothesized to reflect 

low DA transmission in the nigrostriatal DA tract in the brain
5
. Research indicates 

that EPS (defined as parkinsonism, akathisia and acute dystonia) represents a 

vulnerability to develop tardive movement disorders, in particular tardive 

dyskinesia, in patients with schizophrenia
9
. Therefore, presence of EPS as a proxy 

measure for dysfunctional DA transmission in the nigrostriatal tract, was 

investigated for association with incident TDD.  

(iv) Use of antipsychotics (APs) is known to affect dopamine transmission
21

 and, 

in addition, is strongly associated with TD
5
. Use of AP was assessed at each visit 

and included in the analyses (0=no AP use, 1=first generation antipsychotic (FGA), 

2=second generation antipsychotic (SGA)).  

 The four clusters of proxy measures for DA dysfunction (bipolar 

symptoms, prolactin-related adverse effects, EPS and use of antipsychotics) were 

individually included as independent variables in the Cox models in order to 

determine associations with incident TDD. Finally, all variables were entered 

simultaneously in the model in order to determine which associations persisted 

independently of other factors. Effect sizes were expressed as Hazard Ratio‟s (HR) 

and 95% confidence intervals. The two-sided significance level was 5%.  
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Adjustment by propensity score  

Analyses were performed with and without confounders (adjusted and unadjusted 

analyses, respectively). For each analysis, all patients with non-missing values on 

the dependent and independent variables were included, as well as on all 

confounding variables in case of adjusted analyses. Confounders were based on a 

review of the literature within patient populations diagnosed with bipolar 

disorder, schizophrenia or psychotic disorders in general. The following 

confounders were introduced in the Cox regression models: social economic status 

(SES, expressed as educational achievement; 1=no education, 2=primary school, 

3=secondary school lower, 4=secondary school upper, 5=post-secondary vocational 

training, 6=university), country, compliance (0=no medication prescribed or 

always complies; 1=never complies or about 50% of the time), age per decade
22,23

, 

age of onset in years
24

, gender
23,25

 and duration of illness in years
26

. As a decrease 

in TDD incidence over time was anticipated, analyses were also adjusted for visit 

number. 

 It is common practice to increase the dosages of antipsychotics or lithium 

in response to increased symptom severity. It is widely accepted that 

antipsychotic use and lithium in itself are associated with an increased risk for 

developing movement disorders and other adverse effects
5

. As a result, 

associations between higher symptom severity or the presence of adverse effects 

with a higher incidence of TDD may represent a confounding effect of AP or 

lithium use or dose burden. Therefore, multiple treatment-related variables were 

included as confounders in order to eliminate spurious results for dopamine 

abnormalities related to the (changes in) use of antipsychotics and lithium, except 

when testing associations between TDD and the use of antipsychotics. The 

following treatment-related time-varying variables were included as confounders: 

(i) use of APs (dichotomous variable: 0=no use of AP, 1=use of FGA and/or SGA); 

(ii) dichotomous variables indicating use (0=no use, 1=use) of the following 

individual treatments; amisulpride, clozapine, haloperidol, olanzapine, quetiapine, 

risperidone, ziprazidone, other AP or lithium (iii) dose of treatment used, 

expressed as dose equivalents; (iv) change in dose of treatment with respect to the 

previous visit, expressed as dose equivalents. In addition, change in CGI-BP 

Overall illness score relative to the previous visit was included as confounder, 

except when testing for an association between the CGI-BP Overall illness and 

incident TDD. 
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As many confounding variables were included in the models, traditional control 

for confounding by inclusion of covariates in the model may not be sufficient, as 

the degree of „control‟ afforded by such models depends on the overlap in 

characteristics between the two outcome groups. The use of the propensity score 

has been suggested as a means to obtain more complete control in these 

circumstances
27

. The propensity score for an individual, defined as the conditional 

probability of (in this case) developing TDD given the individual‟s covariates, can 

be used to balance the covariates in observational studies, and thereby to reduce 

bias
28

. In other words, by using propensity scores, a collection of covariates is 

replaced by a single covariate, being a function of the original ones, while 

minimizing the loss of degrees of freedom. As the propensity score model could 

not create sufficient balance between the groups due to the variable „haloperidol‟, 

haloperidol was not included in the propensity score model and was adjusted for 

separately in the model, together with the dependent variable, the independent 

variable under investigation and the propensity score representing the other 

specified confounders. 

 Not all countries participated in the maintenance phase of the study (12 

weeks onwards), resulting in a decrease in sample size after the 12 weeks 

(Switzerland, Denmark, Germany and Spain only participated in the acute phase). 

Apart from the decrease in overall sample size, the samples for the individual 

analyses varied somewhat on the basis of the availability of complete data for 

variables included in the separate models. All analyses were performed using the 

computer package STATA, version 10.0
29

. 

 

TDD validity: sensitivity analyses 

Sensitivity analyses were conducted using a stricter criterion for incidence in 

order to exclude any possibility of bias due to carry-over from influences 

occasioned by factors acting during the period before baseline. To this end, a 

stricter risk set was defined as the sample of patients free from dystonia or TD at 

baseline as well as at visit 2 (one week post-baseline). Therefore, first occurrence 

of any incident tardive syndrome could occur at visit 3 (two weeks post-baseline), 

while for the purpose of the current analyses incidence could first occur at visit 4, 

due to the requirement of persistence of symptoms for at least 2 consecutive 

visits. Consequently, misclassification of the acute form of dystonia, which 

usually has an onset within 5 days of new antipsychotic treatment
30

, could be 

ruled out with even more confidence.  
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Results 

Sample description 

A total of 3459 subjects participated in the EMBLEM study and fulfilled the CGI-

BP eligibility criteria (CGI-BP mania 3). 355 Patients were excluded from the 

analyses, either due to missing baseline ratings of dystonia and/or TD, or due to 

presence of dystonia and/or TD at baseline. Of the remaining 3104 patients, 43.5% 

were male and the mean age was 44.5 years (sd 13.4). The mean age of onset was 

29.9 years (sd 11.1). Table 1 provides an overview of the baseline clinical 

characteristics of the patient sample. As a frame of reference, the medication used 

at enrollment, as well as the medication prescribed at baseline are presented in 

Table 2. More than half of the patients did not use any antipsychotic medication 

at enrollment, while 30% used antidepressants at that time. Second generation 

APs were prescribed most frequently at the baseline visit, followed by 

anticonvulsants.  

 

Incidence rate 

The TDD incidence was calculated by dividing the total number of incident cases 

of TDD by the total person-years. Over two years of treatment, the sample 

contributed 3163 patient years, while there were 129 new cases of TDD, yielding 

an incidence rate of 4.1% (95% CI: 3.4, 4.8). The separate incidence rates for TD 

and Tardive Dystonia were 1.0% (95% CI: 0.7, 1.4) and 3.3% (95% CI: 2.7, 4.0) 

respectively. Overall, incidence rates decreased with time, as illustrated by Table 

3, where incidence rates are provided per time band.  

  

Table 1. Baseline clinical characteristics of the complete sample (n=3104). 

Inpatient status (%) 40.0% 

Rapid cycling (episodes per year 4; %) 17.2% 

CGI-BP overall illness (mean, sd) 4.7 (1.0) 

CGI-BP mania (mean, sd) 4.8 (1.0) 

CGI hallucinations/delusions (mean, sd) 2.9 (1.8) 

CGI-BP depression (mean, sd) 1.8 (1.2) 

 

Associations between tardive dystonia and TD 

In order to examine the validity of combining the tardive dystonia and TD 

variables into a combined outcome, associations between these tardive movement 

disorders were calculated using Cox analyses. The probability of incident tardive 

dystonia in the presence of TD was high (HR=9.56, 95% CI=6.02, 15.18; P<.001), 
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while the probability of incident TD in the presence of tardive dystonia was even 

higher (HR=22.25, 95% CI=9.20, 53.85; P<.001). 

 

Table 2. Medications at presentation and prescribed on baseline visit for the complete 

sample (n=3104). 

 At presentation on  

baseline visit 

Prescribed at  

baseline visit† 

No AP (%) 53.2% 11.1% 

FGA (%) 25.4% 11.5% 

SGA (%) 15.4% 65.3% 

Combination of FGA and SGA (%) 6.0% 12.1% 

Lithium (%) 18.8% 25.1% 

Anticonvulsants (%) 29.9% 49.1% 

Antidepressants (%) 30.0% 15.6% 

Anticholinergics (%) * 8.8% 

AP=antipsychotic; FGA=first generation antipsychotic; SGA=second generation 

antipsychotic; *not assessed; †all patients were prescribed a new treatment at baseline; 

medication use is extensive in this population, therefore not all used medication is included 

in this table (e.g. benzodiazepines). 

 

Associations between clinical factors and incident TDD  

Table 4 provides associations between incident TDD and hypothesized 

dichotomous variables; presence of sexual dysfunction, amenorrhea and EPS were 

found to be associated with incident TDD. Additionally, compared with no AP 

use, both FGAs and SGAs showed a stronger association with TDD. Associations 

between incident TDD and hypothesized bipolar symptom severity are presented 

in Table 5. Higher symptom severity was consistently found to be associated with 

incident TDD.  

 

Independence of associations with incident TDD 

In order to test the degree of independence of the different associations between 

TDD and the various DA-proxies, a model was examined with all predictors 

included together. This revealed that the CGI-BP Hallucinations/delusions (HR per 

CGI point=1.13, 95% CI: 1.01, 1.28; P=.041), sexual dysfunction (HR=1.47, 95% CI: 

1.12, 1.93; P=.006) and presence of EPS (HR=13.33, 95% CI: 5.01, 35.50; P<.001) 

were associated with incident TDD independent of other factors. 
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Table 3. Incidence of tardive dystonia, tardive dyskinesia and TDD for each time band (n=3104). 

 Tardive dystonia TD TDD 

 N Person-years Incidence 

Rate 

N Person-years Incidence 

Rate 

N
a

 Person-years Incidence 

Rate 

Visit 3 (week 2) 37 114 32.6% 7 114 6.2% 41 114 36.1% 

Visit 4 (week 3) 23 56 40,7% 4 57 7.0% 25 56 44.3% 

Visit 5 (week 6) 15 141 10.6% 2 144 1.4% 17 141 12.0% 

Visit 6 (month 3) 12 287 4.2% 4 293 1.4% 15 286 5.2% 

Visit 7 (month 6) 5 440 1.1% 4 454 0.9% 8 439 1.8% 

Visit 8 (month 12) 6 753 0.8% 5 776 0.6% 10 750 1.3% 

Visit 9 (month 18) 2 721 0.3% 1 746 0.1% 3 716 0.4% 

Visit 10 (month 24) 5 666 0.8% 6 688 0.9% 10 661 1.5% 

The time band between visit 1 and 2 was not included, due to the definition of persistence (presence of symptoms for at least  2 consecutive visits). 
a

As 

some patients may present with both tardive dystonia and TD, n for TDD may be lower than the sum of n for tardive dystonia and TD.
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Table 4. Associations between incident TDD and various dichotomous clinical factors during a period of 2 years (n=3104). 

 TDD rate exposed  TDD rate non-exposed    

 

 

 

N Person- 

years
a

 

Rate  

(%) 

N Person- 

years 

Rate 

(%) 

HR adjusted  

(95% CI) 

HR unadjusted  

(95% CI) 

Sensitivity analyses 

(HR adjusted)  

95% CI)
b

 

Sexual dysfunction 44 505 8.7 84 2637 3.2 2.68 (1.72, 4.16)* 2.72 (2.20, 3.37)* 2.61 (1.56, 4.39)* 

Amenorrhea 11 126 8.7 107 2810 3.8 2.54 (2.10, 3.09)* 2.38 (1.74, 3.26)* 2.48 (1.83, 3.36)* 

EPS 89 273 32.6 40 2875 1.4 13.94 (6.90, 28.19)* 17.20 (9.11, 32.47)* 17.79 (6.70, 47.26)* 

FGA use vs no AP  31 287 10.8 9 768 1.2 2.64 (1.94, 3.60)* 2.64 (1.97, 3.53)* 2.32 (1.66, 3.24)* 

SGA use vs no AP 69 1902 3.6 9 768 1.2 2.18 (1.20, 3.97)† 2.16 (1.02, 4.54) † 1.50 (0.79, 2.85) 

*P≤0.001; †P≤0.05. N=min. 1143 (as amenorrhea analysis was limited to women), max. 2025 for the adjusted analyses; n=min. 1606, max. 2953 for the 

unadjusted analyses. EPS=extrapyramidal symptoms. FGA=first generation antipsychotics. SGA=second generation antipsychotics. AP=antipsychotic.  

a

Person years in follow-up. For instance, for sexual dysfunction, the patients included in the analyses contributed (505 + 2637=) 3142 years of follow-up 

time. 44 patients that developed TDD presented with comorbid sexual dysfunction (rate of 8.7%). 84 patients that developed TDD did not present with 

comorbid sexual dysfunction (rate of 3.2%). 
b

Sensitivity analyses were conducted with a stricter criterion for incidence TDD; a stricter risk set was 

defined as the sample of patients free from dystonia or TD at baseline as well as at visit 2 (one week post-baseline). Consequently, person-years included 

in this table do not hold for the sensitivity analyses. 
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Table 5. Associations between incident TDD and various continuous clinical factors over a 2-year period. 

 HR adjusted (95% CI interval) 

per CGI point 

HR unadjusted (95% CI interval) 

per CGI point 

Sensitivity analysis 

HR adjusted (95% CI interval)  

per CGI point 

CGI-BP Overall illness 1.59 (1.32, 1.90)* 1.49 (1.24, 1.79)* 1.69 (1.44, 1.79)* 

CGI-BP Hallucinations/delusions 1.53 (1.37, 1.70)* 1.49 (1.35, 1.64)* 1.60 (1.42, 1.80)* 

CGI Mania 1.56 (1.36, 1.78)* 1.47 (1.24, 1.73)* 1.69 (1.53, 1.87)* 

CGI-BP Depression 1.38 (1.12, 1.71)* 1.30 (1.14, 1.49)* 1.45 (1.18, 1.78)* 

*P≤.002. N=min. 2013, max. 2016 for the adjusted analyses; n=min. 2948, max. 2952 for the unadjusted analyses.  
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Sensitivity analyses 

The sample for the sensitivity analyses consisted of 2657 patients. The incidence 

rate for dystonia decreased to 2.2%, TD to 0.8% and TDD to 2.9%. All but one 

association between DA-proxies and TDD remained significant and effect sizes did 

not change substantially; only the association between SGA use (versus no AP 

use) and TDD was slightly reduced and no longer significant. Results are included 

in Tables 4 & 5. 

 

Discussion 

One in twenty-five participants experienced new onset tardive dystonia and/or TD 

over a period of 2 years. Although carry-over effects from previous medications 

cannot be excluded because (i) the visits used to define persistence were close to 

each other in time and (ii) there was a linear decrease in incidence of TDD over 

the entire study period, the results from the sensitivity analyses suggest that carry-

over effects did not play an important role. Indeed, even if carry-over effects 

existed, there is no reason to assume that these should per se affect the reported 

associations with third variables. Reported incidence rates of tardive syndromes 

in bipolar populations vary widely in the literature, probably due to variation in 

use of medication (type of antipsychotic, duration of exposure to lithium, 

polypharmacy), tardive syndrome definitions, characteristics of patient 

populations, study designs and mood state dependent fluctuations
2
. Indeed, the 

sensitivity analyses carried out for the purpose of the current analyses clearly 

show that subtle changes in definition affect incidence rates. 

 To our knowledge, rates of tardive dystonia have not been reported in a 

similar population. One of the few reports available on tardive dystonia originates 

from a sample of chronic psychiatric patients from Curacao, mostly suffering 

from schizophrenia. The reported incidences for tardive dystonia and TD were 

0.7%, and 10.2%, respectively
13

, whereas in our sample tardive dystonia had a 

higher incidence than TD. However, the Curacao study also reported that the 

incidence of tardive dystonia diminished over time, whereas the risk of TD 

followed an inverse pattern
30

. This may explain the discrepancy with our current 

findings, as the mean age in the current sample was lower (mean age 44 years, sd 

13) compared to the chronically ill inpatient population from the Curacao study 

(mean age 53 years, sd 17). Van Harten and colleagues demonstrated with this 

study that the rate of tardive dystonia was highest in the age group of 44 years or 

younger, whereas the rate of TD increased substantially after that age. Indeed, the 
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incidence rate for tardive dystonia in the current study (3.3%; 2.3% when a 

stricter definition was applied), approximates the 3% incidence rate reported for 

patients on long-term antipsychotic treatment in a review by Van Harten
31

. More 

research is needed within the bipolar spectrum to confirm the absolute risk of 

tardive syndromes in this specific population. 

 

Expanding the Dopamine Dysfunction Syndrome model? 

A strong association was demonstrated between TDD incidence and various 

clinical factors, beyond antipsychotic medication, that were regarded as proxy 

measures for DA dysfunction in different tracts: high symptom severity scores, 

presence of sexual dysfunction, amenorrhea and EPS. Thus, (proxy) dysfunction 

in the nigrostriatal tract was found to be associated with (proxy) dysfunctions in 

the mesolimbic and the tuberoinfundibular DA tracts, indirectly suggesting 

generalised dopaminergic dysfunction. 

 The association between EPS and TDD was anticipated based on similar 

findings in schizophrenia
9

, and the fact that extrapyramidal symptom clusters in 

general have been linked to low DA transmission in the nigrostriatal tract
5
. 

Associations between measures of sexual dysfunction and TDD are somewhat 

more complex as they imply the involvement of different tracts; they are, 

however, both associated with relatively low DA transmission
5,19,20

. 

 Explaining the associations between more severe mania and psychotic 

symptoms on the one hand, and incident TDD on the other, is more complicated, 

as these symptom clusters seemingly represent high rather than low states of DA 

transmission, the latter being associated with TDD. To the best of our knowledge, 

an association between psychosis severity and TDD has not been reported before 

within a bipolar population. One might argue that the increase in psychotic 

symptoms and the emergence of TDD may be occasioned simultaneously by 

withdrawal of APs
32

. Alternatively, it may reflect increased dose of antipsychotics 

prescribed in response to increases in psychotic or manic symptoms, causing 

TDD. Although either of these confounding mechanisms cannot be completely 

excluded, it may be considered unlikely given that the current analyses were 

adjusted for changes in AP use and dose, as well as changes in CGI overall 

symptoms severity. 

 The association between more severe mania and TDD incidence was 

surprising, as the limited reports available suggest a decrease of TD severity 

during manic episodes
2
. It may be attractive to speculate, in combination with the 
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association found between TDD and psychotic symptoms, that this finding can be 

explained using the concept of „supersensitivity psychosis‟, which postulates that 

psychotic symptoms may be produced by increased sensitivity of DA receptors in 

the mesolimbic tract
33

. Manic symptoms, similar to psychotic symptoms, have 

been linked to the mesolimbic DA tract
5,7

, suggesting that this theory may be 

extrapolated to the mania symptom cluster as well. Although speculative, the 

hypothesis that the concept of supersensitivity may additionally extend to the 

nigrostriatal tract, could explain the associations found in the current study.  

 This hypothesis could also explain the finding of decreasing TDD 

incidence over time, as better BD symptom control might represent a dampening 

of supersensitivity, which might be extended to multiple tracts. Another 

explanation for this finding could be that patients who are highly sensitive to 

TDD development would develop the syndrome early in the study, whereas less 

sensitive patients either develop the syndrome at a later stage or not at all. 

 Even though the apparent contrast in the direction of proxy DA 

transmission status in the mesolimbic (up regulated) and nigrostriatal (down 

regulated) pathways that were associated with TDD is difficult to explain, it is 

compatible with the notion of broad dysfunction in the DA system. Alternatively, 

rather than an absolute interpretation of “high” or “low” states, DA instability or 

alterations in regulatory influences among the different DA tracts may instead 

represent the core characteristic driving the observed associations. The limited 

conclusion that can be drawn at this time is that more severe BD related 

symptoms are associated with an increased probability of tardive syndromes, the 

reason for which remains speculative.  

 

Limitations  

The findings of the current study are subject to a number of limitations. First, we 

depended on proxy measures of DA transmission. The literature indicates that the 

investigated symptoms and adverse effects are, to a certain extent, related to DA 

dysfunction in certain areas. However, various external factors may influence 

these symptoms and effects without (necessarily) altering DA transmission. For 

instance, use of concomitant medication or antagonism of other receptors by APs 

may affect sexual dysfunction
19,20

.  

 Second, if a pan-dopaminergic dysregulation exists within BD, it remains 

unknown what may cause such a state. For example, a reduction in sensitivity of 

postsynaptic DA receptors, altered pre-synaptic activity, a reduction in absolute or 
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relative DA concentrations or another mechanism yet to be revealed may be 

involved. Obviously, epidemiological research is not the appropriate methodology 

to investigate these underlying mechanisms; more neuroimaging and pre-clinical 

data are needed to shed light on the nature and extent of DA dysfunction within 

the framework of the hypothesized dopamine dysregulation syndrome proposed 

by Berk and colleagues
3
 as well as the extensions proposed in the current report. 

 Third, as cogently discussed by Berk and colleagues
3

, DA transmission is 

certainly not the sole underlying factor for neural dysfunction in BD; other 

neurotransmitters are likely to play a role. Even though the current model is far 

from able to explain all pathology associated with BD, the current literature is not 

incompatible with a major role of DA. Therefore, the model used may be regarded 

as an interesting scientific starting point for epidemiological research on the 

extent and nature of any involvement of DA in the bipolar spectrum.  

 Fourth and final, the direct effects of lithium or antipsychotics dose 

adjustments on tardive movement disorders are complicated. Tardive dyskinesia 

has been reported to abate after dose increases
34

, usually to reappear after some 

time, whereas acute dystonia often emerges following dose increases
5
. In order to 

avoid confounding, analyses were controlled for various relevant treatment-

related variables, including changes in treatment doses. Even with this 

adjustment, one could question the extent to which dose adjustments may have 

influenced our results.  

 

Conclusion 

In summary, high rates of TDD, tardive dystonia and tardive dyskinesia were 

found within a bipolar population. Apart from the well-known associations with 

antipsychotics, strong associations were demonstrated between TDD incidence 

and various clinical factors that were regarded as proxy measures for DA 

dysfunction in different tracts, which implies a generalized dopamine 

dysfunctional state. Future neuroimaging and pre-clinical data may shed light on 

the underlying mechanism of this pattern. 
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The general aim of this thesis was to investigate the nature of BD-related 

symptoms on two levels; i) on a subclinical level, we wished to investigate the 

effect of affective dysregulation on the presence, course and impact of reality 

distortion; ii) on a clinical level, we wished to investigate illness characteristics 

and factors influencing the short-term and long-term course of bipolar illness. 

 

General findings and implications  

The broad definition of the general aim resulted in diverge hypotheses and 

findings on topics that had not received much attention in current literature, 

providing new insights on course and outcome of bipolar symptoms, both on a 

subclinical and clinical level. Findings are of practical relevance, as they i) identify 

potential ways to influence course and outcome of the illness, given that some 

factors impacting course and outcome could be influenced within the treatment 

setting (e.g. substance use, social circumstances) or ii) at least help create insight 

into the illness status of individual patients and consequently define realistic 

treatment expectations (e.g. effects of co-morbid complexities).  

 Aside from the findings from the individual analyses, an unforeseen 

higher-level pattern was noticed within the results. Although this was originally 

not the objective of our research, circumspect evidence on a potential role of 

dopamine in the onset and course of bipolar disorder accumulated during the 

course of this research. Despite the use of epidemiological research designs, our 

findings could be cautiously interpreted within the context of a recently 

postulated dopamine dysfunction model for bipolar disorder
1
, which is described 

in more detail below. Moreover, results hinted towards a potentially broader 

dopamine dysfunctional state than originally proposed by Berk and colleagues
1
. 

To facilitate the use of our circumstantial findings towards the creation of 

hypotheses for an expansion of the existent dopamine dysfunction model, the 

most important findings from the individual analyses comprising this thesis are 

summarized below per component of this dopamine dysfunction model (mainly 

bipolar symptoms). Additionally, for each component of the model, a concise 

overview of current literature on dopamine research is provided as a frame of 

reference. This overview of our findings embedded into literature will finally lead 

to a general conclusion, by proposing hypotheses on an extended Dopamine 

Dysfunction model for bipolar disorder as well as suggestions for future research. 
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Findings on mania symptoms 

Mania symptoms as an outcome measure were of specific interest throughout 

multiple analyses in this thesis. On a subclinical level, mania symptoms were 

associated with occurrence and persistence of psychotic symptoms as well as 

psychosis-related impairment (Chapter 2). These findings suggest a fascinating 

interaction between mania symptoms and the experience of reality distortion in a 

premorbid phase. Chapter 3 demonstrated that the speed of improvement of 

mania symptoms was impacted by various illness characteristics (such as a lower 

age of onset and rapid cycling patterns) as well as social variables (such as 

independent living and the frequency of social activities). Chapter 4 showed that 

mania symptoms in the absence of co-morbid complexities (e.g., drug abuse or 

psychotic symptoms) are associated with a relative good outcome within the 

context of bipolar disorder. Mania symptoms were found to be more severe in 

patients exposed to cannabis (Chapter 5), whereas the incidence of tardive 

movement disorders was higher in patients with higher mania scores (Chapter 6). 

Overall, our findings indicate that the severity of mania symptoms is impacted by 

or at least associated with various illness-related factors, some of which can be 

influenced within the treatment context.  

 

Current literature: Mania symptoms and dopamine  

Currently, mania symptoms are largely conceptualized as the product of unstable 

and excessive neurotransmission in specific brain circuits. Symptoms such as 

racing thoughts, grandiosity and flight of ideas may be hypothetically linked to 

inefficient information processing in brain regions that are part of the mesolimbic 

dopamine tract
2

 (Figure 1). Most evidence for this conceptualization arises from 

studies indirectly investigation dopamine involvement; only few studies have 

applied a direct approach through PET or SPECT. In one of these latter 

experiments, Yatham and colleagues
3

 demonstrated that the presence of mania 

symptoms were not related with the dopamine D2 binding potential in the 

striatum of nonpsychotic first episode treatment-naïve patients, compared to 

healthy controls. Associations between D2 binding potential and severity or 

improvement of mania symptoms were also absent. However, these negative 

results could be caused by the limited number of manic patients studied (n=9), 

and a higher level of D2 receptor density could have been obscured by high 

endogenous dopamine levels using the specific ligand employed
3
.  
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Figure 1: general overview of the 4 dopamine pathways; nigrostriatal tract (projects from 

substantia nigra to striatum), mesolimbic tract (projects from the ventral tegmental area of 

the midbrain, via the nucleus accumbens, amygdala and hippocampus to the medial 

prefrontal cortex and limbic system), mesocortical tract (projects from the ventral tegmental 

area to cerebral cortex, particularly the frontal lobes) and the tuberoinfundibular tract 

(projects from hypothalamus to pituitary gland). 

 

A subsequent study by the same research group indicated that presynaptic 

dopamine activity in the striatum was similar for healthy controls and 

medication-naïve first episode manic patients. However, dopamine synthesis 

decreased in patients after valproate use, again without any association with the 

severity of mania symptoms
4
. A third study reported that there was no difference 

in striatal D2 receptor binding between euthymic bipolar patients and healthy 

controls. Nevertheless, the finding that bipolar patients showed a stronger 

behavioral response (i.e., more severe mania symptoms) to an amphetamine 

challenge (causing an increase in the level of synaptic dopamine in humans) led 

the authors to the conclusion that these results are consistent with a stronger 

Nigrostriatal tract 

Mesolimbic tract 

Mesocortical tract 

Tuberoinfundibular tract 

http://en.wikipedia.org/wiki/Mesencephalon
http://en.wikipedia.org/wiki/Amygdala
http://en.wikipedia.org/wiki/Hippocampus
http://en.wikipedia.org/wiki/Prefrontal_cortex
http://en.wikipedia.org/wiki/Prefrontal_cortex
http://en.wikipedia.org/wiki/Prefrontal_cortex
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postsynaptic dopamine response in patients, instead of increased dopamine 

release
5
.  

Indirect evidence for the involvement of dopamine in mania symptoms 

is originating from the behavioral effects of psychostimulants and antimanic 

medication. Dopamine agonists and stimulants such as amphetamine (which 

increases both dopamine and norepinephrine release) have behavioral effects that 

resemble mania symptoms, while D2-receptor blocking antipsychotics are 

effective antimanic agents
1,3

. Other indirect evidence is derived from studies using 

branched-chain amino-acid mixtures depleting the uptake of dopamine 

precursors. Subsequently, mania symptoms were found to decrease in two patient 

samples
6,7

, and the psychostimulant mania-like effects of administered 

methamphetamine were diminished in both healthy controls and manic patients
7
. 

These findings suggest that mania symptoms are associated with an excess in 

dopamine, and can be relieved by a reduction of dopamine. An earlier case report 

demonstrated that a higher urinary dopamine level predicted a manic mood 

originating 3 days after the sample was taken
8

. In addition, various studies were 

conducted through measurement of the dopamine metabolite homovanillic acid 

(HVA), yielding inconsistent results
4
. In 8 studies, manic patients were found to 

have higher HVA levels compared to healthy control subjects, although 2 other 

studies were not able to demonstrate a difference. 

 Overall, from the few studies available, direct research on dopamine 

activity seems to suggest that mania may be associated with a stronger striatal 

postsynaptic dopamine response in mania, whereas indirect studies suggest that 

dopamine metabolism (HVA) is higher in mania patients. Thus far it remains 

disputable which exact mechanism in dopamine transmission may be affected. 

 

Findings on psychotic symptoms 

Psychotic symptoms are a common feature of bipolar disorder, and therefore 

received substantial attention in this thesis. In Chapter 2, the occurrence and 

persistence of subclinical psychotic symptoms was demonstrated to be more 

likely in the presence of affective dysregulation in a dose dependent manner. 

Psychosis-related impairment was more likely within the context of affective 

dysregulation. Chapter 3 showed that the rate of psychotic symptom 

improvement was negatively affected by less severe mania symptoms. In Chapter 

4, the presence of psychotic symptoms characterized a subgroup of patients with 

relatively poor outcome, with higher overall illness and mania symptom severity, 
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less improvement on overall symptom severity over time and worse social 

circumstances. In addition to the finding that cannabis exposure was associated 

with more severe psychotic symptoms (Chapter 5), the incidence of tardive 

movement disorders was higher in patients with more severe psychotic symptoms 

(Chapter 6). In general, our findings confirmed a considerable impact of psychotic 

symptoms on the course of bipolar illness, as well as a significant interaction with 

affective dysregulation in a premorbid phase.  

 

Current literature: Psychotic symptoms and dopamine 

In contrast to bipolar disorder, an impressive amount of research has focused on 

dopamine and psychotic symptoms within the context of schizophrenia. Much 

neuroimaging research within this population targeted striatal dopamine 

mechanisms. Although individual findings on striatal D2 receptor density were 

not consistent, a meta-analysis by Laruelle
9
 concluded with a modest elevation in 

striatal D2 receptor density for drug-naïve or drug free patients with 

schizophrenia compared to healthy controls. This association was replicated 

within a population of bipolar patients with and without psychotic symptoms 

compared to healthy controls, where an elevated level of D2 receptors was 

demonstrated to be associated with the presence of psychotic symptoms rather 

than mood abnormality
10

. 6 Out of 8 studies on striatal synaptic availability and 

release of dopamine, employing amphetamine challenge designs, demonstrated 

an increase in dopamine release in subjects with schizophrenia
9,11,12

. This increase 

was found to be related to the severity of amphetamine-induced psychotic 

symptoms
11,12

. The two studies with contrasting results were conducted in 

chronically ill patients without current psychotic symptoms, in contrast to the 

positive studies that investigated patients who were currently in the acute 

psychotic phase of the illness
11

. 

 To examine whether dopamine abnormalities precede the onset of the 

illness or is secondary to its development, Howes and colleagues
12

 conducted a 

PET experiment in 24 subjects with prodromal symptoms, 7 patients with 

schizophrenia and 12 matched healthy controls. Striatal dopamine uptake was 

found to be elevated in prodromal subjects (effect size 0.75) and patients with 

schizophrenia (effect size 1.25), compared to healthy controls. This elevation was 

correlated with the severity of prodromal psychopathological and 

neuropsychological impairment
12

. Additionally, D2 receptor levels were found to 

be increased in non-ill first degree relatives of schizophrenia patients
13

. These 
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findings not only suggest a role for elevated dopamine activity in psychotic 

symptoms, but also in increased vulnerability to develop psychosis.  

 Other direct explorations of dopamine dysfunction in schizophrenia 

concern postmortem studies, often revealing an increase in striatal D2 receptor 

density. However, results may have been confounded by the frequent exposure of 

subjects to antipsychotic treatments, which may influence receptor density 

themselves
11,14

. Assessment of HVA levels in cerebrospinal fluid (CSF), a more 

circuitous measurement of dopamine activity, gives an indication of dopamine 

turnover in the brain. The majority of these studies comparing schizophrenia 

patients with control subjects (either healthy subjects or subjects with a different 

psychiatric illness) did not find any difference
15

. However, instead of high HVA 

levels being a trait marker for schizophrenia, it appears to be related to a 

psychotic state in general; the severity of psychotic symptoms are associated with 

HVA levels, and a decrease in plasma HVA induced by neuroleptics was found to 

be associated with the degree of symptom improvement
15

. This finding is 

substantiated by early research on HVA levels in subjects with non-schizophrenic 

psychotic disorders
15

. 

 Circumstantial evidence for the involvement of dopamine in psychotic 

symptoms comes from pharmacological studies. The psychosis-inducing effects of 

dopamine agonists (e.g., psychostimulants, L-DOPA) as well as efficacy of 

dopamine antagonists in treating these symptoms strongly suggest the existence 

of a dysregulation of dopamine transmission in psychosis
11

. Related to 

antipsychotic activity, the concept of ‘supersensitivity psychosis’ received 

considerable interest in the past decades, suggesting that rapid onset psychotic 

symptoms may be produced in some patients following discontinuation of 

chronic neuroleptic treatment blocking dopamine receptors
16

. These symptoms 

frequently resolve rapidly after reinstitution of treatment
17

. The antagonistic 

effect of neuroleptics is suggested to increase sensitivity of dopamine receptors in 

the mesolimbic tract
16-18

. This phenomenon is also demonstrated in patients with 

bipolar disorder
19

.  

 An important methodological issue in research on the existence of 

‘supersensitivity psychosis’ is the difficulty to distinguish this concept from 

relapses as part of the natural course of the illness. Some findings, although not 

entirely consistent, plead in favor of the supersensitivity psychosis concept: i) an 

increase in relapse is demonstrated in the first few months after discontinuation 

of treatment (if the natural course of the illness is revealed by treatment, relapse 
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rates would be constant); ii) relapse rates are reduced when discontinuation is 

gradual instead of abrupt
17

. However, consensus is currently lacking on the 

existence as well as the underlying mechanism of supersensitivity psychosis
17

. 

 Overall, there is reasonable evidence in favor of an association between 

dopamine dysfunction and psychotic symptoms in general. Specifically, striatal 

dopamine dysfunction appears not to be related to schizophrenia per se, but to 

psychotic symptoms in a broader context of various psychiatric illnesses
11,15

; 

higher striatal D2 receptor density was demonstrated, as well as higher HVA 

levels and more dopamine release after amphetamine challenge. Therefore, even 

though most research focused on schizophrenia populations, the symptom-based 

instead of diagnosis-based association partly overcomes the gap in bipolar 

research on this topic. 

 

Findings on depression symptoms  

Depression was included as moderator or as outcome measure in most analyses. 

Chapter 2 focused on affective symptoms, indicating that affective dysregulation 

in general and depression symptoms in particular were associated with the 

occurrence and persistence of psychotic symptoms, as well as psychosis-related 

impairment. These findings indicate a substantial role for depression symptoms 

in experiencing reality distortion in a subclinical context.  

With regards to results from the EMBLEM study, reported in chapters 3 

through 6, findings on depressive symptoms within this context need to be 

carefully interpreted, as a selection bias may have distorted these results; patients 

were eligible for participation in this study when they initiated or changed 

medication for treatment of manic or mixed episodes, thus excluding patients with 

a pure depressive episode at baseline. This strengthens our findings on an 

endophenotype characterized by the presence of mania symptoms, but at the 

same time introduces bias on findings related to depression symptoms, although 

most probably by dilution of effects.  

 Chapter 3 showed that the severity of depressive symptoms at baseline 

slows down improvement of both mania and psychotic symptoms, but not the 

other way around. With regards to the Classes analyses, findings on depression 

symptoms were limited to the Typical Mania class demonstrating higher levels of 

depression after 3 months of treatment (Chapter 4). The lack of an association 

between cannabis exposure and the severity of depression (Chapter 5) could be 

caused by the biased patient sample as described above, as similar research 
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without this bias did find an association
20

. Finally, a higher severity of depressive 

symptoms was associated with a higher chance on developing tardive movement 

disorders (Chapter 6). Overall, our findings with regards to depression symptoms 

within the EMBLEM (Chapters 3-6) were limited and need to be interpreted 

carefully, whereas the EDSP analyses (Chapter 2) indicated an important role for 

depressive symptoms within a subclinical context. 

 

Current literature: Depression symptoms and dopamine 

The mesolimbic dopamine tract is hypothesized to be involved in depression 

symptoms
21-23

 (Figure 1), although in contrast to mania and psychotic symptoms, 

depression symptoms may be associated with decreased dopamine transmission 

within this tract
1,24

. Despite frequent co-occurrence of these symptoms, this theory 

is not intrinsically contradictive per se; one plausible explanation may be the 

involvement of different receptor classes or sub-regions in the different symptom 

clusters
22

.  

 The current monoamine theory of depression has been extended from 

comprising only serotonin (5HT) and noradrenalin (NA) to a trimonoaminergic 

neurotransmitter system malfunction, including dopamine
2
. Dopamine is widely 

accepted as a key neurotransmitter in pleasurable experiences, reward and 

motivated behavior
25

, which are functions that are implicated in depression. 

However, as most depression research focused on the role of 5HT and NE 

systems, the role of dopaminergic pathways within this context is only partly 

understood.  

 A minority of studies in patients with major depressive disorder 

employed direct measurements of dopamine function, yielding inconsistent 

results. Postmortem findings on D2 receptor density remain inconclusive due to, 

at least in part, variability in age of subjects and exposure to psychotropic 

medications
22

. Neuroimaging studies were hampered by large variations in 

medication status of patients as well as variability in levels of anxiety which has 

been associated with reduced D2 receptor expression
22

. Elevated striatal D2 

binding levels were demonstrated in depressed patients, indicating either 

increased numbers of D2 receptors or a decrease in the availability of synaptic 

dopamine. These findings were not confirmed in subsequent research, although 

the control groups were disputable. Conflicting results were additionally reported 

for studies on D2 binding before and after antidepressant treatment and 

dopamine transporter density in striatal regions or the basal ganglia
22,23

. Although 
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employing a more indirect measurement, most studies examining the 

concentration of dopamine metabolites in cerebrospinal fluid (primarily HVA) 

found lower concentrations in depressed patients compared with healthy 

controls
23,26

, in contrast to a few studies that were not able to demonstrate this 

difference
22

.  

 An indirect source of evidence concerns working mechanisms of 

antidepressants; although some antidepressants affect dopamine transmission 

directly
1,22,23,27

, most antidepressants work on the brain’s 5HT and NA systems. 

5HT and (to a lesser extent) NA are known to regulate mesolimbic dopamine 

activity
1,27,28

, for instance, by increasing dopamine D2/D3 binding activity in the 

nucleus accumbens
23

, interacting with dopamine systems in the ventral tegmental 

area
22

 or by stimulating dopamine release in the prefrontal cortex and nucleus 

accumbens
22

. In addition, some antipsychotics showed mood stabilizing effects in 

bipolar patients, including an effect on depressive symptoms. This effect was  

probably exerted through blockage of 5HT2A presynaptic receptors, thereby 

elevating the inhibition of 5HT on dopamine release
28

 presumably in the 

mesocortical pathway
22

. Unfortunately, the complicated interactions between 

dopamine and 5HT (the latter consisting of at least 14 receptor subtypes) have not 

yet yielded straightforward results on the exact underlying principle.  

 Further evidence from antidepressant actions is the lack of achieving 

remission in large proportions of depressive patients, which might result from a 

failure of increased 5HT or NE neurotransmission to induce similar alterations in 

dopamine signaling. This is supported by findings that SSRI responders in 

contrast to non-responders exhibit increased dopamine binding to striatal D2 

receptors. In addition, the demonstrated correlation between the degree of 

increase in binding and improvement of depressive symptoms further supports 

this suggestion
22

. The clinical observation that antidepressant medication 

generally requires several weeks to exert clinical effects, despite the fact that the 

medications affect 5HT and NE neurotransmission almost immediately, suggests 

the involvement of other, downstream mechanisms
23

.  

 In conclusion, there is some evidence that dopamine is involved in 

depressive symptomatology. The exact characteristics of dopamine dysfunction 

related to depression symptoms (e.g., impaired dopamine release, receptor 

subsensitivity and density) are still a matter of debate
1
. Additionally, most 

research on the involvement of dopamine in depression includes patients with 

major depressive disorder. The mechanisms underlying depression within the 
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context of bipolar disorder may be somewhat different due to the complex nature 

of the illness, and needs further exploration. 

 

Findings on cannabis exposure and other substance use 

Substance abuse in general is a serious concern within the context of psychiatry, 

especially in bipolar disorder, where high rates of use have been reported. The 

limited data on the effect of cannabis use in particular inspired us to dedicate one 

chapter within this thesis to this specific substance of abuse. We found that 

exposure to cannabis, regardless of the level of dependency and the duration of 

use, was associated with worse treatment outcome and social circumstances over a 

period of 1 year, independent of the effects of alcohol and other substances of 

abuse (Chapter 5). Additionally, in line with previous reports
29

 cannabis exposure 

was associated with more use of alcohol and other substances of abuse. In Chapter 

3, substance abuse in general was not regarded as a moderating factor in outcome 

on mania symptoms, plausibly caused by the short follow-up period of 3 months. 

In contrast, substance use was an important defining factor in the Latent Classes 

analysis (Chapter 4), with the resulting Dual Mania class demonstrating a 

significantly worse treatment outcome on various factors. In general, our findings 

warrant caution regarding the use of substances, in particular cannabis. 

 

Current literature: Cannabis, other substance use and dopamine 

Drugs of abuse share the ability to increase dopamine neurotransmission in 

certain regions in the brain
25,30,31

. Cannabis is believed to exert its effects on 

dopamine indirectly. This notion is partly based on the observation that the active 

component of cannabis, Δ9

 THC, is linked to an increase in extracellular 

dopamine in the nucleus accumbens; this effect is plausibly exerted through i) an 

indirect excitatory action on the dopamine neurons in the ventral tegmental area, 

which is the main ascending dopaminergic projection to the nucleus accumbens
30

 

or ii) inhibition of GABA activity that normally inhibits mesocortical dopamine 

neurons
32

. Indeed, these structures are important anatomical substrates for reward 

in general (e.g., drugs, sex, social interaction
25

). In contrast to cannabis, other 

psychostimulant drugs (e.g., amphetamines) are believed to exert a direct 

dopamine increasing effect within these structures
33

, and a similar increase in the 

amygdala and prefrontal cortex
34

. As these structures are components of the 

mesocortical and mesolimbic dopamine tracts (Figure 1), an interaction may be 

expected between clinical symptoms associated with dopamine dysfunction 
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(mania, depression and psychosis) within these tracts and exposure to 

psychostimulants as well as cannabis.  

 From diverging research lines, ranging from epidemiological to 

neurochemical approaches, use of cannabis and psychostimulants has been 

repeatedly linked to psychotic symptoms and syndromes, mainly schizophrenia. 

For instance, moderate exposure to cannabis is associated with an increased risk 

to develop schizophrenia in certain genotypes
35,36

. In addition, administration of 

cannabis and psychostimulants can exacerbate positive symptoms in patients 

with schizophrenia
33,37

 and produce transient psychosis-like symptoms in healthy 

individuals
33,37

 or even give rise to a temporary drug-induced psychosis 

sufficiently serious to lead to hospitalization on suspicion of schizophrenia
33,38

. 

Little research connecting cannabis and dopamine has been conducted specifically 

within the field of bipolar disorder. 

 

Findings on movement disorders 

One specific chapter was devoted to tardive movement disorders within the 

context of bipolar disorder (Chapter 6), a topic that received little attention in 

current literature. The mean incidence rate for tardive movement disorders 

(combination of tardive dystonia and tardive dyskinesia; TDD) was high at 4.1% 

over a period of 2 years. An interesting pattern arose from our analyses: the 

occurrence of TDD was independently associated with the occurrence of various 

proximity measures for dopamine anomalies within the brain, such as more 

severe bipolar symptoms, other extrapyramidal symptoms and prolactin-related 

adverse effects. Similar findings were reported for a patient population diagnosed 

with schizophrenia, demonstrating associations between tardive movement 

disorders on the one hand and more severe psychotic symptoms
39,40

 and sexual 

dysfunction
41

 on the other. Due to the epidemiological character of our research, 

our findings provide circumstantial support for the notion of generalized 

dopamine dysregulation in bipolar disorder, which will be discussed more 

extensively in the next section.  

 

Current literature: Movement disorders and dopamine 

Movement disorders are generally regarded as a side effect of antipsychotic 

treatment and, in contrast to schizophrenia, are rarely investigated within bipolar 

disorder populations. The dominant hypothesis on the underlying mechanism of 

movement disorders, the ‘dopamine hypersensitivity theory’, involves 
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dysfunctional dopamine transmission in the nigrostriatal tract
2,42

. The receptor 

system within this tract is assumed to develop increased sensitivity to dopamine 

as a consequence of chronic dopamine receptor blockade induced by 

neuroleptics
42

. Generally, it is assumed that movement disorders, and tardive 

dyskinesia (TD) in particular, are associated with low dopamine transmission in 

the nigrostriatal dopamine tract. This notion is underlined by the relatively high 

TD incidence rates associated with antipsychotics that function as strong 

dopamine antagonists
2
. Although extensive research does not provide consistent 

evidence for a primary causal role for dopamine in movement disorders, 

specifically TD, at least a secondary or modulatory role is convincingly 

demonstrated. Thus far, no direct evidence of any specific pathophysiological 

process has been identified
42

. 

 In contrast to the general consensus, recent studies suggest that 

movement disorders may not simply and solely be a consequence of dopamine 

dysfunction triggered by medication use. Although antipsychotics are the most 

frequent cause of drug-induced movement disorders, a recent meta-analysis 

revealed that movement disorders not only emerge in treatment naïve patients 

with schizophrenia, but they are also more frequent in first-degree non-ill 

relatives. Thus, next to the well-known associations with antipsychotics, 

movement disorders are found to be associated to a certain degree with the illness 

itself, and additionally may also be related to a certain (genetic) risk of developing 

the disease
43

. 

 

Towards a broader model of dopamine dysfunction? 

Recently, a Dopamine Dysfunction model for bipolar disorder was postulated by 

Berk and co-workers
1
, based on a review which comprised data from very diverge 

domains, including preclinical, genetic, neuroimaging, pharmacological and 

clinical research. The model proposes that bipolar disorder is associated with a 

cyclical dysregulation in quantitative dopamine transmission. The manic phase is 

suggested to be associated with an increase in dopamine transmission. Secondary 

down regulation of certain key elements and pre- as well as post-synaptic 

receptors may subsequently decrease dopamine transmission, dampening the 

cycle. A substantial reduction in dopamine transmission is hypothesized to 

characterize the depressive phase, which may be alleviated by secondary up-

regulation of the same key elements. Up and down regulation is suggested to be 

mediated by endogenous homeostatic mechanisms. Individual vulnerabilities 
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exist to the hyper- and hypodopaminergic state, explaining the large inter-

individual variability in illness course
1
. 

 The current model mainly covers abnormalities within the mesolimbic 

dopamine tract in the brain, by focusing on mania and depression symptoms. Due 

to a gap in scientific research to date, most research substantiating the model 

relied on indirect measurements of dopamine function in the context of bipolar 

disorder. By employing epidemiological research methods, our results are also 

limited to providing indications of dysfunction, suggesting that dopamine 

dysfunction might be more widespread than suggested by the Dopamine 

Dysfunction model by Berk and colleagues
1

.  

 In the past decades, technological advances have enabled scientists to 

explore and map biological bases of normal and abnormal psychology, from 

cognitive processes to the role of the human genome. With our proposal for an 

extension to the existent biological model, we certainly do not intent to disregard 

the importance of factors outside the scope of neuroscience. In agreement with 

Bullmore and colleagues
44

, we aspire to contribute to the understanding of 

neurobiological mechanisms underlying the onset and course of bipolar disorder, 

as to help physicians explain to their patients why they have become ill, reliably 

predict their expected outcome and treat them according to a personalized 

rationale
44

. In our opinion, it is the complex combination of neurobiological, 

emotional, cognitive and environmental factors that provide the complete picture 

of the cause and course of the illness for individual patients. Therefore, although 

evidence is often circumstantial and occasionally originating from adjoining 

disease states, we developed an extension to the existent biological model as to 

guide future research taking into account biological as well as non-biological 

factors. 

 

New evidence for dopamine dysfunction in bipolar disorder? 

As hypotheses about alterations in dopamine function in severe mental illness are 

difficult to examine directly, it has been suggested that these abnormalities may 

be explored using clinical assessments that serve as proximity measures (i.e., 

indirect measures) for dopamine neurotransmission in different dopamine 

tracts
22,40,41

. This way, evidence from epidemiological studies may provide leads 

for further development of scientific models.  
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Extending the dopamine model: psychotic symptoms 

The limited consensus on the exact mechanism of dopamine dysfunction in 

relation to the core symptom clusters of bipolar disorder (i.e., mania, depression 

and psychosis) hampers the development of a clear multifactorial model. 

However, based on our findings as well as direct and indirect evidence from 

divergent research lines concerning bipolar and adjacent populations of 

psychiatric patients, our attempt is presented in Figure 2. In this model, the 

original proposal by Berk and colleagues
1
 is indicated by the shaded background. 

Available evidence on the association between dopamine dysregulation and 

psychotic symptoms, including higher striatal D2 receptor density
9

, more 

dopamine release after amphetamine challenge
11,12

 and higher HVA levels
15

, led to 

the modest extension in the right column. Through this addition, the extended 

dopamine model now includes the 3 core symptom clusters of the disease (Figure 

2).  

 

Extending the dopamine model: co-occurrence of symptoms and syndromes 

Next to adding a core symptom into the model, we would like to propose that a 

more generalized dopamine dysfunction is present in certain bipolar patients, that 

is, a disturbance in dopamine activity in multiple dopamine tracts. Particularly 

our results reported in Chapter 6 provided interesting hints for such a hypothesis. 

With tardive movement disorders (TDD, assumed to represent the nigrostriatal 

dopamine tract) as a starting point, a strong association was demonstrated with 

high bipolar disorder symptom severity scores (assumed to represent 

abnormalities in the mesolimbic dopamine tract) as well as the presence of sexual 

dysfunction and amenorrhea (assumed to represent abnormalities in the 

tuberoinfundibular dopamine tract). The use of proxy measures limits the 

interpretation of our findings, but it gives an interesting starting point for 

theories on generalized dopamine dysfunction in bipolar disorder.  

Measures of sexual dysfunction and amenorrhea are suggested to be 

associated with relatively low dopamine transmission in the tuberoinfundibular 

tract
2,45

. Dopamine functions as a brake on prolactin release within this dopamine 

tract, therefore, low dopamine transmission can result in increased prolactin 

levels, potentially translating into problematic sexual functioning
2
. However, 

although there is reason to assume that sexual dysfunction and amenorrhea are 

prolactin  
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related to at least some degree, many relevant factors apart from prolactin may 

impact on these variables. For instance, antipsychotic-induced effects (e.g., 

histaminergic, noradrenergic and anticholinergic) potentially influence sexual 

behavior, next to potential effects of concomitant medication
45

. Clinical evidence 

pleading in favor of at least a certain degree of dopamine involvement includes: i) 

higher prolactin levels in patients reporting sexual dysfunction; ii) the fact that 

treatment-emergent sexual adverse events have been reported during treatment 

with antipsychotics known to elevate prolactin levels relatively specifically
41

.  

 In previous sections, the potential involvement of dopamine in mania, 

depression and psychotic symptoms as well as movement disorders has been 

described. Together with sexual dysfunction and amenorrhea, these symptoms 

and syndromes are suggested to represent anomalies in at least three different 

dopamine tracts; the mesolimbic, nigrostriatal and tuberoinfundibular tracts. Our 

finding of co-occurrence of these symptoms and syndromes led us to speculate on 

a generalized dopamine dysfunctional state associated with bipolar disorder. This 

is in line with a similar theory in the schizophrenia realm, where several research 

groups recently reported on associations between abnormalities in proximity 

measures of multiple dopamine tracts; more severe psychotic symptoms were 

found to be associated with movement disorders
39,40

 and sexual dysfunction
41

. 

Euthymia

Figure 2. Extension of Berk’s model for core bipolar symptoms

Dopamine transmission 

is decreased

Dopamine transmission 

is decreased

Dopamine transmission

is increased

Secondary down regulation 

of key system elements

Endogenous homeostatic

adaptive mechanism

Psychotic symptoms

Secondary up regulation 

of key system elements

Secondary down regulation 

of key system elements

Depression symptoms Mania symptoms

Endogenous homeostatic

adaptive mechanism

Endogenous homeostatic

adaptive mechanism

Recurrence and severity of symptoms can be impacted by the natural course of the disease, external factors  

(e.g. substance use), the social environment, co-occurrence of symptoms, traumatic events or other daily life triggers.
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Extending the dopamine model: The role of external factors 

Our findings on associations between external factors and worse disease course 

and outcome may serve as indirect evidence for the involvement of dopamine in 

bipolar disorder. We hypothesize that factors such as substance use and social 

adversity exert their influence to a certain extent through an effect on dopamine 

activity associated with the symptom clusters, mainly in the mesolimbic tract. 

This hypothesis is based on the following aspects: i)  the (varying weight of) 

evidence in current literature for the involvement of dopamine in individual 

bipolar disorder symptom clusters
1,3,4,9,11,12,15,22,23

 combined with ii) our own 

findings on the negative effect of co-occurrence of bipolar symptoms on disease 

course and symptom severity (Chapters 2, 3 and 6) confirming findings reported 

in current literature (e.g.,
46,47

); and iii) current literature reporting elevated 

dopamine activity following substance use (e.g.,
25,30,31

) combined with iv) our own 

findings related to the negative impact of substance use on disease course and 

symptom severity (Chapters 4 and 5) confirming findings reported in current 

literature (e.g., 
48,49

). 

 Although very interesting, associations between higher illness severity 

and worse social circumstances from our research are important to reflect on 

within the context of a dopamine model. Speculations on interactions between 

dopamine dysregulation and social adversity are difficult to substantiate with our 

own findings, but form a methodological and ethically complicated challenge for 

future research.  

 

Concluding remarks and suggestions for further research 

Berk and colleagues
1

 recently lay an inspiring basis with their proposed model on 

dopamine dysfunction within a bipolar patient population. Even though our 

evidence is circumstantial, and epidemiological research investigates mere 

associations, results from our research are compatible with a notion of broad 

dysfunction in the dopamine system. In our opinion, our findings provided 

modest hints that give rise to new hypotheses. The concept of interrelated 

deviations in multiple dopamine tracts has previously been reported for a patient 

population with schizophrenia
39-41

, and it constitutes an interesting line of 

approach for research in bipolar disorder as well. 

Besides the methodological issues that restrict the conclusions that can be 

drawn from our findings, some remarks need to be taken into account when 

evaluating the model and the proposed extension. Obviously, the model is highly 



 

P
ag

e 
1

4
6

 
 

 
 

   
C

h
ap

te
r 

7
 

abstract, as the various brain areas discussed cannot be thought of as distinct, 

since they function as a highly overlapping and interacting circuit
25

. Also, 

dopamine transmission is certainly not the sole underlying factor for neural 

dysfunction in bipolar disorder, and it is plausible that the primary abnormality 

does not lie within the dopamine trajectory, but upstream in other structures and 

systems
1
. For instance, research suggests that anomalies in the dopamine system 

of patients with psychotic disorder is a consequence of primary prefrontal cortex 

dysfunction, and dopamine dysregulation is mainly regarded as a final common 

pathway to psychosis
50,51

. This possibility is underlined by multiple findings 

reported in current literature, such as the fact that Δ9

TCH and other cannabinoids 

exert effects on the release of various neurotransmitters apart from dopamine 

(e.g., L-glutamate, GABA, noradrenaline, 5HT and acetylcholine
38

), as well as the 

fact that a substantial proportion of patients with schizophrenia are treatment 

resistant to dopamine blocking neuroleptics
52

. Also, the influence of glutamate 

dysregulation is not yet clear, but a substantial role of this neurotransmitter has 

been suggested, in interaction with dopamine dysfunction
52

.   

 Reviewing our results and the proposed extensions to the dopamine 

model yielded many hypotheses, due to the limited research conducted in this 

field and the early stage of the proposed model. As repeatedly stated, our 

epidemiological designs were not appropriate for making a substantiated 

contribution to the development of a disease model, so suggestions for further 

research could be extensive. However, we would like to restrict our suggestions to 

two relevant but challenging ideas. 

 First, neuroimaging studies could shed light on the type and extend of 

any dopamine dysfunction in patients with bipolar disorder. The limited brain 

imaging research that is available from bipolar patient populations usually 

involves small samples sizes and needs replication
1
. One interesting design would 

be to investigate patients with bipolar disorder, their unaffected monozygotic and 

dizygotic twins and healthy monozygotic and dizygotic twins without any 

psychiatric history serving as control group. Using PET imaging, subjects should 

perform neuropsychological tests that are representative of frontal lobe 

functioning. Among multiple measures of interest are the dopamine synaptic 

availability and dopamine binding activity. By including unaffected twins and a 

healthy control group, one could additionally gain insight into genetic risk. In case 

abnormalities are found for patients with bipolar disorder, it would be valuable to 
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study whether these abnormalities vary with fluctuations in symptom presence 

during the course of their illness.  

 Second, salience attribution is a new and promising line of approach in 

research of various psychiatric illnesses. In Chapter 2 we suggested that affective 

dysregulation within a general population cohort may contribute causally to the 

persistence and clinical relevance of psychotic symptoms, potentially by 

facilitating a mechanism of aberrant salience attribution. Unfortunately, no direct 

measures of neurological and cognitive processes were included in this study. The 

second suggestion for further research would therefore involve the interplay 

between the three core symptoms of bipolar disorder (mania, depression and 

psychosis) and cognition on both neuronal and behavioral level.  

The elegant study design employed by Murray and colleagues
53

 should 

serve as a model; they demonstrated an abnormal physiological response in the 

midbrain and striatum, measured through fMRI, associated with increased 

difficulty to discriminate between motivationally salient and neutral stimuli in 

first episode psychotic patients compared to healthy controls
53

. This way, a 

disturbance in salience attribution was linked to disturbed activity in brain 

structures that are essential in learning stimulus-outcome associations. Although 

the involvement of dopamine was speculated upon
53

, as salience attribution is 

suggested to be mediated by dopamine activity
54

, no direct measurement of 

dopamine activity was included in this design.  

 Future research should employ a similar reward conditioning 

experiment, combining both fMRI measurement and PET imaging to additionally 

gain insight into dopamine activity in midbrain and striatum regions associated 

with psychotic symptoms. Of special interest would be the effect of co-occurring 

affective dysregulation on these behavioral and physiological abnormalities as 

well as dopamine activity. An important assumption in this design would be that 

the effects of psychotic symptoms on dopamine level are roughly similar 

regardless of the clinical diagnosis of a patient, as the origin of these specific 

symptoms are likely to have followed the same developmental path of symptom 

formation. Therefore, the ideal sample under investigation should be: i) patients 

with non-affective psychotic disorder; ii) bipolar patients with current mania 

symptoms in the absence of psychotic symptoms; iii) bipolar patients with co-

occurring (current) mania and psychotic symptoms and iv) a matched healthy 

control group. This research design could potentially answer multiple research 

questions such as: i) is the association between behavioral and physiological 
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abnormalities found by Murray and colleagues
53

 substantiated by a disturbance in 

dopamine activity in the specified brain regions?; ii) is this finding specific for 

first episode psychotic patients, or generally linked to psychosis regardless of the 

clinical diagnosis?; iii) does co-occurring affective dysregulation influence the 

disturbance on behavioral, physiological and neurotransmitter level?; iv) as an 

association was found between the severity of mania symptoms and emotional 

salience attribution
55

, are these patients similarly affected on a behavioral, 

physiological and neurotransmitter level in the absence of psychotic symptoms?  

 

In conclusion, we investigated the nature of co-existent clinical and subclinical 

symptoms, illness characteristics and factors influencing the short-term and long-

term course of bipolar illness. With the results presented in this thesis as well as 

the proposed model and suggestions for further research, we are confident that a 

useful contribution to scientific research in the field of bipolar disorder is made. 
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Bipolar disorder (BD), also known as manic depressive illness, is a chronic disease, 

associated with episodic extremes in mood, with a prevalence rate of about 1-

1.5%. The term BD covers a spectrum of disorders of diverging severity with a 

highly variable course. The most frequently studied subtype is BD type I, usually 

characterized by an alternation of manic and depressive episodes. Psychotic 

symptoms are frequently experienced by patients with BD, usually during the 

manic phase. BD may have devastating effects on many aspects of the patient’s 

life including but not limited to social and cognitive functioning, with high life-

time suicide rates. The course of the illness is influenced by a large range of 

internal and external factors, some of them related to the illness itself. 

Observational cohort studies are useful tools to provide valuable information on 

the effect of naturalistic variations in exposure to a large range of factors on the 

individual symptoms and the overall course of the illness. 

 The main objective of this thesis was to investigate the nature of BD-

related symptoms on two levels; i) on a subclinical level, we wished to investigate 

the effect of affective dysregulation on the presence, course and impact of reality 

distortion; ii) on a clinical level, we wished to investigate illness characteristics 

and factors influencing the short-term and long-term course of bipolar illness. To 

this end, data from two unique European observational studies were employed. 

The European Mania in Bipolar Longitudinal Evaluation of Medication 

(EMBLEM) study, provides up to 2 years follow-up in 3549 patients with BD type 

I. Patients were included when initiating a new treatment for an acute manic or 

mixed episode, at the discretion of the investigator. Ths study design resulted in a 

heterogeneous sample of patients, treated in naturalistic settings, in which real-

life outcome measures such as relapse, (re)hospitalization, social functioning and 

quality of life were studied. In contrast, the Early Developmental Stages of 

Psychopathology (EDSP) study was conducted within the general population. A 

representative population sample of adolescents and young adults (aged 14-24 

years at baseline) living in the Munich area (Germany) was randomly drawn from 

population registers. Subjects were followed up to 10.6 years. Such an 

observational study may provide insight into the distribution of symptoms related 

to psychiatric disorders in the general population, as well as the mechanisms that 

either protect from or facilitate transition to clinical syndromes.  
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Our findings 

The unique EDSP dataset was employed in analyses described in Chapter 2, in 

which associations were investigated between levels of affective dysregulation 

(symptoms of depression and (hypo)mania) and incident psychotic experiences 

within the general population. We found that most psychotic experiences 

occurred in a context of affective dysregulation, and that persistence of psychotic 

experiences was progressively more likely to occur with greater level of 

(hypo)manic symptoms as well as depressive symptoms. Similarly, psychotic 

experiences of clinical relevance were progressively more likely to occur with 

greater level of affective dysregulation. The findings suggested that correlated 

genetic liabilities underlying affective and non-affective psychotic syndromes may 

be expressed as correlated dimensions in the general population. In addition, 

affective dysregulation may contribute causally to the persistence and clinical 

relevance of psychotic experiences, possibly by facilitating a mechanism of 

aberrant salience attribution.  

 The EMBLEM dataset was employed for the analyses described in 

Chapters 3 through 6. Chapter 3 investigates factors that may moderate the speed 

of symptom improvement in acute manic, psychotic and depressive symptoms. 

Although much research has been directed towards clinical and demographic 

predictors at baseline for treatment outcome after 3 months, these studies do not 

take into account the fact that symptom improvement takes place over time. 

Indeed, multiple variables derived from the social and psychopathological context 

were found to moderate the rate of response for manic symptoms, such as greater 

illness severity in the past year, lower age of onset, rapid cycling and social 

adversity. The rate of response of psychotic symptoms was moderated by mania 

and depression scores at baseline, whereas the rate of reduction in depression 

symptoms was not conditional on baseline psychopathology. 

 Chapter 4 describes analyses directed towards the stability over time of 3 

distinct classes of mania, as well as their treatment outcomes. These classes were 

previously extracted from factor analysis; ‘Typical Mania’ (59% of the sample), 

‘Psychotic Mania’ (28%) and ‘Dual Mania’ (13%). A worrisome finding, as 

eligibility criteria applied in randomized controlled trials excludes patients from 

the Dual Mania class (referring to misuse of substances), which may create a gap 

in our knowledge on treatment effectiveness. We found that the 3 classes showed 

substantial stability in the 12 weeks post-baseline in the pattern of associations 

with class-characteristic variables, such as psychosis comorbidity, symptom 
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severity measures, and alcohol as well as substance abuse. Worse social outcomes 

were observed for both Dual and Psychotic Mania. Thus, the identified distinct 

classes are stable and associated with differential treatment outcome. Overall, 

Dual and Psychotic Mania show less favorable outcomes compared to Typical 

Mania.  

 A deleterious effect of cannabis use on treatment outcome has been 

consistently demonstrated for patients with schizophrenia. Despite of the high 

rates of cannabis use in patients with BD, we were one of the first research groups 

to focus on this topic. The analyses described in the fifth chapter focus on the 

influence of cannabis exposure on clinical and social treatment outcome measures 

over the course of 1 year, as well as the effects on these associations of third, 

mediating, variables. Cannabis users were found to be less compliant, with higher 

levels of overall illness severity, mania and psychosis compared to non-users. 

Additionally, cannabis users experienced less satisfaction with life and had a 

lower probability of having a relationship compared to non-users. There was little 

evidence that cannabis-outcome associations were mediated by third variables. 

Overall, an independent impact of cannabis use on psychopathological outcomes 

in patients with BP was apparent, whereas the impact on social outcomes was 

only modest.  

 Movement disorders, in particular tardive dyskinesia, have been 

extensively studied within the context of schizophrenia. Chapter 6 examines 

movement disorders within a bipolar population, another topic that has received 

little attention up till now, even though literature suggests that patients with 

bipolar illness may be more vulnerable for movement disorders compared to 

patients with schizophrenia. Next to the need to gain insight into prevalence and 

incidence rates of tardive movement disorders (i.e., tardive dyskinesia and tardive 

dystonia) within a bipolar population, this topic caught our attention due to its 

suggested association with dopamine activity. Recently, it has been suggested that 

dopamine dysfunction may play a role in BD. Therefore, we conducted an indirect 

examination of this issue, by focusing on associations between dopamine-related 

clinical traits such as bipolar symptoms and prolactin-related adverse effects, 

using tardive movement syndromes as dopamine proxy measure of reference. The 

incidence rate of tardive syndromes was 4.1% over a 2 year follow-up period. 

Incident TDD was independently associated with more severe bipolar symptoms, 

other extrapyramidal symptoms and prolactin-related adverse effects of 
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medication. These findings indirectly support the notion of generalized dopamine 

dysregulation in BD.  

 

Our conclusions 

The broad definition of the general aim of this thesis resulted in diverge 

hypotheses and findings on topics that had not received much attention in 

current literature, providing new insights on course and outcome of bipolar 

symptoms on a subclinical as well as a clinical level. Findings are of practical 

relevance, as they i) identify potential ways to influence course and outcome of 

the illness, given that some factors impacting course and outcome could be 

influenced within the treatment setting (e.g. substance use, social circumstances) 

or ii) at least help create insight into the illness status of individual patients and 

consequently define realistic treatment expectations (e.g. effects of co-morbid 

complexities).  

Aside from the findings from the individual analyses, an unforeseen 

higher-level pattern was noticed within the results; circumspect evidence on a 

potential role of dopamine in the onset and course of bipolar disorder 

accumulated during the course of this research. In Chapter 7, next to providing an 

overview of our results, an attempt is made to interpret our findings within a 

recently postulated dopamine dysfunction model of bipolar disorder, which 

proposes that bipolar disorder is associated with a cyclical dysregulation in 

quantitative dopamine transmission
1
. Our research provided indirect hints 

towards a more widespread dopamine dysfunction within BD than was originally 

proposed by Berk and colleagues
1
. First, we propose an extension to the existent 

model with psychotic symptoms, probably through a similar mechanism on 

dopamine level as was proposed for mania symptoms. This extension was based 

on current literature on the association between psychotic symptoms and 

dopamine dysfunction.  

Next, we hypothesize that BD would be associated with a more general 

dopamine dysfunction. This hypothesis was based on the associations we found 

between various proxy measures of dysfunctional dopamine activity; bipolar 

symptoms, movement disorders and sexual dysfunction. These factors are 

suggested to represent multiple dopamine tracts. Demonstrated associations 

between higher symptom severity and various external factors (i.e., cannabis use 

and social adversity) may provide an indirect confirmation of our hypotheses; it 

has been speculated that these external factors may affect dopamine activity 
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within the same structures that were linked to bipolar symptoms. In conclusion, 

our finding of co-occurrence of various BD related symptoms and adverse effects 

led us to speculate on a generalized dopamine dysfunctional state. This is in line 

with a similar theory in schizophrenia research, where several reports recently 

demonstrated associations between abnormalities in proximity measures of 

multiple dopamine tracts
2,3

. However, our hypotheses on dopamine dysfunction 

in BD should be interpreted with caution; all findings in this thesis were indirect 

indicators and generated within the context of epidemiological research. Proposals 

for further research with suitable designs are described in Chapter 7. 
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De bipolaire stoornis, beter bekend als manisch-depressieve stoornis, is een 

chronische ziekte die gekenmerkt wordt door extreme stemmingen. Ongeveer één 

op de honderd mensen ontwikkelt een bipolaire stoornis gedurende het leven. De 

term bipolaire stoornis verwijst naar een verzameling ziektebeelden die 

verschillen in ernst en een uiteenlopend ziektebeloop hebben. Het meeste 

bekende type bipolaire stoornis, ook wel type 1 genoemd, wordt gekenmerkt door 

een afwisseling van manische en depressieve periodes, al dan niet met 

psychotische symptomen. Tijdens een manische periode heeft een persoon vaak 

een overvloed aan energie, weinig behoefte aan slaap, moeite met concentreren en 

de behoefte om zeer veel te praten, vaak van de hak op de tak. Het gedrag wordt 

tijdens een manische fase vaak omschreven als ‘ontremd’. Daarentegen kan 

iemand tijdens een depressieve periode een sombere stemming ervaren, moeilijk 

genieten van activiteiten waar iemand gewoonlijk wel plezier in heeft, moeite 

hebben om zich ergens toe te zetten en kan men te maken krijgen met 

schuldgevoelens en soms zelfs (ideeën over) zelfdoding. Naast manische en 

depressieve symptomen kan iemand psychotische symptomen ervaren, zoals 

stemmen horen, dingen zien die er niet zijn, het gevoel hebben achtergevolgd te 

worden of dat gedachten worden gelezen door anderen. Psychotische symptomen 

vinden meestal plaats tijdens manische periodes. 

 Een bipolaire stoornis kan een negatieve invloed hebben op verschillende 

aspecten van het leven van patiënten; iemand kan minder of niet meer in staat 

zijn om te werken, de kwaliteit van leven kan sterk verminderen, en het sociaal en 

cognitief functioneren kan aanzienlijk achteruit gaan. De bipolaire stoornis wordt 

geassocieerd met een zeer hoog percentage zelfdoding, dat bijna 28 maal hoger 

ligt dan in de algemene bevolking. 

Middels de onderzoeken in dit proefschrift wilden we symptomen van de 

bipolaire stoornis op 2 nivo’s bestuderen. Ten eerste, op een ‘subklinisch’ nivo, dat 

wil zeggen binnen de algemene bevolking. Binnen de algemene bevolking komen 

manische, depressieve en psychotische symptomen voor, zonder dat iemand hoeft 

te voldoen aan alle criteria van een diagnose bipolaire stoornis of een gerelateerd 

ziektebeeld. Binnen deze context wilden we onderzoeken wat het effect is van 
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manische en/of depressieve symptomen op de aanwezigheid en persistentie van 

psychotische symptomen, en daarnaast op de impact die psychotische symptomen 

hebben op het dagelijks functioneren en mate waarin men hulp zoekt. Ten 

tweede, op een ‘klinisch’ nivo, dat wil zeggen binnen een populatie van patiënten 

die gediagnosticeerd is met een bipolaire stoornis. Binnen deze groep wilden we 

ziektekenmerken en factoren bestuderen die het beloop van het ziektebeeld op 

korte en lange termijn beïnvloeden.  

Men kan veel over het ontstaan van een ziekte, het ziektebeloop en de 

factoren die deze beïnvloeden, te weten komen door grote groepen mensen 

gedurende een lange tijd te volgen. Wanneer hierbij geen interventie wordt 

gepleegd, zoals bijvoorbeeld het geven van nieuwe medicatie, wordt dit een 

observationeel onderzoek genoemd; er worden enkel gegevens verzameld 

gedurende een lange periode. Om onze onderzoeksvragen te beantwoorden 

konden we beschikken over de gegevens die waren verzameld binnen het kader 

van twee grote Europese observationele studies. In de EMBLEM studie (European 

Mania in Bipolar Longitudinal Evaluation of Medication) zijn 3549 patiënten met 

een bipolaire stoornis tot 2 jaar lang gevolgd, nadat zij nieuwe medicatie 

voorgeschreven hadden gekregen voor de behandeling van een acute manische 

periode. Hierdoor ontstond een zeer gevarieerde groep patiënten met 

uiteenlopende bijkomende stoornissen, zoals verslaving of angststoornissen, en 

grote verschillen in het ziektebeloop. Binnen deze groep werd onder andere 

informatie verzameld over het eventuele terugkeren van symptomen, 

ziekenhuisopnames, sociaal functioneren en de kwaliteit van leven. 

 De andere grote Europese studie, de EDSP (Early Developmental Stages of 

Psychopathology) is uitgevoerd in de algemene bevolking. De onderzoeksgroep 

was een representatieve steekproef van adolescenten en jongvolwassenen, van 14 

tot 24 jaar bij start van de studie, wonend in München en omstreken. Deze groep 

werd tot 10.6 jaar gevolgd. Een observationele studie in de algemene bevolking 

kan inzicht geven in het bestaan van symptomen die gerelateerd zijn aan 

psychiatrische ziektebeelden, alsook de mechanismen die mensen beschermen of 

juist kwetsbaar maken voor het ontwikkelen van een psychiatrische stoornis. 
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Onze bevindingen 

De EDSP studie is gebruikt voor de analyses in hoofdstuk 2, waarbij associaties 

zijn onderzocht tussen de mate van manische en/of depressieve symptomen en 

psychotische symptomen die binnen de algemene bevolking voorkwamen. We 

vonden dat de meeste psychotische symptomen voorkwamen in de aanwezigheid 

van manische en/of depressieve symptomen. Daarnaast vonden we dat de 

persistentie en de impact van psychotische symptomen groter waren naarmate er 

meer manische en/of depressieve symptomen aanwezig waren. Deze bevindingen 

suggereren dat psychotische, manische en depressieve symptomen mogelijk een 

genetische vatbaarheid delen, ook binnen de algemene bevolking. Daarnaast is het 

mogelijk dat de aanwezigheid van manische en/of depressieve symptomen de 

oorzaak zijn van de persistentie en impact van psychotische symptomen, 

bijvoorbeeld middels een afwijkende manier van toekennen van emotionele 

relevantie aan gebeurtenissen. 

 Voor de analyses in hoofdstukken 3 tot en met 6 is de EMBLEM studie 

gebruikt. Het derde hoofdstuk onderzoekt factoren die de snelheid van 

symptoomverbetering kunnen beïnvloeden. Tot op heden is er veel onderzoek 

gedaan naar voorspellende factoren van symptoomverbetering na 3 maanden 

behandeling, maar deze studies negeren wat er tussen start- en eindpunt gebeurt. 

Verschillende factoren binnen de sociale en psychopathologische context bleken 

de snelheid van het verbeteren van manische symptomen negatief te beïnvloeden, 

zoals een algemeen ernstiger ziektebeeld in het voorgaande jaar, het ontstaan van 

de ziekte op jongere leeftijd, ongunstige sociale omstandigheden en een ‘rapid 

cycling’ patroon (hierbij ervaart een patiënt minstens 4 periodes van manie of 

depressie per jaar). De snelheid waarmee psychotische symptomen verbeterden 

werd beïnvloed door de ernst van manische en depressieve symptomen op 

baseline, terwijl de snelheid waarmee depressieve symptomen verbeterde niet 

beïnvloed werd door de ernst van manische en psychotische symptomen op 

baseline. 
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In hoofdstuk 4 worden 3 separate groepen van manische patiënten onderzocht, 

die in eerder onderzoek werden onderscheiden op basis van factor analyse op 

baseline (hierbij worden groepen onderscheiden die sterk worden gekenmerkt 

door een klein aantal individuele symptomen of factoren). Eén van deze groepen 

werd gekenmerkt door het gebruik van verslavende middelen zoals alcohol, 

cannabis en andere drugs. Deze groep wordt doorgaans uitgesloten van onderzoek 

naar nieuwe geneesmiddelen, waardoor het interessant is om te testen of het 

onderscheid tussen deze groepen na 12 weken nog steeds bestaat, en of de 

groepen verschillen in behandelresponse laten zien. Het onderscheid tussen de 

groepen bleek inderdaad stabiel gedurende 12 weken behandeling. Daarbij 

reageerden 2 groepen significant slechter op de behandeling ten opzichte van de 

derde groep, waardoor deze bevinding relevant is binnen de dagelijkse 

behandelpraktijk. 

 Het is al langere tijd bekend dat het gebruik van cannabis een negatief 

effect heeft op het ziektebeloop van schizofrenie, een ziektebeeld dat op 

verschillende aspecten overlapt met de bipolaire stoornis. Ondanks dat cannabis 

frequent wordt gebruikt door patiënten met een bipolaire stoornis, is er weinig 

onderzoek gedaan naar een eventueel effect. In hoofdstuk 5 wordt getest wat de 

invloed is van cannabisgebruik op de klinische behandeluitkomst en sociale 

omstandigheden 1 jaar na de start van behandeling van een manische periode. 

Manische en psychotische symptomen waren ernstiger bij cannabisgebruikers, en 

zij bleken minder therapietrouw dan patiënten die geen cannabis gebruikten. 

Cannabisgebruikers waren daarnaast minder tevreden met hun leven en hadden 

minder vaak een relatie. Deze effecten van cannabisgebruik waren onafhankelijk 

van andere aspecten zoals leeftijd of gebruik van alcohol en andere drugs. 

Kortom, we vonden een onafhankelijk effect van cannabisgebruik op 

psychopathologie terwijl het effect op de sociale omstandigheden beperkt was. 

 Bewegingsstoornissen kunnen als bijwerking van antipsychotica 

optreden, welke worden voorgeschreven ter behandeling van schizofrenie en de 

bipolaire stoornis. Bij patiënten met schizofrenie zijn deze stoornissen uitgebreid 

onderzocht. Ondanks dat patiënten met een bipolaire stoornis mogelijk gevoeliger 
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zijn voor deze stoornissen is er weinig onderzoek naar dit onderwerp gedaan. Uit 

onze analyse, beschreven in hoofdstuk 6, bleek dat de frequentie inderdaad hoog 

is: 1 op de 25 patiënten ontwikkelden gedurende 2 jaar specifieke 

bewegingsstoornissen, namelijk tardive dyskinesie en tardive dystonie. Ook 

waren we geïnteresseerd in welke mate deze bewegingsstoornissen geassocieerd 

waren met zowel symptomen van de bipolaire stoornis als specifieke ongewenste 

bijwerkingen zoals seksueel disfunctioneren. Dit wilden we onderzoeken in het 

kader van een recent gepubliceerd model dat stelt dat dopamine disfunctie op 

specifieke locaties in het brein ten grondslag ligt aan de manische en depressieve 

symptomen van de bipolaire stoornis
1
. Ook bewegingsstoornissen en seksuele 

functiestoornissen worden geassocieerd met dopamine disfunctie, in twee andere 

dopaminebanen in de hersenen. Associaties tussen bewegingsstoornissen 

enerzijds en symptomen van de bipolaire stoornis en ongewenste bijwerkingen 

anderzijds zou een indicatie kunnen zijn van een brede dopamine disfunctie, 

waarbij meerdere dopaminebanen betrokken zijn. Onze bevindingen bevestigen 

inderdaad deze hypothese; het ontwikkelen van bewegingsstoornissen bleek 

geassocieerd met ernstigere manische, psychotische en depressieve symptomen 

en seksuele functiestoornissen.  

 

Onze conclusies 

De brede definitie van de doelstelling van dit proefschrift resulteerde in 

uiteenlopende hypotheses en bevindingen op onderwerpen die tot op heden 

weinig aandacht hebben genoten in de wetenschappelijke literatuur. De 

bevindingen hebben nieuwe inzichten gegeven in het beloop van bipolaire 

symptomen, zowel op klinisch als subklinisch nivo. Onze resultaten zijn praktisch 

relevant, aangezien ze 1) potentiële manieren aanreiken om het ziektebeloop en 

de behandeluitkomsten te beïnvloeden, aangezien sommige factoren die impact 

hebben op het beloop en de uitkomst beïnvloedbaar kunnen zijn binnen de 

behandeling, zoals sociale omstandigheden of drugsgebruik; 2) in ieder geval 

helpen bij het creëren van inzicht in de status van individuele patiënten en het 
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definiëren van realistische behandeldoelen, door bijvoorbeeld rekening te houden 

met complicerende factoren als cannabisgebruik. 

 Naast de resultaten uit de individuele analyses, viel ons een onverwacht 

patroon op in de bevindingen; de resultaten leken indirect te wijzen op een 

mogelijke rol van dopamine bij het ontstaan en het beloop van bipolaire 

symptomen. In hoofdstuk 7 wordt, naast een overzicht van onze resultaten, een 

poging ondernomen om onze bevindingen te interpreteren binnen de eerder 

genoemde dopamine theorie voor de bipolaire stoornis
1
. Ten eerste stelden we een 

uitbreiding voor van de bestaande dopamine theorie door psychotische 

symptomen toe te voegen. Hierbij lijkt het aannemelijk dat er een soortgelijk 

mechanisme op dopamine nivo ten grondslag ligt aan het ontstaan van 

psychotische symptomen zoals beschreven is voor manische symptomen
1
, gezien 

de bestaande literatuur over de rol van dopamine bij psychotische symptomen. 

 Zoals eerder beschreven, waren we geïnteresseerd in het concept van een 

brede dopamine disfunctie geassocieerd met de bipolaire stoornis. Inderdaad 

vonden we associaties tussen verschillende symptomen en bijwerkingen waarvan 

wordt aangenomen dat ze een zekere mate van dopamine disfunctie 

representeren in verschillende dopaminebanen in de hersenen. Daarnaast vonden 

we, met name in de analyses van hoofdstuk 3 en 5, associaties tussen een hogere 

ernst van symptomen en een aantal externe factoren zoals cannabisgebruik en 

sociale omstandigheden. Van deze externe factoren is ook in de wetenschappelijke 

literatuur gesuggereerd dan wel gedemonstreerd dat ze een specifieke invloed 

kunnen hebben op dopamine activiteit in het brein. Een dergelijke theorie over 

een brede dopamine disfunctie is gesuggereerd met betrekking tot schizofrenie; 

verschillende onderzoeksgroepen rapporteerden associaties tussen 

bewegingsstoornissen enerzijds en psychotische symptomen en seksueel 

disfunctioneren anderzijds
2,3

. Echter, gezien het feit dat alle bevindingen in dit 

proefschrift wat betreft de rol van dopamine disfunctie in de ontwikkeling en het 

beloop van bipolaire symptomen van indirecte aard zijn, dienen deze hypothesen 

met de nodige kanttekeningen geïnterpreteerd te worden. Suggesties voor 
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geschikte studiedesigns en hypotheses om dit onderwerp op de juiste wijze te 

onderzoeken worden beschreven in hoofdstuk 7. 
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Aan het einde van de rit hoort er nog even teruggeblikt te worden. 
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puzzelstukjes pas in een late fase binnen een dopamine theorie op zijn plek. Het 

lijkt me geweldig om dit verder uit te bouwen! Dank voor je begeleiding, en ik 

vond het mooi om te zien hoeveel geluk en energie je uit je werk en je gezin haalt. 

 Maarten, je vond het een sport om me te challengen op de eerste 3 

papers, waarbij je betrokken was. Gestart als copromotor in spe, maar je carrière 

in het bedrijfsleven kreeg voorrang. Vanaf de zijlijn heb je altijd nog interesse 

getoond, en was je nooit te beroerd voor een lesje diplomatiek handelen (helaas –

nog steeds- niet aan mij besteed). Leuk dat we elkaar privé niet uit het oog zijn 

verloren!  

 Rudolf van Olden & Rob Kroes, dank voor het faciliteren van dit 

promotietraject bij Lilly. En Rudolf, je grijnzende opmerking ‘Geen 

promotieonderzoek zonder frustratie, dit is geweldig!’ wanneer er weer eens een 

paper was afgewezen bij een tijdschrift, sloeg de spijker op z’n kop en bleek een 
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 Wanneer je enkel werkt met een enorme dataset en zelf geen patiënten 

behandelt, loop je het risico je blind te staren op gegevens en resultaten, waardoor 

je soms vergeet dat het om levensechte patiënten gaat en de resultaten 

daadwerkelijk meerwaarde kunnen hebben voor individuen. Elise Knoppert, ik 

heb veel bewondering en respect voor de manier waarop jij leeft voor je patiënten. 

Jouw passie voor het ziektebeeld heeft me geholpen de context en relevantie van 

dit proefschrift te blijven zien. 
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y vuestro entusiasmo! Catherine Reed and Iris Goetz, thank you for reviewing and 

facilitating the EMBLEM papers. Mari-de-Gracia Dominguez, our collaboration 

was short but very successful! 

 (Ex-)Lilly mensen, bedankt voor de getoonde interesse en gezelligheid! In 

het bijzonder natuurlijk Monique en Emily. Monique, je bent een enorm sterke 

vrouw, ik heb veel respect voor hoe jij in het leven staat. Ik hoop dat het geluk je 

toe zal lachen, dat heb je inmiddels meer dan verdiend! Emily (wortel), onze 

cynische humor matcht ook heel goed zonder Irish Coffee. Goed om te zien dat je 

je draai de afgelopen jaren echt hebt gevonden! Meiden, bedankt voor de steun en 

gezelligheid! 

 Sabien, die squashballen hebben het zwaar te voorduren gehad in de 

afgelopen jaren, deze onveilige traditie moet zeker weer worden opgepakt zodra 

de zwangere buiken en naweeën achter de rug zijn. Ondanks dat onze 

vriendschap gedurende 10 jaar verschillende intensiteiten heeft gekend, zullen we 

elkaar nooit uit het oog verliezen.  

 Bas, Marleen, Jasja & Silvia; de vaste gezelligheidsfactor in ons leven. 

Drie trouwerijen, 2 promoties, vele diploma´s, 1 kindje, 2 vogels, 3 katten, 4 

honden, 9 huizen, van tequila’s in Mexico tot krodillenstaart in Kenia, van 

gekneusde billen in Oostenrijk tot de consequenties van een kipspiesje in de 

Turkse zon, eindeloos veel weekendjes met veel te veel honden, we hebben het 

allemaal meegemaakt. Bas, we hebben er inmiddels ruim 17 jaar vriendschap op 

zitten, echt die sok. Top dat je wilt paranimfen! 

 Diana, Erik, Kaylee & Josephine, dank voor de afleiding, gezelligheid en 

natuurlijk het heerlijke eten! Ik kan iedereen die van lekker eten houdt oprecht 

aanraden een Indonesische familie in te trouwen :-) Fijn dat jullie mijn 

Mediterrane compensatiepogingen dapper doorstaan (en vervolgens rijst met hete 

kip klaarmaken). 

 Pap, mam & Leon, met erg rommelige jaren achter de rug hoop ik dat 

jullie wat meer rust zullen vinden. Jullie plaatsvervangende stress van dit 

proefschrift valt gelukkig bij deze weg, zodat jullie je volledig kunnen storten op 

de nieuwe rollen als opa, oma en suikeroom, en gewoon lekker genieten! Lee, goed 

om je als paranimf naast me te hebben! 

 Boaz & Peer, jullie hypomane afleidingtechnieken waren nuttig om het 

hoofd met regelmaat leeg te maken, maar bleken niet succesvol gezien dit 



 

P
ag

e 
1

6
9

 
 

 
D

an
k

w
o

o
rd

 

eindresultaat. Milo en Odin…., tja, als jullie niet genoemd worden krijg ik ruzie 

met jullie baas. 

 Lieve Lise, iedere dag ben ik er opnieuw van overtuigd dat het niet leuker 

kan worden dan dit, en elke volgende dag bewijs je me weer het tegendeel. Ik zal 

ontzettend van jou en jouw ontwikkelingen blijven genieten, en hoop dat je trots 

zal zijn op het leven dat je zal leiden en de keuzes die je maakt.  

 Ferry, de laatste woorden zijn voor jou. Jij hebt me laten realiseren hoe 

belangrijk het is om bepaalde doelen in het leven zo hoog mogelijk te stellen en 

hier volledig voor te gaan. Ik betwijfel of ik dezelfde keuzes had gemaakt zonder 

jou aan mijn zij. Je eeuwige geduld is eindelijk beloond, vooral in de vorm van 

Lise. Nu we beiden onze ‘eigen’ projecten hebben afgerond, kunnen we ons 

volledig storten op onze fantastische gezamenlijke creatie. Ik geniet van ons leven 

samen, dikke beso. 
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