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CHAPTER  1

General introduction  

 

 
 



 

 
 

 In our daily lives, we encounter many emotional events, leading to changes in 

our emotional state. Although our emotions fluctuate, most of us have the ability to 

control our emotions to a proper level, which refers to an ability of emotion regulation 

(ER). Problems during ER are seen in patients with different psychiatric disorders, 

including bipolar disorder (BD), schizophrenia (SZ) and major depressive disorder 

(MDD). One of the severe consequences of dysfunctional ER in the situation of 

emotionally overwhelming events could be committing suicide. Suicidality is a severe 

symptom in many psychiatric disorders, but particularly associated with depression. 

In the first part of the present thesis, we investigated the neural correlates underlying 

ER and suicidal behavior/ideation in psychiatric patients.  

 Furthermore, in the second part of this thesis the neural correlates during self-

reflective processing in BD and SZ were investigated. Self-reflection refers to the 

cognitive process to judge whether certain information, for instance traits and 

attitudes, are related to the self or not (van der Meer et al., 2010). This ability of 

reflection on the self helps people to make insight in the social positioning of the self 

in relationship to others. This may be of importance for social cognition, because 

reflection on the self may be associated with inference of other’s information (e.g., 

intentions), especially close others (Mitchell et al., 2005). Self-reflection has indeed 

been associated with social functioning and quality of life (Dimaggio et al., 2008; 

Lysaker et al., 2005). Problems with self-processing are common in BD patients 

(Ghaznavi and Deckersbach, 2012; Lyon et al., 1999) and SZ patients (Holt et al., 

2011; Murphy et al., 2010; van der Meer et al., 2013). In part II of this thesis, we tried 

to unravel the neural correlates underlying self-reflection in patients with BD and SZ, 

which might provide insight in the shared and unique neural mechanisms between 

these two disorders during self-processing.  

 

Psychiatric disorders 
 In this thesis, we investigated two common mood disorders (i.e., BD and 

MDD) and schizophrenia (SZ). These disorders have been shown to be leading 

contributors to global burden of diseases (Whiteford et al., 2013), not only resulting in 

burden for patients themselves (e.g., problems of functioning in occupations and 

interpersonal relationships, emotional pain), but also for family members (e.g., 

psychological stress) and society (e.g., direct financial costs of medical care and 

indirect costs due to unproductivity and loss of work).  

 

 
 

 In order to classify a syndrome of symptoms as BD, according to the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) (American 

Psychiatric Association, 1994), patients have to have experienced different emotional 

episodes, including at least one manic or hypomanic episode and often experienced 

one or several major depressive episode(s) (Table 1). The present thesis focused on 

BD I and BD II, which requires presence of at least one manic episode or only one or 

more hypomanic episode(s), respectively. Notably, mood disturbances are a common 

feature across episodes, indicating an essential role of ER in BD (Phillips et al., 

2003b). SZ is characterized by a range of symptoms, including positive psychotic 

symptoms (hallucinations and delusions), negative symptoms (e.g., flat affect) and/or 

disorganized (verbal) behavior (Table 2). In addition, for the diagnosis of MDD, 

presence of at least one major depressive episode is required (Table 1), which 

should not be explained by other psychiatric disorders (e.g., schizophrenia, 

schizoaffective disorder, schizophreniform disorder).  

 Currently, there is a discussion in the literature whether BD and SZ are two 

separate disorders or two variations on the same disorder continuum. Both 

similarities and discrepancies between BD and SZ have been reported in the 

literature. Similarities include shared risk genes, psychotic and emotional symptoms, 

impaired cognitive and social functioning, and brain structural alterations (Arnone et 

al., 2009; International Schizophrenia Consortium et al., 2009; Lichtenstein et al., 

2009; Rowland et al., 2013a; Schretlen et al., 2007). On the other hand distinctions 

have also been highlighted, in the first place in clinical presentation as recognized by 

their separate classification in all editions of the DSM (American Psychiatric 

Association, 1994) and in cognitive (Krabbendam et al., 2005) and neurobiological 

differences (Schnack et al., 2014). In the present thesis, we tried to shed more light 

on the comparison between BD and SZ, from the perspective of ER and self-

reflective processing.  

 

Table 1 Diagnostic criteria for episodes of bipolar disorder (reproduced from the 

DSM-IV) 
Diagnostic criteria for Major Depressive Episode 

A. Five (or more) of the following symptoms have been present during the 

same 2-week period and represent a change from previous functioning; at 
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least one of the symptoms is either (1) depressed mood or (2) loss of 

interest or pleasure. Note: Do not include symptoms that are clearly due to 

a general medical condition, or mood-incongruent delusions or 

hallucinations. 

 1. Depressed mood most of the day, nearly every day, as indicated by 

either subjective report (e.g., feels sad, empty, or hopeless) or 

observation made by others (e.g., appears tearful). (Note: In children 

and adolescents, can be irritable mood.) 

2. Markedly diminished interest or pleasure in all, or almost all, activities 

most of the day, nearly every day (as indicated by either subjective 

account or observation). 

3. Significant weight loss when not dieting or weight gain (e.g., a change of 

more than 5% of body weight in a month), or decrease or increase in 

appetite nearly every day. (Note: In children, consider failure to make 

expected weight gain.) 

4. Insomnia or hypersomnia nearly every day. 

5. Psychomotor agitation or retardation nearly every day (observable by 

others; not merely subjective feelings of restlessness or being slowed 

down). 

6. Fatigue or loss of energy nearly every day. 

7. Feelings of worthless or excessive or inappropriate guilt (which may be 

delusional) nearly every day (not merely self-reproach or guilt about 

being sick). 

8. Diminished ability to think or concentrate, or indecisiveness, nearly every 

day (either by subjective account or as observed by others). 

9. Recurrent thoughts of death (not just fear of dying), recurrent suicidal 

ideation without a specific plan, or a suicide attempt or a specific plan for 

committing suicide. 

B.  The symptoms do not meet criteria for a Mixed Episode. 

C. The symptoms cause clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 

D. The episode is not attributable to the physiological effects of a substance 

(e.g., a drug of abuse, a medication) or a general medical condition (e.g., 

 

 
 

hypothyroidism).  

E. The symptoms are not better accounted for by Bereavement, i.e., after the 

loss of a loved one, the symptoms persist for longer than 2 month or are 

characterized by marked functional impairment, morbid preoccupation with 

worthlessness, suicidal ideation, psychotic symptoms, or psychomotor 

retardation. 

Diagnostic criteria for Manic Episode 

A. A distinct period of abnormally and persistently elevated, expansive, or 

irritable mood, lasting at least 1 week (or any duration if hospitalization is 

necessary). 

B. During the period of mood disturbance, three (or more) of the following 

symptoms have persisted (four if the mood is only irritable) are have been 

present to a significant degree:  

1. Inflated self-esteem or grandiosity; 

2. Decreased need for sleep (e.g., feels rested after only 3 hours of sleep); 

3. More talkative than usual or pressure to keep talking; 

4. Flight of ideas or subjective experience that thoughts are racing; 

5. Distractibility (i.e., attention too easily drawn to unimportant or irrelevant 

external stimuli); 

6. Increase in goal-directed activity (either socially, at work or school, or 

sexually) or psychomotor agitation; 

7. Excessive investment in activities that have a high potential for painful 

consequences (e.g., engaging in unrestrained buying sprees, sexual 

indiscretions, or foolish business investments). 

C. The symptoms do not meet criteria for a Mixed Episode. 

D. The mood disturbance is sufficiently severe to cause marked impairment in 

occupational functioning or in usual social activities or relationships with 

others, or to necessitate hospitalization to prevent harm to self or others, or 

there are psychotic features. 

E. The symptoms are not due to the direct physiological effects of a 

substance (e.g., a drug of abuse, a medication, or other treatment) or a 

general medical condition (e.g., hyperthyroidism).  

Note: Manic-like episodes that are clearly caused by somatic antidepressant 
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treatment (e.g., medication, electroconvulsive therapy, light therapy) should not 

count toward a diagnosis of Bipolar I Disorder. 

Diagnostic criteria for Hypomanic Episode 

A. A distinct period of abnormally and persistently elevated, expansive, or 

irritable mood, lasting at least 4 days, that is clearly different from the usual 

nondepressed mood. 

B. During the period of mood disturbance, three (or more) of the following 

symptoms (four if the mood is only irritable) have persisted and have been 

present to a significant degree: 

1. Inflated self-esteem or grandiosity. 

2. Decreased need for sleep (e.g., feels rested after only 3 hours of sleep). 

3. More talkative than usual or pressure to keep talking. 

4. Flight of ideas or subjective experience that thoughts are racing. 

5. Distractibility (i.e., attention too easily drawn to unimportant or irrelevant 

external stimuli). 

6. Increase in goal-directed activity (either socially, at work or school, or 

sexually) or psychomotor agitation. 

7. Excessive involvement in pleasurable activities that have a high potential 

for painful consequences (e.g., the person engages in unrestrained 

buying sprees, sexual indiscretions, or foolish business investments). 

C. The episode is associated with an unequivocal change in functioning that is 

uncharacteristic of the person when not symptomatic. 

D. The disturbance in mood and the change in functioning are observable by 

others. 

E. The episode is not severe enough to cause marked impairment in social or 

occupational functioning, or to necessitate hospitalization, and there are no 

psychotic features.  

F. The symptoms are not due to the direct physiological effects of a 

substance (e.g., a drug of abuse, a medication, or other treatment) or a 

general medical condition (e.g., hyperthyroidism). 

Note: Hypomanic-like episodes that are clearly caused by somatic antidepressant 

treatment (e.g., medication, electroconvulsive therapy, light therapy) should not 

count toward a diagnosis of Bipolar II Disorder. 

 

 

 
 

Table 2 Diagnostic criteria for schizophrenia (reproduced from the DSM-IV) 
Diagnostic criteria for schizophrenia 

A. Characteristic symptoms: Two (or more) of the following, each present for 

a significant portion of time during a 1-month period (or less if successfully 

treated): 

1. Delusions; 

2. Hallucinations; 

3. Disorganized speech (e.g., frequent derailment or incoherence); 

4. Grossly disorganized or catatonic behavior; 

5. Negative symptoms, i.e., affective flattening, alogia, or avolition.  

Note: Only one Criterion A symptom is required if delusions are bizarre or 

hallucinations or hallucinations consist of a voice keeping up a running 

commentary on the person’s behavior or thoughts, or two or more voices 

conversing with each other.  

B.  Social/occupational dysfunction: For a significant portion of the time since 

the onset of the disturbance, one or more major areas of functioning such 

as work, interpersonal relations, or self-care are markedly below the level 

achieved prior to the onset (or when the onset is in childhood or 

adolescence, failure to achieve expected level of interpersonal, academic, 

or occupational achievement). 

C. Duration: Continuous signs of the disturbance persist for at least 6 months. 

This 6-month period must include at least 1 month of symptoms (or less if 

successfully treated) that meet Criterion A (i.e., active-phase symptoms) 

and may include periods of prodromal or residual symptoms. During these 

prodromal or residual periods, the signs of the disturbance may be 

manifested by only negative symptoms or two or more symptoms listed in 

Criterion A present in an attenuated form (e.g., odd beliefs, unusual 

perceptual experiences). 

D. Schizoaffective and Mood Disorder exclusion: Schizoaffective Disorder and 

Mood Disorder with psychotic features have been ruled out because either 

(1) no Major Depressive, Manic, or Mixed Episodes have occurred 

concurrently with the active-phase symptoms; or (2) if mood episodes have 

occurred during active-phase symptoms, their total duration has been brief 
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the onset of the disturbance, one or more major areas of functioning such 

as work, interpersonal relations, or self-care are markedly below the level 

achieved prior to the onset (or when the onset is in childhood or 

adolescence, failure to achieve expected level of interpersonal, academic, 

or occupational achievement). 

C. Duration: Continuous signs of the disturbance persist for at least 6 months. 

This 6-month period must include at least 1 month of symptoms (or less if 

successfully treated) that meet Criterion A (i.e., active-phase symptoms) 

and may include periods of prodromal or residual symptoms. During these 

prodromal or residual periods, the signs of the disturbance may be 

manifested by only negative symptoms or two or more symptoms listed in 

Criterion A present in an attenuated form (e.g., odd beliefs, unusual 

perceptual experiences). 

D. Schizoaffective and Mood Disorder exclusion: Schizoaffective Disorder and 

Mood Disorder with psychotic features have been ruled out because either 

(1) no Major Depressive, Manic, or Mixed Episodes have occurred 

concurrently with the active-phase symptoms; or (2) if mood episodes have 

occurred during active-phase symptoms, their total duration has been brief 
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relative to the duration of the active and residual periods.   

E. Substance/general medical condition exclusion: The disturbance is not due 

to the direct physiological effects of a substance (e.g., a drug of abuse, a 

medication) or a general medical condition. 

F. Relationship to a Pervasive Developmental Disorder: If there is a history of 

Autistic Disorder or another Pervasive Developmental Disorder, the 

additional diagnosis of Schizophrenia is made only if prominent delusions 

or hallucinations are also present for at least a month (or less if 

successfully treated). 

 

Emotion regulation 
 BD and SZ have both shared (e.g., depressed mood) and distinct (elevated 

mood in BD, while flat affect in SZ) emotional symptoms, implying variations in ER. 

Studies investigating mechanisms underlying ER in BD and SZ patients may enable 

us with a better understanding of their emotional symptomatology.  

Gross and Thompson (2007) proposed that emotion generation is composed 

of four steps, including attending to a situation, directing attention to certain cue(s), 

appraising the meaning of cue(s), and giving emotional responses in response to 

appraised cues (e.g., facial expression and physiological response). Depending on 

whether ER happens before or after emotional responses have been generated, ER 

strategies could be classified in antecedent-focused and response-focused 

strategies, respectively (Gross, 2001). In the present thesis, we were specifically 

interested in the antecedent-focused strategy reappraisal. Reappraisal is defined as 

reinterpreting the meaning of the stimulus to change its emotional intensity and 

connotation (Gross, 2001; Gross, 2002; Gross and John, 2003), and has been shown 

to be an adaptive ER strategy (Gross, 2002). Investigating reappraisal in both BD 

and SZ may provide information on the specific dysfunctions of ER in these 

disorders.           

 Previous studies have shown that compared to healthy individuals BD patients 

need more effort for reappraisal and show less success (Corbalan et al., 2015; 

Gruber et al., 2012; Morris et al., 2012), and SZ patients show less use of reappraisal 

(van der Meer et al., 2009). On the neural level, studies in healthy individuals have 

mainly shown involvement of the lateral and medial prefrontal cortex (PFC), and 

reduced activation in limbic affective areas (e.g., amygdala) (Buhle et al., 2014; 

 

 
 

Diekhof et al., 2011; Kalisch, 2009). In contrast, increased but also decreased lateral 

PFC, as well as elevated amygdala activation during reappraisal have been observed 

in BD patients (Kanske et al., 2015; Morris et al., 2012; Townsend et al., 2013), 

although no activation deviations from healthy individuals have also been reported 

(Corbalan et al., 2015). For SZ patients, more consistent results of reduced 

involvement of the lateral prefrontal PFC compared to healthy individuals are 

reported (Morris et al., 2012; van der Meer et al., 2014). Altogether, previous studies 

demonstrate disturbed ER in BD and SZ patients both on the behavioral and brain 

activation level.   

 The aforementioned studies used functional magnetic resonance imaging 

(fMRI) to measure brain activation. Brain activation is measured as the mean blood-

oxygen-level dependent (BOLD) signal. However, this BOLD signal is orchestrated 

across time, with activation in the prefrontal areas peaking in an early phase and 

activation in the amygdala in a late phase during reappraisal period (Goldin et al., 

2008). It has not yet been investigated when during the full duration of reappraisal 

altered activation occurs in BD and SZ patients. Therefore, important information may 

be gained by investigating the temporal dynamics in addition to the average brain 

activation signal over time (which is done in the traditional general linear models). For 

this purpose, we investigated the temporal dynamics of brain activation during 

reappraisal in BD and SZ patients, which may provide a better understanding of the 

different and aberrant neural mechanisms underlying emotional symptomatology in 

BD and SZ (chapter 2).  

It has been suggested that top-down control from the prefrontal areas to limbic 

affective areas (e.g., amygdala) plays an important role in successful reappraisal 

(Ochsner and Gross, 2005; Ochsner et al., 2012; Phillips et al., 2003a). Indeed, in 

healthy individuals, negative associations between activation in the lateral/medial 

prefrontal cortex and amygdala have been shown (Goldin et al., 2008; Ochsner et al., 

2002; Phan et al., 2005; Urry et al., 2006), while BD patients show disturbed PFC-

amygdala correlations compared to healthy individuals (Kanske et al., 2015; Morris et 

al., 2012; Townsend et al., 2013). Nonetheless, previous studies have not yet 

investigated the suggested directional relationships within the PFC-amygdala circuit 

in BD as compared to HC. Therefore, the aim of chapter 3 was to investigate the top-

down directional relationships from the PFC to amygdala during reappraisal in BD.      
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Suicidal risk 
 Insufficient ability to regulate emotions can be associated with social problems 

and psychological distress, which ultimately affects one’s general well-being. One 

extreme consequence of this could be suicide. Indeed, dysfunctional ER has been 

suggested to play an important role in suicidal processes (Aleman and Denys, 2014; 

Jollant et al., 2011), by which individuals may regard suicide as a way to escape from 

emotional despair (Baumeister, 1990). Patients with a psychiatric disorder account 

for around 90% of people who commit suicide (Harris and Barraclough, 1997), 

especially patients with major depressive disorder (MDD) (Angst et al., 1999). As 

suicide might at one end of the spectrum of ER difficulties, in chapter 4, we as a first 

step investigated structural brain differences in relation to suicide, by comparing 

MDD patients with suicidal risk to patients with the same disorder characteristics but 

no suicidal risk and to healthy individuals.  

Processes leading to suicide may start with suicidal ideation (SI), with or 

without suicide plans, which not in all cases though might finally end in a suicide 

attempt (SA) (Jollant et al., 2011; Klonsky et al., 2016; Mann, 2003). Both SI and SA 

have been found to be important predictors for future suicide (Fawcett et al., 1990; 

Hawton and van Heeringen, 2009; Kessler et al., 1999). Previous studies to structural 

differences have focused on structural alterations in suicide attempters (Ding et al., 

2015; van Heeringen et al., 2014), revealing reduced grey matter (GM) volumes in 

areas related to ER (e.g., the lateral PFC). However, it remains unknown whether 

these observed structural changes are also associated with SI, since SA would imply 

occurrence of earlier SI (Klonsky et al., 2016). This requires investigating structural 

changes in relation to both SA and SI in one study. To our best knowledge, no such 

structural studies have been performed. Therefore, based on the Netherlands Study 

of Depression and Anxiety (NESDA), which is an ongoing longitudinal study in the 

Netherlands (Penninx et al., 2008; van Tol et al., 2010), we assessed structural brain 

alterations associated with suicidal risk (SI and/or SA) in MDD patients, by using a 

common method of assessing structural alterations (brain volumes), namely voxel-

based morphometry (VBM) analysis (chapter 4).  

 

Self-reflection 
 Problems with self-processing are prevalent in BD patients (Ghaznavi and 

Deckersbach, 2012; Lyon et al., 1999), which may be associated with awareness of 

 

 
 

self in relation to others. This indicates the importance of investigating self-reflection 

in BD patients. In healthy individuals, it has consistently been found that during self-

reflection, the dorsomedial prefrontal cortex (DMPFC), ventromedial prefrontal cortex 

(VMPFC), anterior cingulate cortex (ACC), and posterior cingulate cortex (PCC), 

which are referred to as the cortical midline structures (CMS), and the insula are 

involved (Modinos et al., 2009; Northoff and Bermpohl, 2004; Northoff et al., 2006; 

van der Meer et al., 2010). Furthermore, the CMS nodes have been suggested not to 

work independently, but to collaborate to contribute to self-reflection (Northoff and 

Bermpohl, 2004). In addition to this suggestion, a model of self-reflection (van der 

Meer et al., 2010) maintains that, self-reflective processing progresses in different 

stages. These start from directing attention to self-relevant features (ACC) that would 

be tagged as self-related subsequently (VMPFC), to integrating this with information 

of internal somaesthetic feedback (insula) and autobiographical memory (PCC). The 

final stage is an evaluation process to decide whether certain features describe 

oneself or not (DMPFC). Although further validation of this model is still needed, this 

model suggests that self-reflection areas may work together as a network. Indeed, it 

has been demonstrated that there are functional connectivities between nodes within 

the CMS circuit, as well as between CMS and areas outside the CMS during normal 

self-reflection (Schmitz and Johnson, 2006; van Buuren et al., 2010; van Buuren et 

al., 2012). 

 However, no previous studies have shed light on neural mechanisms 

underlying self-reflection in BD patients. To this end, an important goal of the present 

thesis was to investigate neural activation during self-reflection in BD patients 

(chapter 5). Furthermore, SZ patients have demonstrated difficulties in self-reflection 

(Holt et al., 2011; Murphy et al., 2010; van der Meer et al., 2013). To explore whether 

any potential disturbed neural correlates in BD patients are unique characteristics of 

BD, we compared BD patients to SZ patients (chapter 5). Because of the network 

pattern of the CMS/insula areas, we further conducted generalized psycho-

physiological interaction (gPPI) analysis to investigate functional connectivity during 

self-reflection in BD and SZ patients (chapter 6). Moreover, in order to investigate 

whether findings are specific to self-reflection, we also included reflection on close 

others, which has been shown to be similar to self-reflection in many aspects (Murray 

et al., 2012; van der Meer et al., 2010) (chapter 5~6).   
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Outline of thesis 
 The primary aim of this thesis is to gain knowledge on the neural mechanisms 

underlying ER and self-reflection in BD, MDD and SZ. In part I of the present thesis, 

we focused on neural mechanisms underlying ER, and the structural basis of suicide, 

which might result from disturbances in ER. Specifically, in chapter 2, we 

investigated the temporal neural correlates of ER (reappraisal) in BD and SZ 

patients. Finite Impulse Response (FIR) modeling was conducted to measure 

temporal dynamics (i.e., shape and timing characteristics of the BOLD responses) 

during reappraisal. Based on the suggestion that top-down control from the prefrontal 

ER areas to amygdala is important for successful reappraisal, in chapter 3 we 

investigated whether this top-down control of the ER circuit was disturbed in BD 

patients. Directional relationships of the ER circuit were investigated with Dynamic 

Causal Modeling (DCM) analysis. Furthermore, as a possible consequence of 

dysfunctional ER, suicide is one of the most severe consequences in psychiatric 

disorders, especially major depressive disorder. Therefore, in chapter 4, we 

examined structural alterations in relation to both SI and SA in MDD patients. VBM 

analysis was applied to measure brain volumes in MDD patients with suicidal risk 

(presence of current SI and/or past SA), compared to MDD patients without suicidal 

risk (no SI and SA) and healthy individuals.  

 In part II of this thesis, the aim was to investigate self-reflective processing in 

BD and SZ patients. To achieve this, in chapter 5, we examined the brain activation 

during self-reflection, as well as close other-reflection in BD patients compared to SZ 

patients and healthy individuals. Adding to this activation study reported in chapter 5, 

we further studied the mechanisms of functional connectivity underlying self- and 

close other-reflection in BD and SZ patients (chapter 6).  

 Notably, chapter 4 was based on data from the Netherlands Study of 

Depression and Anxiety (NESDA) (van Tol et al., 2010), and chapters 2, 3, 5 and 6 

were on data of the Study of Emotion, Self-insight and Self-evaluation (EMOZIE) 

(van der Meer et al., 2013). For each of the EMOZIE-based chapters, we selected 

different sub-samples, because not both tasks were available for all subjects and the 

different analysis methods lead to different exclusion criteria (i.e. DCM analysis 

[chapter 3] requires activation in certain areas on the individual level to select the 

time course; see Table 3 for an overview of the sample illustration). In addition, due 

to our specific research questions, all the studies described in this thesis include 

 

 
 

planned comparisons. Of note, the power estimation of the NESDA and EMOZIE 

study were based on the primary outcome measures (van der Meer et al., 2013; van 

Tol et al., 2010).  

 Finally, in chapter 7, results from previous chapters (chapter 2~6) were 

integrated and discussed. Moreover, possible clinical implications of research in this 

thesis are addressed, along with some suggestions for future research.   
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Emotion regulation
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Abstract 
Background: Deficiencies in emotion regulation (ER) are characteristics of both 

patients with bipolar disorder (BD) and schizophrenia (SZ). We investigated the 

temporal dynamics of brain activation during effortful ER in BD and SZ to understand 

the contribution of deficient ER to their unique and shared symptomatology. 

Methods: Forty-six participants performed an ER-task (16 SZ, 15 BD, 15 controls) 

during functional magnetic resonance imaging (fMRI), and were included for finite 

impulse response modelling to estimate the temporal dynamics of brain responses 

during cognitive reappraisal (versus passive attending) of negative pictures. Group, 

time, and group×time effects were tested using multivariate modelling. 

Results: fMRI-data showed a group×time interaction during ER in the ventrolateral 

prefrontal cortex (VLPFC), dorsolateral prefrontal cortex (DLPFC), mid-cingulate 

cortex (MCC), and supplementary motor area (SMA). SZ patients demonstrated 

initial, but not sustained VLPFC activation and no DLPFC activation, while BD 

patients showed general blunted VLPFC, MCC and SMA responsivity and only late 

DLPFC activation.  

Conclusions: During effortful ER, BD and SZ patients showed differential temporal 

recruitment of lateral and medial frontal regulatory brain areas: SZ showed initial 

normal, but unsustained recruitment of the VLPFC, whereas BD was characterized 

by general blunted recruitment of regulatory areas. Results suggest that ER-deficits 

in SZ are primarily driven by a failure to sustain regulatory control, whereas in BD, 

initial deficits in formulating adequate representations of the regulatory needs may 

result in a failure to recruit regulatory resources. This may help to further understand 

how ER deficiencies give rise to symptomatology of BD and SZ.  

   

Key words: Emotion regulation; Cognitive reappraisal; Finite Impulse Response 

Modelling; Bipolar disorder; Schizophrenia; Prefrontal cortex. 

 

 
 

Introduction 
 Inadequate emotion regulation (ER) poses a threat to personal well-being 

(Gross, 2002) and is a central part of various psychiatric disorders, including bipolar 

disorder (BD) (Rowland et al., 2013b; Wolkenstein et al., 2014) and schizophrenia 

(SZ) (Livingstone et al., 2009; van der Meer et al., 2009; van der Meer et al., 2014). 

Neural abnormalities during ER have been observed in both BD and SZ (Kanske et 

al., 2015; Morris et al., 2012; Townsend et al., 2013; van der Meer et al., 2014) 

implying a shared pathology that might relate to the occurrence of psychotic 

symptoms (Modinos et al., 2010), which are also present in 20-50% of BD patients 

(Keck et al., 2003). On the other hand, BD and SZ are characterized by unique 

symptomatology, with strong fluctuations in affect during depression and mania in 

BD, and a predominantly flat affect in SZ (Phillips et al., 2003b). A direct comparison 

between BD and SZ patients indeed suggested a differential neural profile during 

effortful ER, with BD patients showing increased prefrontal involvement compared to 

SZ patients (Morris et al., 2012). In this and other studies, lower lateral prefrontal 

recruitment was also observed in SZ patients compared to controls (Morris et al., 

2012; van der Meer et al., 2014), whereas BD has been associated with both lower 

(Townsend et al., 2013) and higher (Morris et al., 2012) lateral prefrontal activation 

during ER compared to controls. However, in most ER studies to date, the temporal 

variations of brain responses during regulatory attempts occurring over longer 

periods of time were not taken into account (Goldin et al., 2008). This raises the 

question whether abnormalities in SZ arise from a failure to engage frontal regulatory 

areas per se or from a failure to sustain initial frontal engagement during the full 

duration of ER. Similarly, it is unknown whether altered frontal recruitment is an early, 

late or constant characteristic of BD. However, elucidating the temporal dynamics of 

the complex response underlying ER is essential to understand the contributions of 

emotion dysregulation to the unique symptomatology of both disorders. 

  The most investigated strategy of effortful ER is cognitive reappraisal, aiming 

at influencing the emotional intensity and connotation of a stimulus by reinterpreting 

its meaning (Gross, 2001; Gross, 2002; Gross and John, 2003). In healthy 

individuals, reappraisal relies on adequate interactions between the prefrontal cortex 

(PFC, including the ventrolateral PFC [VLPFC], dorsolateral PFC [DLPFC], and 

dorsomedial PFC [DMPFC]) and limbic affective areas (including the amygdala and 

ventral striatum) (Buhle et al., 2014; Diekhof et al., 2011; Kalisch, 2009; Ochsner et 
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al., 2012; Rive et al., 2013). However, it has been demonstrated in healthy 

individuals that frontal and limbic areas do not show continuous and stable, but 

instead show sequential, orchestrated involvement during reappraisal (Goldin et al., 

2008). Specifically, activation of the lateral and medial PFC was shown to be at 

maximum during an early phase (approximately 4.5 seconds[s] after regulation 

onset), followed by attenuation of the amygdala response at a late stage 

(approximately 10.5s after regulation onset). This indicates that essential information 

for understanding the complex psychopathology related to ER deficiencies may be 

missed when averaging the blood-oxygen-level dependent (BOLD) signal over longer 

periods of time, as is often done in functional magnetic resonance imaging (fMRI) 

analysis. However, no study has investigated the temporal dynamics of ER in BD and 

SZ patients, and compared them yet.  

 We therefore aimed to investigate the temporal dynamics underlying 

reappraisal in BD and SZ patients, using Finite Impulse Response (FIR) modelling to 

estimate the timing and shape of the BOLD responses. Given the distinctive 

emotional symptoms seen in BD and SZ patients, we hypothesized differential 

temporal patterns within prefrontal and limbic areas. Moreover, a group of healthy 

individuals was included to investigate shared abnormalities during ER in BD and SZ 

patients.  

 

Methods 
Participants  

 Patients (23 BD, 51 SZ) were recruited through mental health care centers in 

the North of the Netherlands. The SZ patients were a sub-sample from a previously 

collected dataset investigating insight (van der Meer et al., 2013). Because a lack of 

illness insight is strongly associated with psychosis (David, 1999) and emotional 

processing (van der Werf-Eldering et al., 2011), we matched BD and SZ patients on 

insight scores for the current study. We therefore only included patients with good 

insight in the current analysis, leading to a sample of 20 SZ and 21 BD. In addition, 

17 healthy controls (HC) were recruited through local advertisements. For patients, 

the following inclusion criteria were applied: 1) no change in medication at least one 

week before scanning; 2) no electroconvulsive therapy in the year prior to scanning; 

3) no other psychiatric disorders other than BD or SZ. Because all patients were 

recruited in the context of studying insight in psychosis, a history of psychotic 

 

 
 

symptoms was required for BD patients. HC were required to have no current or past 

psychiatric disorders. Presences of MRI-incompatibilities and somatic or neurological 

disorder that may affect the central nervous system were exclusion criteria for all 

participants. 

   This study was approved by the Medical Ethical Committee of the University 

Medical Center Groningen and was performed according to the Declaration of 

Helsinki (2008). After full explanation of the whole procedure, all participants 

provided written informed consent. 

   

Clinical assessments 

 To confirm the diagnosis of BD (including a history of psychotic symptoms) or 

SZ and to exclude past or current psychiatric disorders in HC, the Mini International 

Neuropsychiatric Interview-Plus 5.0.0 (MINI-Plus, Sheehan et al., 1998) was 

administered. For all participants, severity of current depressive symptoms was 

measured with the Quick Inventory of Depressive Symptomatology (QIDS, Rush et 

al., 2003), intelligence was estimated using the Dutch Reading Test for Adults 

(DART, Schmand et al., 1991), and daily preferred ER strategy was assessed with 

the Emotion Regulation Questionnaire (ERQ, Gross and John, 2003). Only in 

patients, severity of current positive and negative symptoms was measured with the 

Positive and Negative Syndrome Scale (PANSS, Kay et al., 1987), severity of current 

mania with the Young Mania Rating Scale (YMRS, Young et al., 1978), and clinical 

insight and cognitive insight with the Schedule of Assessment of Insight-Expanded 

version (SAI-E, Kemp and A. S. David, 1997) and Beck Cognitive Insight Scale 

(BCIS, Beck et al., 2004), respectively.  

 

Emotion regulation task 

 The ER task has been described in detail and shown valid in a previous ER 

study (van der Meer et al., 2014). In short, 88 negative pictures and 22 neutral 

pictures were selected from the International Affective Picture System (Lang et al., 

2005; van der Meer et al., 2014). Extremely negative pictures were not selected to 

avoid potential psychotic experiences. In each trial, a neutral or negative picture was 

shown with the instruction to view (2s). Afterwards, participants were asked to either 

reappraise or attend to this picture for 4s, leading to three conditions: attend neutral, 

attend negative and reappraise (negative). Following the picture, a black screen was 
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presented (lingering; 2s), followed by affective rating on a 4-point scale (1-not 

negative at all; 4-extremely negative) (3s). Subsequently, a screen with the word 

“relax” was shown to allow participants to relax (4s). Finally, a black screen appeared 

to signal the next trial (0.5s) (Figure 1 illustrates the procedure).  

 

 
Figure 1 Illustration of the task procedure and time window used for FIR modeling. The black triangles 

indicate the start/end of each task phase. Abbreviations: FIR, Finite Impulse Response.  

 

 During attend trials (22 negative and 22 neutral pictures), participants were 

instructed to continue viewing the picture without changing the experienced emotion. 

During reappraise trials, participants were instructed to reinterpret negative pictures 

(22 negative pictures) to decrease the negative emotional intensity. Valence and 

arousal levels of negative pictures were matched between the attend negative and 

reappraise conditions. Prior to scanning, participants were trained on applying the 

experimental instructions, and at the end of the experiment, participants were asked 

whether they had been able to regulate emotion as instructed.  

The whole experiment was split into two runs, with a rest period in between 

during which the T1-weighted 3D anatomical scan was acquired. Within runs, 

conditions were presented pseudorandomized, with equal distribution of conditions 

over blocks of 9 or 10 trials. In between blocks, a fixation cross of 20s was 

presented.    

 Although the task also included a suppression (i.e., inhibit emotional 

expressions) and an increase (i.e., increase the intensity of negative emotions) 

condition, we focused on reappraisal in the current study, because it is the most 

investigated ER strategy.  

 

 

 
 

Data acquisition  

 fMRI data were collected using a 3.0 Tesla whole body scanner (Philips Intera, 

Best, NL) at the University Medical Center Groningen (Groningen, the Netherlands), 

equipped with an 8-channel SENSE head coil. The functional images were tilted 

approximately thirty degrees to avoid potential artifacts due to nasal cavities. Using a 

T2-weighted echo planar imaging sequence, 37 axial slices were acquired per 

volume in an ascending, interleaved order (slice thickness=3.5 mm, slice gap = 0 

mm; TR = 2.0 s; TE = 30 ms; flip angle = 70 º; in-plane resolution 64×62 pixels; voxel 

size of 3.5 × 3.5 mm). Additionally, a T1-weighted 3D anatomical image (170 slices; 

TR = 9 ms; TE = 3.54 ms; voxel size of 1 × 1 ×1 mm; flip angle = 8º) was acquired. 

 

Data analysis 

Clinical variables and behavioral data 

Demographics, psychometric assessments and behavioral data were analyzed 

in IBM SPSS (v.22.0), using one-way ANOVAs, t-tests, and chi-square tests where 

appropriate. 

A repeated measures (RM) ANOVA was performed to analyze the ratings 

during the task, with condition (3; attend neutral, attend negative, reappraise) as 

within-subjects factor and group (3; HC, SZ, BD) as between-subjects factor. 

Significance level was set to p<.05 (two-tailed) for all analyses. 

 

fMRI data pre-processing  

fMRI data were pre-processed with statistical parametric mapping (SPM12b 

[5970]; Wellcome Trust Centre for Neuroimaging, London, UK) in Matlab 7.8.0 

(R2009a; Mathworks, Natick, MA, USA). Both functional and anatomical images were 

manually reoriented to the anterior-posterior commissure plane before pre-

processing. Pre-processing consisted of slice-time correction, realignment, co-

registration of the functional images to the anatomical image, normalization to 

Montreal Neurological Institute (MNI) space and smoothing with a full-width half-

maximum (FWHM) Gaussian kernel of 8mm.  

 

Finite impulse response modelling 

To model the hemodynamic response (HR) during reappraisal, a General 

Linear Model (GLM) with a finite impulse response (FIR) basis set was built to 
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estimate condition-specific time courses without a priori assumptions on their shape. 

Notably, this FIR modelling does not take into consideration the known delay of the 

HR-function. Therefore, to estimate ER relevant signal, the time window was set to 

10s following the start of the regulation instruction (and thus included the period of 

regulation, lingering, rating and 1s of relax) and was divided into five bins of 2s each, 

corresponding to the TR (Figure 1). FIR estimates of the HR were calculated for each 

time bin and condition per participant. To investigate the temporal characteristics 

specific to reappraisal, we specified the contrast reappraise>attend negative per time 

bin at first level.  

 Whole-brain analysis examining the temporal dynamics during 

reappraise>attend negative was conducted using 3dMVM, an AFNI-based 

multivariate modeling program that allows quantification of the intercorrelation among 

the within-subject variables, which is likely high for the consecutive time-bins (Chen 

et al., 2014; Chen et al., 2015) (http://afni.nimh.nih.gov/sscc/gangc/MVM.html), and 

has proven to be a powerful tool when estimating temporal dynamics in detecting 

subtle shapes (Chen et al., 2015). A RM-ANOVA was built with group (3; HC, BD, 

SZ) as between-subjects factor, and time (5; 1,2,3,4,5) as within-subjects factor. We 

tested for group×time interactions, and main effects of group and time. Because we 

were specifically interested in the differences in the temporal profile between BD and 

SZ patients, and their deviations from HC, we additionally planned to test for 

group×time interactions for BD versus SZ, BD versus HC and SZ versus HC. 

Supplemental information and Table S1 describes the main effects of task across 

time bins during reappraise>attend negative in all participants. 

For all analyses, clusters were considered significant at a height threshold of 

p<.001 and an extent threshold based on non-stationary supra-threshold cluster-size 

distributions (computed by Monte Carlo simulations using the program ‘3d ClustSim’ 

in AFNI) to hold p<.05 after family-wise error (FWE) correction at the cluster level.  

 

Results  
Sample characterization  

Due to incomplete imaging data, excessive head movements (i.e., >3 mm or 

3° in any directions) or missing Eprime-log files, five BD, four SZ patients, and two 

HC were excluded. To match all groups on age, another BD patient was excluded. In 

total, 15 HC, 15 BD and 16 SZ were included in the final analyses. Notably, a part of 

 

 
 

our sample (12 SZ and 12 HC) was also included in a previous study (van der Meer 

et al., 2014), but no FIR analysis was as yet applied to these data. 

Detailed information on demographics and medication are listed in Table 1 

and Table S2, respectively. In brief, all three groups were statistically comparable on 

age, sex, level of education, intelligence and behavioral data (ERQ-scores), but 

differed on QIDS-score (HC<BD<SZ). Moreover, BD and SZ patients were 

comparable on YMRS-score and insight scores (i.e., SAI-E and BCIS), but SZ 

patients showed higher PANSS-scores than BD patients.  

 
Table1 Demographic and clinical characteristics in all groups  

 
Abbreviations: BCIS=Beck cognitive insight scale; BD=bipolar disorder; DART=Dutch Reading Test for 

Adults; ERQ=emotion regulation questionnaire; HC=healthy controls; M=mean; PANSS=Positive and 

Negative Syndrome Scale; QIDS=Quick Inventory of Depressive Symptomatology; SAI_E=Schedule 

of Assessment of Insight-Expanded version; SD=standard error; SZ=schizophrenia; YMRS=Young 

Mania Rating Scale. aComparison between two patients groups (BD and SZ). bThe ERQ consists of 

ten items: six items measure the cognitive reappraisal strategy and four items the suppression 

strategy. Because of the unequal number of items between the two subscales, the total score for each 
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estimate condition-specific time courses without a priori assumptions on their shape. 

Notably, this FIR modelling does not take into consideration the known delay of the 

HR-function. Therefore, to estimate ER relevant signal, the time window was set to 

10s following the start of the regulation instruction (and thus included the period of 

regulation, lingering, rating and 1s of relax) and was divided into five bins of 2s each, 

corresponding to the TR (Figure 1). FIR estimates of the HR were calculated for each 

time bin and condition per participant. To investigate the temporal characteristics 

specific to reappraisal, we specified the contrast reappraise>attend negative per time 

bin at first level.  

 Whole-brain analysis examining the temporal dynamics during 

reappraise>attend negative was conducted using 3dMVM, an AFNI-based 

multivariate modeling program that allows quantification of the intercorrelation among 

the within-subject variables, which is likely high for the consecutive time-bins (Chen 

et al., 2014; Chen et al., 2015) (http://afni.nimh.nih.gov/sscc/gangc/MVM.html), and 

has proven to be a powerful tool when estimating temporal dynamics in detecting 

subtle shapes (Chen et al., 2015). A RM-ANOVA was built with group (3; HC, BD, 

SZ) as between-subjects factor, and time (5; 1,2,3,4,5) as within-subjects factor. We 

tested for group×time interactions, and main effects of group and time. Because we 
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SZ patients, and their deviations from HC, we additionally planned to test for 

group×time interactions for BD versus SZ, BD versus HC and SZ versus HC. 

Supplemental information and Table S1 describes the main effects of task across 

time bins during reappraise>attend negative in all participants. 
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Results  
Sample characterization  

Due to incomplete imaging data, excessive head movements (i.e., >3 mm or 

3° in any directions) or missing Eprime-log files, five BD, four SZ patients, and two 

HC were excluded. To match all groups on age, another BD patient was excluded. In 

total, 15 HC, 15 BD and 16 SZ were included in the final analyses. Notably, a part of 

 

 
 

our sample (12 SZ and 12 HC) was also included in a previous study (van der Meer 

et al., 2014), but no FIR analysis was as yet applied to these data. 

Detailed information on demographics and medication are listed in Table 1 

and Table S2, respectively. In brief, all three groups were statistically comparable on 
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differed on QIDS-score (HC<BD<SZ). Moreover, BD and SZ patients were 

comparable on YMRS-score and insight scores (i.e., SAI-E and BCIS), but SZ 

patients showed higher PANSS-scores than BD patients.  

 
Table1 Demographic and clinical characteristics in all groups  

 
Abbreviations: BCIS=Beck cognitive insight scale; BD=bipolar disorder; DART=Dutch Reading Test for 

Adults; ERQ=emotion regulation questionnaire; HC=healthy controls; M=mean; PANSS=Positive and 

Negative Syndrome Scale; QIDS=Quick Inventory of Depressive Symptomatology; SAI_E=Schedule 

of Assessment of Insight-Expanded version; SD=standard error; SZ=schizophrenia; YMRS=Young 

Mania Rating Scale. aComparison between two patients groups (BD and SZ). bThe ERQ consists of 

ten items: six items measure the cognitive reappraisal strategy and four items the suppression 

strategy. Because of the unequal number of items between the two subscales, the total score for each 
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subscale was divided by the number of items per subscale. cWe defined a depressive state with a 

QIDS score of >10 (http://www.ids-qids.org/) and a manic state with a cut-off score of 8 on the YMRS 

(Mercer and Becerra, 2013). *p<.05. 

 

Behavioral results 

Across all participants, there was a main effect of condition on emotion ratings 

(F(2,84)=132.38, p<.01). Post-hoc t-tests indicated highest negative ratings after 

attending to negative pictures and lowest negative ratings after attending to neutral 

pictures, with the ratings following reappraisal in between (all p<.001). No significant 

main effect of group (F(2,42)=2.70, p=.08) and interaction of group × condition were 

found (F(4,84)=.337, p=.85). Explorative post-hoc tests to follow-up the trend-wise 

main effect of group indicated that ratings of negative affect across the conditions 

attend negative and reappraise (negative) were higher in SZ patients than HC (t=.29, 

p=.08), with ratings of BD patients in between (compared to SZ and HC, both p>.05). 

 

FIR modeling results during reappraise>attend negative 

Comparisons between SZ, BD and HC 

 A main effect of time was seen in the VLPFC, DLPFC, DMPFC, temporal pole, 

middle temporal gyrus (MTG), superior temporal gyrus (STG) and supplementary 

motor area (SMA) (Table 2). No main effect of group was observed, but a group×time 

interaction (Table 2; Figure 2) was found in the left VLPFC, right lingual gyrus, right 

SMA, and mid-cingulate cortex (MCC). Plotting of the time courses showed that SZ 

had normal engagement of the VLPFC and lingual gyrus in the early phases (time bin 

1-3), with a drop in activation during the later phases (time bin 4-5), whereas HC 

showed more sustained activation (Figure 2A, 2D). For the SMA, SZ showed hyper-

activation in the early phases (time bin 2-3) relative to HC, followed by a gradual 

decrease towards normal (time bin 4-5; Figure 2B). BD failed to engage the VLPFC 

and SMA in the early phases relative to HC, but showed some recruitment of these 

areas in the later time bins (from time bin 4; Figure 2A, 2B), which however did not 

reach the level observed in HC. In the MCC and lingual gyrus, BD was characterized 

by blunted recruitment relative to HC (Figure 2C, 2D).  

 

 

 
 

Comparisons between BD and SZ  

Direct planned comparison between BD and SZ patients (Table 2; Figure 3) revealed 

a main effect of group in the right cerebellum. A group×time interaction showed 

differential time courses in the left VLPFC and right SMA, similar to the observations 

in the three-group interaction of group×time (Figure 2A, 2B), and additionally in the 

right DLPFC and right precuneus. In the DLPFC, BD patients showed a late 

response (time bin 4 and 5), whereas SZ patients showed no response in this area 

(Figure 3A). Regarding the precuneus, both BD and SZ showed lower activation for 

reappraise compared to attend negative, with SZ patients showing this deactivation 

much faster than BD patients (Figure 3B).  

 

Comparisons between SZ or BD to HC  

To objectify deviations from normal, we compared SZ and BD patients to HC 

separately. A main effect of group in the model including SZ patients and HC 

indicated a difference in the VLPFC, middle occipital gyrus and cerebellum in the left 

hemisphere, and inferior occipital gyrus and caudate in the right hemisphere, with the 

SZ patients showing lower activation than HC in these areas (Table 2). Results of 

group×time interaction effects showed that SZ demonstrated an abnormal response 

in the right VLPFC, with early abnormal recruitment in time bin 2, and in the left 

precuneus, with no clear group differences at any specific time bin (Figure S1). In the 

model comparing BD patients and HC, a main effect of group was observed in the 

left DLPFC extending into the VLPFC and right MTG, with lower activation in BD 

patients compared to HC. No group×time effect was observed.  
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Comparisons between BD and SZ  

Direct planned comparison between BD and SZ patients (Table 2; Figure 3) revealed 

a main effect of group in the right cerebellum. A group×time interaction showed 

differential time courses in the left VLPFC and right SMA, similar to the observations 

in the three-group interaction of group×time (Figure 2A, 2B), and additionally in the 

right DLPFC and right precuneus. In the DLPFC, BD patients showed a late 

response (time bin 4 and 5), whereas SZ patients showed no response in this area 

(Figure 3A). Regarding the precuneus, both BD and SZ showed lower activation for 

reappraise compared to attend negative, with SZ patients showing this deactivation 

much faster than BD patients (Figure 3B).  

 

Comparisons between SZ or BD to HC  

To objectify deviations from normal, we compared SZ and BD patients to HC 

separately. A main effect of group in the model including SZ patients and HC 

indicated a difference in the VLPFC, middle occipital gyrus and cerebellum in the left 

hemisphere, and inferior occipital gyrus and caudate in the right hemisphere, with the 

SZ patients showing lower activation than HC in these areas (Table 2). Results of 

group×time interaction effects showed that SZ demonstrated an abnormal response 

in the right VLPFC, with early abnormal recruitment in time bin 2, and in the left 

precuneus, with no clear group differences at any specific time bin (Figure S1). In the 

model comparing BD patients and HC, a main effect of group was observed in the 

left DLPFC extending into the VLPFC and right MTG, with lower activation in BD 

patients compared to HC. No group×time effect was observed.  
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Table 2 Group comparisons during reappraise>attend negative 

Contrasts  K BA Side 
MNI   coordinates 

x         y         z 

Peak 

intensity  

BD versus SZ versus HC 
Main effect of time 

Ventrolateral prefrontal cortex 1044 47 L -44 28 -8 10.70 

Dorsolateral prefrontal cortex 340 46 L -28 58 22 9.65 

Dorsomedial prefrontal cortex 312 24  0 26 40 8.09 

Temporal pole 82 38 L -50 10 -20 7.10 

Temporal pole 203 38 R 50 20 -14 10.67 

Middle temporal gyrus 292 21 L -56 -32 -2 14.49 

Superior temporal gyrus 369 39 L -54 -60 20 11.49 

Supplementary motor area 832 6 L -2 4 66 21.79 

Interaction: Group (BD,SZ,HC) × Time  
Ventrolateral prefrontal cortex 83 45 L -48 34 2 4.35 

Lingual gyrus 111 18 R 28 -92 -2 6.29 

Mid-cingulate cortex 56 24  0 4 42 4.55 

Supplementary motor area 126 6 R 2 14  50 4.54 

BD versus SZ  
Main effect of group   
Cerebellum 60 - R 16 -24 22 23.47 

Interaction: Group (BD,SZ) × Time 

Ventrolateral prefrontal cortex 47 47 L -44 32 -4 8.57 

Dorsolateral prefrontal cortex 72 46 R 26 54 18 10.25 

Precuneus 51 5 R 12 -48 68 11.67 

Supplementary motor area 51 6 R 2 2 62 10.65 

BD versus HC  
Main effect of group 

Middle temporal gyrus 81 21 R 58 6 -22 25.03 

Dorsolateral prefrontal cortex 

/Ventrolateral prefrontal cortex 297 46/44 L -30 16 35 26.80 

Interaction: Group (BD,HC) × Time 

 

 

 
 

Table 2 Continued 

Contrasts  K BA Side 
 MNI coordinates 

x          y        z 

Peak 

intensity  

Ventrolateral prefrontal cortex 

/precentral gyrus 39 44 R 56 8 14 

13.31 

(uncorrected) 

SZ versus HC  
Main effect of group  

 

      

Cerebellum 58 - L -42 -70 24 19.66 

Inferior occipital gyrus 186 19 R 36 -90 -4 22.85 

Middle occipital gyrus 46 18 L -36 -90 4 18.87 

Caudate 50 - R 12 -2 18 18.76 

Ventrolateral prefrontal cortex 102 45 L -52 28 14 20.91 

Interaction: Group (SZ,HC) × Time 

Ventrolateral prefrontal cortex 90 45 R 40 34 16 13.64 

Precuneus 58 7 L -10 -66 40 8.36 
Abbreviations: BD=bipolar disorder; HC=healthy controls; SZ=schizophrenia.  

 

 

Figure 2 Interaction effects between group and 

time in HC, BD and SZ. Effects are observed (A) in 

the VLPFC, (B) SMA, (C) MCC, (D) Lingual gyrus. 

Areas within the orange box (A and B) are also 

found when the interaction effects between group 

and time are considered both for the three groups 

and within patients (BD versus SZ). Areas in the 

blue box (C and D) are only found when the three 

groups are included. Time bins start at the 

presentation of regulation cue (i.e., time bin 1, 0-2 

seconds post instruction). The presented time 

course is averaged over significant voxels. The 

line connecting the mean responses in each time 

bin visualizes the temporal response for each 

group (BD, dashed dark gray; HC, dashed light 

gray; SZ, straight dark gray). Abbreviations: 

BD=bipolar disorder; HC=healthy controls; 

MCC=mid-cingulate cortex; SZ=schizophrenia; 

SMA=supplementary motor area; 

VLPFC=ventrolateral prefrontal cortex. 
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Figure 2 Interaction effects between group and 

time in HC, BD and SZ. Effects are observed (A) in 

the VLPFC, (B) SMA, (C) MCC, (D) Lingual gyrus. 

Areas within the orange box (A and B) are also 

found when the interaction effects between group 

and time are considered both for the three groups 

and within patients (BD versus SZ). Areas in the 

blue box (C and D) are only found when the three 

groups are included. Time bins start at the 

presentation of regulation cue (i.e., time bin 1, 0-2 

seconds post instruction). The presented time 

course is averaged over significant voxels. The 

line connecting the mean responses in each time 

bin visualizes the temporal response for each 

group (BD, dashed dark gray; HC, dashed light 

gray; SZ, straight dark gray). Abbreviations: 

BD=bipolar disorder; HC=healthy controls; 

MCC=mid-cingulate cortex; SZ=schizophrenia; 

SMA=supplementary motor area; 

VLPFC=ventrolateral prefrontal cortex. 
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Figure 3 Interaction effect between group and time in the two patient groups (BD 

versus SZ) from the three groups model. To provide a reference of the normal 

course, temporal course in the HC is also included here. Interaction effects of group 

(3; BD, SZ, HC) × time (5; 1, 2, 3, 4, 5) are observed in the (A) right DLPFC, (B) right 

precuneus. The presented time course is averaged over significant voxels, and a line 

connecting the mean responses in each time bin is added for each group to visualize 

the temporal response (BD, dashed dark gray; HC, dashed light gray; SZ, straight 

dark gray). Abbreviations: BD=bipolar disorder; HC=healthy controls; 

SZ=schizophrenia; SMA=supplementary motor area; VLPFC=ventrolateral prefrontal 

cortex; DLPFC=dorsolateral prefrontal cortex.  

 

Discussion 
 In this study, we investigated for the first time the temporal dynamics of 

effortful emotion regulation (ER) by cognitive reappraisal in patients with bipolar 

disorder (BD), schizophrenia (SZ), and healthy controls (HC). We demonstrated that 

BD and SZ patients were characterized by distinct temporal responses in the 

ventrolateral prefrontal cortex (VLPFC), supplementary motor area (SMA), mid-

cingulate cortex (MCC) and lingual gyrus during reappraisal. Most importantly, SZ 

patients showed initial recruitment of these areas to a normal extent, but failed to 

sustain this activation, whereas BD patients showed blunted responses in these 

areas during early regulation. In addition, patients with BD versus SZ showed 

 

 
 

different temporal patterns in the dorsolateral prefrontal cortex (DLPFC), with less 

recruitment of the DLPFC in SZ patients compared to BD patients over the whole 

time period. Interestingly, the VLPFC, DLPFC, SMA and MCC have been 

consistently indicated as part of an ER network (Kohn et al., 2014; Ochsner et al., 

2012). Altogether, these findings suggest that a failure to sustain regulatory control 

may underlie ER abnormalities in SZ patients, whereas a failure to recruit the 

regulatory areas may underlie ER abnormalities in BD patients. These disorder-

specific temporal fingerprints may help understand how ER abnormalities contribute 

to the unique symptomatology in different psychiatric disorders.  

 In SZ patients, consistent with previous findings (Morris et al., 2012; van der 

Meer et al., 2014), we observed lower activation in the VLPFC during reappraisal 

compared to HC. Notably, our results add to previous findings that this hypo-

activation was not lower in general, but was characterized by a failure to sustain 

activation following an initially normal recruitment. The VLPFC has been linked to 

response selection and inhibition during reappraisal (Ochsner and Gross, 2005; 

Ochsner et al., 2012), inhibition of self-perspective during Theory of Mind (van der 

Meer et al., 2011), top-down control over emotional information (Phillips et al., 2003a; 

Phillips et al., 2008b), detection of salience in order to signal the need for control 

(Kohn et al., 2014), and self-reflection (Murray et al., 2012; van der Meer et al., 2010; 

van der Meer et al., 2013). This suggests that the VLPFC is an important area for 

forming a meta-cognitive representation of emotional information and for detecting a 

need for control during reappraisal. Moreover, general blunting of the DLPFC was 

observed in SZ patients. The DLPFC is important for maintaining reappraisal goals in 

working memory during ER (Ochsner et al., 2012; Wager et al., 2004), and for explicit 

reasoning in order to change the association between a stimulus and the emotional 

response (Kohn et al., 2014; Ochsner and Gross, 2005). Indeed, it has been 

suggested that the DLPFC is not associated with emotional processing per se, but 

involved in general cognitive control (Kohn et al., 2014). Based on the suggested 

roles of the VLPFC and DLPFC in ER, we propose that in SZ patients, the salience of 

the emotional information is initially correctly recognized, in line with the findings that 

SZ patient have similar and even enhanced emotional experience compared to 

healthy individuals (Cohen and Minor, 2010; Kring et al., 1993; Kring and Moran, 

2008). Also, this suggests that the emotional information is processed for further 

elaboration, but that SZ patients fail to call upon appropriate cognitive control 
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Figure 3 Interaction effect between group and time in the two patient groups (BD 

versus SZ) from the three groups model. To provide a reference of the normal 

course, temporal course in the HC is also included here. Interaction effects of group 

(3; BD, SZ, HC) × time (5; 1, 2, 3, 4, 5) are observed in the (A) right DLPFC, (B) right 

precuneus. The presented time course is averaged over significant voxels, and a line 

connecting the mean responses in each time bin is added for each group to visualize 

the temporal response (BD, dashed dark gray; HC, dashed light gray; SZ, straight 

dark gray). Abbreviations: BD=bipolar disorder; HC=healthy controls; 

SZ=schizophrenia; SMA=supplementary motor area; VLPFC=ventrolateral prefrontal 

cortex; DLPFC=dorsolateral prefrontal cortex.  
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compared to HC. Notably, our results add to previous findings that this hypo-
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forming a meta-cognitive representation of emotional information and for detecting a 

need for control during reappraisal. Moreover, general blunting of the DLPFC was 

observed in SZ patients. The DLPFC is important for maintaining reappraisal goals in 

working memory during ER (Ochsner et al., 2012; Wager et al., 2004), and for explicit 
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response (Kohn et al., 2014; Ochsner and Gross, 2005). Indeed, it has been 

suggested that the DLPFC is not associated with emotional processing per se, but 

involved in general cognitive control (Kohn et al., 2014). Based on the suggested 

roles of the VLPFC and DLPFC in ER, we propose that in SZ patients, the salience of 

the emotional information is initially correctly recognized, in line with the findings that 

SZ patient have similar and even enhanced emotional experience compared to 
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2008). Also, this suggests that the emotional information is processed for further 
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resources that are needed to keep an adequate representation of the regulatory goal 

online, which may ultimately lead to suboptimal reappraisal. This suboptimal 

reappraisal may be associated with a higher remaining negative affect (compared to 

HC), and might be investigated further in relation to inappropriate affect featured in 

SZ. 

In BD patients on the other hand, we observed stable blunted response of the 

VLPFC together with a late and non-sustained recruitment of the DLPFC. The 

blunted VLPFC response may indicate that abnormal ER in BD results from a 

general failure to correctly recognize the saliency of the stimulus and associated 

adequate need for control. The observed initial recruitment of the DLPFC, although 

not sustained, suggests that regulatory attempts are made. It might be speculated 

that these regulatory attempts fail because no proper representation of the emotional 

information is formed and kept online. Altogether, we propose that a failure of 

initiating reappraisal may be an important mechanisms underlying dysfunctional ER 

in BD patients.  

 The suggested dissociation between BD and SZ based on adequate 

recognition of saliency and associated need for control resources associated with 

VLPFC functioning is further supported by the observed differential responses in the 

SMA and MCC. The SMA has been involved in stimulus reconceptualization (Kohn et 

al., 2014) and cognitive demand (Urry et al., 2009); while the MCC has been related 

to cognitive control, intentional motor control and action selection (Hoffstaedter et al., 

2013), and has been associated with calling upon and relaying top-down regulatory 

control from cognitive control areas (e.g., DLPFC) to limbic areas (2014). In SZ 

patients, we observed normal recruitment of the MCC and slight hyper-recruitment of 

the SMA, suggesting that these regions are called upon and thus likely to receive 

information from the VLPFC, responsible for processing saliency and calling upon 

control resources. In BD patients, blunted VLPFC response during reappraisal was 

accompanied by blunted responses of the SMA and MCC, suggesting that these 

regions are recruited to a lesser extent, which may diminish the call for adequate 

effortful regulatory control. We therefore propose that ER deficits in SZ are primarily 

driven by a failure to sustain regulatory control, while ER deficits in BD are 

characterized by a primary failure to index regulatory needs.  

 Furthermore, BD and SZ patients also showed altered temporal patterns in the 

precuneus. The precuneus is usually not regarded as an ER area, but has been 

 

 
 

consistently associated with recruitment during self-reflection (Murray et al., 2012; 

van der Meer et al., 2010). Therefore, decreased involvement of the precuneus in BD 

and SZ patients may indicate reduced involvement of self-reflection during ER. 

Interestingly, detaching oneself from an emotional event has been shown to be 

effective in reducing the negative emotional response too (Ochsner et al., 2004). It 

might be suggested that BD and SZ patients had difficulties with the reappraisal 

instructions in the task and instead tried to regulate negative emotion by self-

detachment, and as such tried to compensate their disturbance in prefrontal top-

down control of emotion, however this hypothesis needs future confirmation while 

investigating both reappraisal techniques in the same patients. 

 Some limitations need to be mentioned. First, most patients were taking 

medication. However, medication has been reported to have little or ameliorative 

effects on functional abnormalities of emotion processing (Hafeman et al., 2012; 

Phillips et al., 2008a). Therefore, differences between BD and SZ patients might 

have been reduced rather than induced by medication. Second, BD and SZ patients 

differed on current depression severity and positive and negative symptoms, but did 

so mainly with mild forms of symptomatology. The temporal dynamics of reappraisal 

during more severe mood states remains unclear, since differential neural correlates 

between depressed and euthymic states have been shown in BD (Rive et al., 2015). 

Our small sample size prevented us from controlling for these differences. Also, we 

could not control for the heterogeneity within the BD group, related to characteristics 

of the most recent episode (manic or depressed) and BD-I versus BD-II. Replication 

in a bigger (medication-free) sample with better matching of clinical variables and 

during different emotional states (e.g., depression and mania; though this will be 

practically very challenging) is recommended before strong conclusions can be 

drawn. Third, there was no effect of reappraisal on amygdala activation. This might 

be associated with the late cueing design (Ochsner et al., 2012). Fourth, we did not 

have affect ratings of stimuli before regulation, as well as no rating of valence or 

arousal of the pictures obtained afterwards. This prevents us from exploring the 

temporal dynamics in relation to efforts made to achieve reappraisal. Future studies 

might take regulation efforts into consideration. Finally, reappraisal has shown 

different modulation effects for positive and negative stimuli (Rive et al., 2015), 

whereas we only focused on negative stimuli. Investigating positive affect may further 
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clarify the emotional disturbances in BD (e.g., problems with down-regulating positive 

affect during mania) and SZ patients (e.g., difficulty in up-regulating positive affect).   

 In conclusion, our findings of differential temporal responses between BD and 

SZ patients during reappraisal may indicate that SZ patients predominantly show a 

failure of sustaining activation in areas important for signalling reappraisal needs, 

whereas BD patients may have a more general deficiency in initiating reappraisal due 

to failure of recognizing the saliency of the stimuli and detecting the need for 

regulation. These differences between BD and SZ patients might be of potential 

interest as disorder-specific biomarkers and may enable a better understanding of 

these two disorders by linking the observed differential temporal dynamics to distinct 

emotional symptomatology of BD (e.g., switching between emotional poles) and SZ 

patients (e.g., inappropriate affect) in the future.  
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Supplemenetary information 
 

Supplemental data analysis and results 

Data analysis of main task effects 

 Analysis was conducted with statistical parametric mapping (SPM12b [5970]; 

Wellcome Trust Centre for Neuroimaging, London, UK) implemented in Matlab 7.8.0 

(R2009a; Mathworks, Natick, MA, USA). In order to check the task validity by testing 

the average prefrontal activation across time bins during reappraise > attend 

negative in all participants, the contrast images were entered into a one-sample t-test 

model. Threshold was set at p<.05 (FWE corrected) on cluster-level, with an initial 

voxel-defining threshold of p<.001. 

 

Results 

 During reappraisal, there was activation in the dorsolateral and ventral lateral 

prefrontal cortex, dorsomedial prefrontal cortex, superior frontal gyrus, middle frontal 

gyrus, mid-cingulate cortex, angular gyrus, middle temporal gyrus, supplementary 

motor area, and thalamus (Table S1). There were no higher activation during attend 

negative compared to reappraise.    
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Table S1 Main task effects during reappraise > attend negative in all participants 

Region Sid

e 

BA Cluster 

size 

T MNI 

coordinates 

     x y z 

Dorsolateral  prefrontal cortex 

/ventrolateral prefrontal cortex 

L 44/45 

/47 

1833 6.92 

6.65 

6.37 

-42 

-52 

-42 

16 

24 

28 

38 

0 

-10 

Ventrolateral prefrontal cortex 

/temporal pole 

R 38/45 

/47 

498 4.73 

4.68 

4.65 

54 

44 

50 

26 

4 

18 

-4 

-32 

-14 

Dorsomedial prefrontal gyrus 

/supplementary motor area 

/mid-cingulate cortex 

L 6/8/32 980 6.05 

5.60 

4.97 

-4 

-2 

10 

2 

14 

10 

64 

60 

62 

Superior frontal gyrus/  

Middle frontal gyrus 

L 10 230 6.42 -22 48 22 

Middle temporal gyrus 

/angular gyrus 

L 21/39 1300 4.96 

4.88 

4.80 

-60 

-54 

-56 

-32 

-58 

-48 

2 

16 

-2 

Thalamus   185 5.71 

4.64 

3.40 

12 

-8 

0 

-10 

-14 

-18 

0 

2 

-4 

 

 
 

             Table S2 Medication use in patient groups 
    SZ BD 

Psychopharmacological 

medication     

 Antipsychotics     

  Quetiapine N 2 4 

  Olanzapine N 5 2 

  Risperidone N 1 0 

  Aripiprazole N 6 0 

  Clozapine N 2 0 

 Benzodiazepine N 3 0 

 Antidepressants    

  Trazodone N 0 1 

  Bupropion N 0 1 

  Mirtazapine N 1 0 

  SSRIs N 5 1 

  Venlafaxine N 3 0 

Mood stablizer    

  Valproic acid N 0 4 

  Lithium N 0 11 

  None  N 1 1 
              SSRIs: selective serotonin reuptake inhibitors  
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Figure S1 Temporal deviations in patients relative to HC during reappraise>attend 

negative. Interaction effects between group and time in SZ and HC groups were 

observed in (A) the right VLPFC and (B) left precuneus. A subthreshold interaction 

effect between group and time in BD and HC groups was observed in (C) the right 

VLPFC. Green box presented results in SZ vs HC comparison; red box presented 

results from BD vs HC. The line connecting the mean responses in each time bin 

visualizes the temporal response for each group (BD, dashed dark gray; HC, dashed 

light gray; SZ, straight dark gray). Abbreviations: BD=bipolar patients; HC=healthy 

controls; SZ=schizophrenia patients; VLPFC=ventrolateral prefrontal Cortex. 
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Abstract 
Background: Sufficient prefrontal top-down control on limbic affective areas, 

especially the amygdala, is essential for successful effortful emotion regulation (ER). 

Difficulties in effortful ER have been seen in patients with bipolar disorder (BD), 

which could be suggestive of a disturbed prefrontal-amygdala regulation circuit. 

Therefore, the aim of this study was to investigate whether BD patients show 

abnormal effective connectivity (EC) from the prefrontal areas to the amygdala during 

effortful ER (reappraisal). 

Methods: Forty participants (23 BD; 17 healthy controls [HC]) performed an ER task 

during functional magnetic resonance imaging (fMRI). Using dynamic causal 

modeling (DCM), we investigated EC from the dorsolateral prefrontal cortex (DLPFC) 

and ventrolateral prefrontal cortex (VLPFC) to the amygdala, as well as connectivity 

between the DLPFC and VLPFC during reappraisal.  

Results: Both BD patients and HC showed decreased negative affect ratings 

following reappraising compared to attending negative pictures. There were no 

significant group differences. There was a differential modulatory effect of 

reappraising on the connectivity from the DLPFC to amygdala between BD patients 

and HC. The DLPFC activation increased the amygdala activation under no 

regulation, and decreased the amygdala activation while reappraising in HC, while 

BD patients showed a weaker modulatory effect on this connectivity during 

reappraising compared to HC. There were no other group differences.  

Conclusions:  The disturbance in BD patients in EC from the DLPFC to amygdala 

while reappraising is indicative of insufficient prefrontal top-down control. This 

impairment should be studied further in relation to cycling frequency and polarity of 

switches in BD patients.  

 

Key words: emotion regulation; cognitive reappraisal; bipolar disorder; dynamic 

causal modeling; prefrontal cortex; amygdala.    

 

 
 

Introduction 
 Bipolar disorder (BD) is one of the leading psychiatric health burdens (Murray 

and Lopez, 1997). A prominent feature of BD is its emotional symptomatology, 

cycling between grandiose mood (mania/hypomania) and/or depression (American 

Psychiatric Association, 2013; Phillips et al., 2003b). The emotional symptomatology 

in BD patients has been suggested to be related to problems in effortful emotion 

regulation (ER) (Phillips et al., 2008b). Cognitive reappraisal is the most widely 

investigated adaptive strategy of effortful ER. During reappraisal a 

reconceptualization is formed to decrease emotional intensity (Gross, 2002). 

Behavioral evidence has shown that BD patients report more effort to achieve 

reappraisal (Gruber et al., 2012), and are less successful in reappraisal compared to 

healthy individuals (Corbalan et al., 2015; Gruber et al., 2012; Morris et al., 2012), 

although not reported by all studies (Gruber et al., 2014; Kanske et al., 2015). It has 

been suggested that sufficient top-down control from the prefrontal cortex (PFC) to 

limbic affective areas (e.g., amygdala) is essential for successful effortful ER 

(Ochsner and Gross, 2005; Ochsner et al., 2012; Phillips et al., 2003a). Therefore, it 

might be proposed that BD patients show disturbances in the PFC-limbic ER circuit. 

However, no study has yet investigated the causal communication (effective 

connectivity, EC) from the PFC to limbic affective areas in BD patients. 

 During reappraisal in healthy individuals, the prefrontal areas most 

consistently activated include the dorsolateral PFC (DLPFC) and ventrolateral PFC 

(VLPFC), while the amygdala has shown to be the only area to decrease in activation 

while reappraising (Buhle et al., 2014). In healthy individuals, increased correlational 

functional connectivity between the DLPFC and amygdala has been observed while 

reappraising (Banks et al., 2007). Activity in the VLPFC has been inversely 

associated with amygdala activation (i.e., lower) while reappraising (Ochsner et al., 

2002; Phan et al., 2005). Interestingly, BD patients have shown disturbed activation 

in the lateral PFC, and reduced negative, or even absent correlational functional 

connectivity between the VLPFC and amygdala compared to healthy individuals 

during reappraisal (Morris et al., 2012; Townsend et al., 2013). Therefore, reduced 

top-down control from the lateral PFC to limbic areas while reappraising in BD 

patients has been suggested, but has not yet been investigated.  

 Furthermore, Morawetz et al. (Morawetz et al., 2015) have shown that 

reappraising modulates the bidirectional connectivity between the DLPFC and 
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VLPFC in healthy individuals, indicating that also connectivity within the PFC might 

contribute to reappraisal. Specifically, given that the DLPFC is involved in 

maintaining reappraisal goal and contents in working memory (Buhle et al., 2014; 

Ochsner et al., 2012), these authors speculated that the observed positive EC from 

the DLPFC to VLPFC may be involved in relaying this information from the DLPFC to 

VLPFC for reappraisal selection. After reappraising is finished, this process is 

supposed to be inhibited, represented by the observed negative EC from the VLPFC 

to DLPFC. Therefore, we also tested EC between the DLPFC and VLPFC while 

reappraising in BD patients.     

 In this study, for the first time, we investigated EC from the DLPFC and 

VLPFC to the amygdala and between the DLPFC and VLPFC while reappraising in 

BD patients and controls, using dynamic causal modeling (DCM) (Friston et al., 

2003). Given previous studies of reappraisal and the emotional symptomatology in 

BD, reduced prefrontal control on the amygdala and disturbed EC within the PFC 

were expected.  

 

Methods  
Participants 

 Twenty-three BD patients with past psychotic symptoms were recruited from 

mental health care institutions in the North of the Netherlands. The diagnosis of BD 

was confirmed by the Mini International Neuropsychiatric Interview-Plus 5.0.0 (MINI-

Plus, Sheehan et al., 1998). Moreover, 17 healthy controls (HC) were included. See 

supplement for inclusion criteria.   

 This study was approved by the medical ethical committee of the University 

Medical Center Groningen, according to the Declaration of Helsinki (2008). All 

participants provided written informed consent. 

  

Clinical assessment and measures 

Current state of depression and mania were measured with the Quick 

Inventory of Depressive Symptomatology (QIDS-SR, Rush et al., 2003) and Young 

Mania Rating Scale (YMRS, Young et al., 1978) respectively. Current severity of 

psychotic symptoms was assessed with the Positive and Negative Syndrome Scale 

(PANSS, Kay et al., 1987). Moreover, participants completed the Emotion Regulation 

 

 
 

Questionnaire (ERQ, Gross and John, 2003), assessing their daily life preference of 

ER strategies.  

 

Emotion regulation task 

 Participants were instructed to perform an ER task during scanning (See 

Figure S1 and the supplement for a full task description and image acquisition). 

Briefly, stimuli were selected from the International Affective Picture System (Lang et 

al., 2005). Following a viewing phase, a regulating phase was presented including 

the conditions reappraising (reconceptualization of the presented negative picture to 

decrease the emotional intensity) and attending (feeling the emotion elicited by the 

picture without altering it). During attending, participants were presented with either a 

negative (attending negative) or neutral (attending neutral) picture. Subsequently, 

participants were asked to rate their intensity of negative feeling on a four-point scale 

(1=not negative; 4=extremely negative). Notably, there were two other regulation 

conditions included: suppressing and increasing. Because these conditions were not 

of our interest in this study, we excluded these from the EC analyses (although 

modelled in the general linear model [GLM]). The whole experiment was designed in 

two runs, with the anatomical scan in between as a rest period.  

 

Data analysis of demographic and behavioral data  

Independent-samples t-tests and chi-square test were conducted where 

appropriate to compare BD patients with HC on age, sex, level of education, 

intelligence, QIDS-score, and ERQ-scores. To compare the task rating scores, a 

repeated-measures ANOVA was conducted. Threshold was set at p<.05 for all 

analyses.   

 

fMRI data analysis 

First-level analyses 

 fMRI data were analyzed using the statistical parametric mapping (SPM12b, 

v.5970, www.fil.ion.ucl.ac.uk/spm) implemented in Matlab 7.13.0.564 (R2011b; the 

Math Works Inc., Natick, MA). See the supplement for a full description of pre-

processing and first-level analyses. Briefly, first-level models were created within the 

GLM framework, with the following contrasts defined per participant: 1.) 

reappraising>attending negative, to identify the PFC clusters (DLPFC and VLPFC) 
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al., 2005). Following a viewing phase, a regulating phase was presented including 

the conditions reappraising (reconceptualization of the presented negative picture to 

decrease the emotional intensity) and attending (feeling the emotion elicited by the 

picture without altering it). During attending, participants were presented with either a 

negative (attending negative) or neutral (attending neutral) picture. Subsequently, 

participants were asked to rate their intensity of negative feeling on a four-point scale 

(1=not negative; 4=extremely negative). Notably, there were two other regulation 

conditions included: suppressing and increasing. Because these conditions were not 

of our interest in this study, we excluded these from the EC analyses (although 

modelled in the general linear model [GLM]). The whole experiment was designed in 

two runs, with the anatomical scan in between as a rest period.  

 

Data analysis of demographic and behavioral data  

Independent-samples t-tests and chi-square test were conducted where 

appropriate to compare BD patients with HC on age, sex, level of education, 

intelligence, QIDS-score, and ERQ-scores. To compare the task rating scores, a 

repeated-measures ANOVA was conducted. Threshold was set at p<.05 for all 

analyses.   

 

fMRI data analysis 

First-level analyses 

 fMRI data were analyzed using the statistical parametric mapping (SPM12b, 

v.5970, www.fil.ion.ucl.ac.uk/spm) implemented in Matlab 7.13.0.564 (R2011b; the 

Math Works Inc., Natick, MA). See the supplement for a full description of pre-

processing and first-level analyses. Briefly, first-level models were created within the 

GLM framework, with the following contrasts defined per participant: 1.) 
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related to top-down reappraisal; 2.) viewing negative>fixation, to identify activation in 

the amygdala involved in basic emotional processing for the EC analyses; 3.) 

attending negative>reappraising, for investigating areas showing decreased 

activation while reappraising; 4.) attending negative>attending neutral, to identify task 

activation during basic attending of negative information. 

 

General linear model analyses 

 The contrasts reappraising>attending negative, attending 

negative>reappraising, and attending negative>attending neutral were entered into 

three one-sample t-test models to test for the main task effects in all participants 

included in the DCM analyses. For testing group differences, three independent-

samples t-test were performed, with group as independent variable. Separate ROI-

masks were created for the contrast reappraising>attending negative and attending 

negative>reappraising by drawing a 20mm-radius sphere around the cluster center 

coordinates of the corresponding contrast reported in the most recent meta-analysis 

on reappraisal (Buhle et al., 2014). These two ROI-masks were combined into one 

mask for the comparison on attending negative>attending neutral. Threshold was set 

to p<.05 family wise error (FWE) corrected on cluster-level for the spatial extend of 

the corresponding ROI-mask, with an initial threshold of p<.001 uncorrected. 

 

Effective connectivity 

 Dynamic causal modelling (DCM, (Friston et al., 2003) is a commonly used 

method to investigate EC (Figure S2 describes our DCM steps). Briefly, DCM models 

are built between regions-of-interest (ROIs) or so called volumes-of-interest (VOIs) to 

simulate the underlying neural dynamics. These models consist of several 

coefficients to describe causal interactions on neural level: 1.) task-independent 

connectivities between VOIs (intrinsic connectivity, parameter A); 2.) modulatory 

effects of experimental manipulations on the intrinsic connectivity between VOIs 

(modulatory effects, parameter B); 3.) direct influence of experimental condition(s) on 

the neural states of VOIs (driving input, parameter C). By defining different locations 

of driving inputs, locations of modulatory effects and intrinsic connectivities, a model 

space (all created DCM models) is created. Bayesian inferences are used to select 

the most plausible model(s) from the model space.  

 

 

 
 

Selection of volumes of interest  

 For DCM analysis, we extracted the first eigenvariate from the VOIs in the 

following way: First, anatomical masks were created to help define our VOIs. Based 

on the most recent meta-analysis on reappraisal (2014), three regions involved the 

most were selected: the left-DLPFC, left-VLPFC, and left-amygdala. Separate 

corresponding anatomical masks were created based on the Automated Anatomical 

Labeling library in the WFU Pick Atlas toolbox (Tzourio-Mazoyer et al., 2002) 

(DLPFC=left middle frontal gyrus and lateral superior frontal gyrus; VLPFC=left 

triangular and opercular part of the inferior frontal gyrus).  

Second, we selected the guiding coordinates within these anatomical masks. 

To do so, the activations in the DLPFC and VLPFC were determined in a first-level 

GLM as described above for the contrast reappraising>attending negative, and for 

the amygdala on viewing negative>fixation. The first-level contrast images were 

entered into two second-level one-sample t-test models with a threshold of p<.05 

(uncorrected, k≥5), restricted to the corresponding anatomical mask. The guiding 

coordinates were defined as the peak coordinates of the task activation in all 

participants (Table S1).  

 Next, VOI extraction was performed per subject. The VOI-center was defined 

as the individual’s first-level peak coordinate from the corresponding first-level 

contrast of interest at a threshold of p<.10 uncorrected, k≥5 (this liberal threshold was 

chosen to include as many participants as possible for the DCM analyses), within 

20mm of the guiding coordinate and within the corresponding anatomical mask. The 

VOI was a sphere with a 6mm-radius around the VOI-center, consistent with previous 

literature (Morawetz et al., 2015). VOI voxels outside the corresponding anatomical 

mask were excluded. Participants with no or insufficient voxels in the VOI (k<5) were 

excluded from further analyses (n=3).   

 

DCM model space 

 For the DCM model structure, we defined bidirectional intrinsic connections 

between the amygdala and VLPFC, and between the DLPFC and VLPFC, based on 

previous anatomical and animal studies (Amaral and Price, 1984; Barbas, 2015; 

Yeterian et al., 2012). Connections between the amygdala and DLPFC have been 

reported inconsistently (Amaral and Price, 1984; Ray and Zald, 2012; Stefanacci and 

Amaral, 2002). Therefore, given that most connections are bidirectional (Barbas, 
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2015), we tested two possibilities of DLPFC-amygdala intrinsic connections: no or 

bidirectional connections. The conditions reappraising, attending negative and 

attending neutral were included as driving inputs. Although we included attending 

neutral as a driving input to increase the explained variance, given our primary 

interest in effortful ER, we did not explore it hereafter. These driving inputs were 

hypothesized to enter the model via the prefrontal areas (Ochsner and Gross, 2005; 

Ochsner et al., 2012; Phillips et al., 2008b), because we were interested in the top-

down regulation. Without hypotheses on the driving inputs locations, three variations 

were tested: DLPFC, VLPFC or DLPFC&VLPFC. Furthermore, we were particularly 

interested in the modulatory effects of reappraising on the connections. Given 

previous ER models (Morawetz et al., 2015; Ochsner et al., 2012; Phillips et al., 

2008b), we tested whether reappraising affected the top-down connectivity from the 

DLPFC/VLPFC to amygdala, and the EC between the DLPFC and VLPFC. 

Altogether, there were 96 DCM models (bilinear and stochastic) per participant: 3 

(locations of driving inputs)×16 (modulation locations)×2 (scanning runs) (Figure 1). 

 

Bayesian model selection and Bayesian model averaging 

 Models with similar model features were grouped in families. We first divided 

all models in three families based on driving input location (family#1, DLPFC; 

family#2, DLPFC&VLPFC; family#3, VLPFC). We further divided each family in two 

sub-families: with or without DLPFC-amygdala connections (Figure 1). Bayesian 

model selection (BMS) was used to estimate the exceedance probability (EP) of the 

families/models (probability that one family/model wins over all other tested 

families/models) (Penny et al., 2004; Penny et al., 2010). First we selected the 

winning family, subfamily and finally the winning model. BMS was conducted within 

BD and HC separately to detect whether they had a different winning family/model, 

implying different structures of causal relationships. In case the winning family/model 

is identical between BD and HC, we would further calculate DCM parameters to 

compare groups.  

 

 

 

 
 

 

 
 

 
Figure 1 Overview of the created model space. (A) Illustration of the basic model 

structure, in which gray dashed arrow indicates potential connections to be tested. 

For driving inputs including attending neutral, attending negative and reappraising, 

there are three variations in location (family#1, DLPFC; family#2, DLPFC and 

VLPFC, or family#3, VLPFC) indicated by a green arrow. Models of a family are 

further divided into two sub-families (depicted for family #2); (B) sub-family#2.1, 

without DLPFC-amygdala connection; and (C) sub-family#2.2, with DLPFC-amygdala 

connection. Red dots indicate the hypothesized connectivity modulated by 

reappraisal tested in the particular model of the sub-family. Model variations in B and 

C can also be made for family#1 and family#3, leading to 3 x 16 x 2=96 models per 

subject in total. (D) BMS reveals that family#2 (driving inputs at both the DLPFC and 

VLPFC) has the highest exceedance probability for both BD patients (family#2=1, 

family#1 and family#3=0) and HC (family#2= 0.9998, family#1 and family#3 ≈0). 

Within the family#2, BMS demonstrates that the winning family is sub-family#2.2 

(with DLPFC-amygdala connection) for both BD patients and HC (HC, exceedance 

probability=0.9998; BD, exceedance probability=0.9995) compared to sub-family#2.1 

(without DLPFC-amygdala connections; HC, exceedance proability≈0; BD, 

exceedance probability≈0). Abbreviations: AMY=amygdala; BMS=Bayesian model 

selection; DLPFC=dorsolateral prefrontal cortex; VLPFC=ventrolateral prefrontal 

cortex.   
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BD and HC separately to detect whether they had a different winning family/model, 

implying different structures of causal relationships. In case the winning family/model 

is identical between BD and HC, we would further calculate DCM parameters to 

compare groups.  

 

 

 

 
 

 

 
 

 
Figure 1 Overview of the created model space. (A) Illustration of the basic model 

structure, in which gray dashed arrow indicates potential connections to be tested. 

For driving inputs including attending neutral, attending negative and reappraising, 

there are three variations in location (family#1, DLPFC; family#2, DLPFC and 

VLPFC, or family#3, VLPFC) indicated by a green arrow. Models of a family are 

further divided into two sub-families (depicted for family #2); (B) sub-family#2.1, 

without DLPFC-amygdala connection; and (C) sub-family#2.2, with DLPFC-amygdala 

connection. Red dots indicate the hypothesized connectivity modulated by 

reappraisal tested in the particular model of the sub-family. Model variations in B and 

C can also be made for family#1 and family#3, leading to 3 x 16 x 2=96 models per 

subject in total. (D) BMS reveals that family#2 (driving inputs at both the DLPFC and 

VLPFC) has the highest exceedance probability for both BD patients (family#2=1, 

family#1 and family#3=0) and HC (family#2= 0.9998, family#1 and family#3 ≈0). 

Within the family#2, BMS demonstrates that the winning family is sub-family#2.2 

(with DLPFC-amygdala connection) for both BD patients and HC (HC, exceedance 

probability=0.9998; BD, exceedance probability=0.9995) compared to sub-family#2.1 

(without DLPFC-amygdala connections; HC, exceedance proability≈0; BD, 

exceedance probability≈0). Abbreviations: AMY=amygdala; BMS=Bayesian model 

selection; DLPFC=dorsolateral prefrontal cortex; VLPFC=ventrolateral prefrontal 
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 After model selection via BMS, connectivity parameters were computed. 

Because there was no robust winning model (see 3.3) based on the fact that the EP 

was comparable and approximately 50%, we conducted Bayesian Model Averaging 

(BMA) to calculate connectivity parameters on an averaged model composed of the 

models of the winning sub-family. The contribution of each model to the average 

model was weighted based on the model evidence (i.e., the probability of the DCM 

model to explain the observed data), and connectivity parameters were averaged 

over runs. Accordingly, for each participant, intrinsic connectivity (parameter A, 

representing connectivities between VOIs without being modulated by reappraising), 

and modulatory strength of reappraising (B/A, representing the modulatory effect 

[parameter B] relative to the intrinsic connectivity as a sensitive index for the degree 

of modulation due to reappraisal) were obtained.  

 DCM parameters were analyzed with SPSS (v.22.0). For the parameters A 

and B/A, one-sample t-tests were conducted in HC to provide connectivity 

information while reappraising in unaffected individuals, and independent-samples t-

tests were performed to estimate whether BD deviated from HC. Because we a priori 

expected BD patients to have less control from the PFC to amygdala, meaning 

smaller B/A values, we planned one-tailed comparisons to test for differences in 

modulatory strength (B/A) between BD and HC on connectivity from the 

DLPFC/VLPFC to the amygdala, using a threshold of p<.05 (one-tailed). For the 

other tests (A and B/A in HC, group comparisons on A and B/A on the DLPFC-

VLPFC EC), a false discovery rate (FDR) correction for multiple comparisons was 

applied with a threshold of p<.05 (two-tailed). To rule out the influence of depression 

severity on the comparison between BD and HC, sensitivity analyses were performed 

by excluding depressed BD patients (n=2).  

 

Results 
Sample description and behavioral results  

 One BD and one HC were excluded because of excessive head movements 

(>3mm/3° in any direction). Five BD and one HC with incomplete imaging data or 

missing E-prime log-files were excluded. Due to insufficient activation in VOI(s), two 

BD and one HC were excluded (these subjects were included for defining guiding 

coordinates). In total, we included 15 BD patients (13 BD I and 2 BD II) and 14 HC in 

the final analyses.  

 

 
 

 Table 1 shows the demographics of the final sample (Table S2 shows data for 

all participants). BD patients were comparable to HC on age, sex, level of education, 

intelligence, and ERQ-subscale scores. There was a higher level of depression 

severity in BD than HC, with two BD patients having a moderate level of depression 

(QIDS-scores>10, www.ids-qids.org).  

 

        Table 1 Demographical and clinical information for DCM samples  

Variables  BD HC p 
Age, (years) 

 

M (SD) 41.33 

(13.19) 

33.64 

(11.53) 

.11 
Male/Female  N 6/9 9/5 .27 
Level of education M (SD) 5.93 (.88) 5.64 (.93) .40 
BDI/BD II N 13/2   
Intelligence 

(DART_correct) 

M (SD) 42.67 

(3.83) 

40.93 (6.59) .40 
QIDS-SR M (SD) 5.07 (5.40) 2.00 (1.18) .048* 
YMRS M (SD) 1.40 (1.50)   
ERQ_reappraisala M (SD) 4.09 (1.49) 4.87 (1.02) .11 
ERQ_suppressiona M (SD) 3.43 (1.57) 2.66 (1.23) .15 
PANSS M (SD)    
   Total   41.00 

(6.28) 

  
   Positive   9.33 (2.79)   
   Negative  9.60 (3.04)   

     General 

psychopathology 

   22.07 

(3.45)  

  
Insight   M (SD)    
     SAI-E    22.17 

(2.05) 

  
     BCIS_Composite 

score 

   7.73 (4.23)   
     BCIS_Self-

reflectiveness 

   15.07 

(3.77) 

  
     BCIS_Self-Certainty    7.33 (2.44)   
Psychopharmacological 

drug  

 

  N   

      Antipsychotics     
        Olanzapine    2   
        Pimozide    1   
        Quetiapine 

 

 

   5   
     Antidepressants     
        Bupropion  

 

   1   
        Sertraline    1   
        Trazodone    1   
     Mood stablizer         
        Valproic acid   4   
        Lithium   11   
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 DCM parameters were analyzed with SPSS (v.22.0). For the parameters A 

and B/A, one-sample t-tests were conducted in HC to provide connectivity 

information while reappraising in unaffected individuals, and independent-samples t-

tests were performed to estimate whether BD deviated from HC. Because we a priori 

expected BD patients to have less control from the PFC to amygdala, meaning 

smaller B/A values, we planned one-tailed comparisons to test for differences in 

modulatory strength (B/A) between BD and HC on connectivity from the 

DLPFC/VLPFC to the amygdala, using a threshold of p<.05 (one-tailed). For the 

other tests (A and B/A in HC, group comparisons on A and B/A on the DLPFC-

VLPFC EC), a false discovery rate (FDR) correction for multiple comparisons was 

applied with a threshold of p<.05 (two-tailed). To rule out the influence of depression 

severity on the comparison between BD and HC, sensitivity analyses were performed 

by excluding depressed BD patients (n=2).  

 

Results 
Sample description and behavioral results  

 One BD and one HC were excluded because of excessive head movements 

(>3mm/3° in any direction). Five BD and one HC with incomplete imaging data or 

missing E-prime log-files were excluded. Due to insufficient activation in VOI(s), two 

BD and one HC were excluded (these subjects were included for defining guiding 

coordinates). In total, we included 15 BD patients (13 BD I and 2 BD II) and 14 HC in 

the final analyses.  

 

 
 

 Table 1 shows the demographics of the final sample (Table S2 shows data for 

all participants). BD patients were comparable to HC on age, sex, level of education, 

intelligence, and ERQ-subscale scores. There was a higher level of depression 

severity in BD than HC, with two BD patients having a moderate level of depression 

(QIDS-scores>10, www.ids-qids.org).  

 

        Table 1 Demographical and clinical information for DCM samples  

Variables  BD HC p 
Age, (years) 

 

M (SD) 41.33 

(13.19) 

33.64 

(11.53) 

.11 
Male/Female  N 6/9 9/5 .27 
Level of education M (SD) 5.93 (.88) 5.64 (.93) .40 
BDI/BD II N 13/2   
Intelligence 

(DART_correct) 

M (SD) 42.67 

(3.83) 

40.93 (6.59) .40 
QIDS-SR M (SD) 5.07 (5.40) 2.00 (1.18) .048* 
YMRS M (SD) 1.40 (1.50)   
ERQ_reappraisala M (SD) 4.09 (1.49) 4.87 (1.02) .11 
ERQ_suppressiona M (SD) 3.43 (1.57) 2.66 (1.23) .15 
PANSS M (SD)    
   Total   41.00 

(6.28) 

  
   Positive   9.33 (2.79)   
   Negative  9.60 (3.04)   

     General 

psychopathology 

   22.07 

(3.45)  

  
Insight   M (SD)    
     SAI-E    22.17 

(2.05) 

  
     BCIS_Composite 

score 

   7.73 (4.23)   
     BCIS_Self-

reflectiveness 

   15.07 

(3.77) 

  
     BCIS_Self-Certainty    7.33 (2.44)   
Psychopharmacological 

drug  

 

  N   

      Antipsychotics     
        Olanzapine    2   
        Pimozide    1   
        Quetiapine 

 

 

   5   
     Antidepressants     
        Bupropion  

 

   1   
        Sertraline    1   
        Trazodone    1   
     Mood stablizer         
        Valproic acid   4   
        Lithium   11   
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     None    1   
Abbreviations: BCIS=Beck Cognitive Insight Scale; BD=bipolar disorder; DART=Dutch Reading Test 

for Adults; ERQ=Emotion Regulation Questionnaire; HC=healthy controls; PANSS=Positive and 

Negative Syndrome Scale; M=mean; QIDS-SR=Quick Inventory of Depressive Symptomatology (self-

report); SAI-E=Schedule of Assessment of Insight-Expanded Version; SD=standard deviation; 

YMRS=Young Mania Rating Scale. *p<.05. aThe ERQ consists of ten items on a 7-point continuum 

(1=strongly disagree; 7=strongly agree), of which two subscales can be derived: suppression of 

emotions (four items) and cognitive reappraisal (six items). Weighted subscale scores are obtained by 

dividing the score for the subscale with the number of items.  

 

Concerning the behavioral performance (Figure S3), there was a main effect 

of condition (F(2,54)=102.08, p<.001), with lowest subjective negative ratings for 

attending neutral, highest for attending negative and intermediate for reappraising. 

There was no main effect of group (F(1,27)=2.94, p=.10), nor a group×condition 

interaction (F(2,54)=.36, p=.67).      

 

GLM results  

 During reappraising>attending negative, there were activations in the VLPFC, 

middle temporal gyrus, superior temporal gyrus, dorsomedial PFC (DMPFC), mid-

cingulate cortex and angular gyrus (Table S3). There were no activations during 

attending negative>reappraising. Attending negative (>attending neutral) showed 

activation in the inferior parietal lobule and angular gyrus (Table S4). Moreover, no 

differences in activation were seen between BD and HC on these contrasts. 

 

DCM results 

 BMS revealed that the winning family had the driving inputs location at the 

DLPFC&VLPFC (family#2) for both HC and BD (Figure 1D). Furthermore, within 

family#2, for both groups the EP of the sub-family with DLPFC-amygdala 

connections (sub-family#2.2) was superior to that of the sub-family without DLPFC-

amygdala connections (sub-family#2.1) (Figure 1D). Within this winning sub-

family#2.2, there was no obvious winning model (Figure S4), since all EPs in HC 

were less than 60%. In HC two models had comparable EP (model#4 and model#7), 

while BD had a different second best model (model#6). Therefore, to compare the 

groups we calculated the weighted averaged connectivity parameters over the 

models of the winning subfamily, using BMA (Table 2).  

 

 
 

Regarding the intrinsic connectivity (parameter A) in HC, there was a 

significant positive intrinsic connectivity on all connections (all FDR corrected 

p<.001). BD patients did not differ from HC on all intrinsic connections (Table 2).   

 Concerning modulatory strength of reappraising (B/A), there were no 

significant effects in HC (all FDR corrected p>.10). Planned comparisons showed 

that BD patients had a weaker modulatory strength on the connectivity from the 

DLPFC to amygdala compared to HC (Table 2 and Figure 2). Specifically, 

reappraising changed and reversed the intrinsic connectivity from the DLPFC to 

amygdala in HC, resulting in a negative DLPFC-amygdala EC, while in BD patients 

this effect was not present (Figure 2B). There were no group differences in 

modulatory strength of reappraising on the connectivity from the VLPFC to amygdala 

or on the DLPFC-VLPFC connections (Table 2). 

Sensitivity analyses after excluding the depressed BD patients showed that 

the group comparison of modulatory strength of reappraising on the connectivity from 

the DLPFC to amygdala became trend-wise significant (p=0.07 [one tailed]). For the 

remaining analyses, similar results were seen (all FDR-corrected p>.05). 

    

Table 2 Connectivity parameters for BD patients and HC 

 BD  HC ta pa pFDR
a 

 M  SD  M SD    
Intrinsic connectivity (A)         
   VLPFC to Amygdala .029 .025  .049 .032 -1.964 .06 .60 
   Amygdala to DLPFC .005 .019  .017 .010 -1.958 .06 .31 
   Amygdala to VLPFC .020 .025  .037 .027 -1.814 .08 .20 
   DLPFC to VLPFC .048 .035  .070 .051 -1.390 .18 .29 
   DLPFC to Amygdala .016 .022  .024 .016 -1.230 .23 .33 
   VLPFC to DLPFC .054 .042  .069 .051 -.827 .42 .46 
Modulatory strength (B/A)       
   DLPFC to Amygdala .630 2.832  -1.208 2.542 1.834 .04*b - 
   VLPFC to Amygdala .711 2.048  1.631 6.195 -.545 .30b - 
   DLPFC to VLPFC -.100 .428  .165 .525 -1.492 .15 .29 
   VLPFC to DLPFC .016 .033  .259 .736 -1.231 .24 .30 

aComparisons between BD and SZ. bOne-tailed p value. Abbreviations: BD=bipolar disorder; 

DLPFC=dorsolateral prefrontal cortex; HC=healthy controls; M=mean; SD=standard deviation; 

VLPFC=ventrolateral prefrontal cortex. *p<.05. 
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     None    1   
Abbreviations: BCIS=Beck Cognitive Insight Scale; BD=bipolar disorder; DART=Dutch Reading Test 

for Adults; ERQ=Emotion Regulation Questionnaire; HC=healthy controls; PANSS=Positive and 

Negative Syndrome Scale; M=mean; QIDS-SR=Quick Inventory of Depressive Symptomatology (self-

report); SAI-E=Schedule of Assessment of Insight-Expanded Version; SD=standard deviation; 

YMRS=Young Mania Rating Scale. *p<.05. aThe ERQ consists of ten items on a 7-point continuum 

(1=strongly disagree; 7=strongly agree), of which two subscales can be derived: suppression of 

emotions (four items) and cognitive reappraisal (six items). Weighted subscale scores are obtained by 

dividing the score for the subscale with the number of items.  

 

Concerning the behavioral performance (Figure S3), there was a main effect 

of condition (F(2,54)=102.08, p<.001), with lowest subjective negative ratings for 

attending neutral, highest for attending negative and intermediate for reappraising. 

There was no main effect of group (F(1,27)=2.94, p=.10), nor a group×condition 

interaction (F(2,54)=.36, p=.67).      

 

GLM results  

 During reappraising>attending negative, there were activations in the VLPFC, 

middle temporal gyrus, superior temporal gyrus, dorsomedial PFC (DMPFC), mid-

cingulate cortex and angular gyrus (Table S3). There were no activations during 

attending negative>reappraising. Attending negative (>attending neutral) showed 

activation in the inferior parietal lobule and angular gyrus (Table S4). Moreover, no 

differences in activation were seen between BD and HC on these contrasts. 

 

DCM results 

 BMS revealed that the winning family had the driving inputs location at the 

DLPFC&VLPFC (family#2) for both HC and BD (Figure 1D). Furthermore, within 

family#2, for both groups the EP of the sub-family with DLPFC-amygdala 

connections (sub-family#2.2) was superior to that of the sub-family without DLPFC-

amygdala connections (sub-family#2.1) (Figure 1D). Within this winning sub-

family#2.2, there was no obvious winning model (Figure S4), since all EPs in HC 

were less than 60%. In HC two models had comparable EP (model#4 and model#7), 

while BD had a different second best model (model#6). Therefore, to compare the 

groups we calculated the weighted averaged connectivity parameters over the 

models of the winning subfamily, using BMA (Table 2).  

 

 
 

Regarding the intrinsic connectivity (parameter A) in HC, there was a 

significant positive intrinsic connectivity on all connections (all FDR corrected 

p<.001). BD patients did not differ from HC on all intrinsic connections (Table 2).   

 Concerning modulatory strength of reappraising (B/A), there were no 

significant effects in HC (all FDR corrected p>.10). Planned comparisons showed 

that BD patients had a weaker modulatory strength on the connectivity from the 

DLPFC to amygdala compared to HC (Table 2 and Figure 2). Specifically, 

reappraising changed and reversed the intrinsic connectivity from the DLPFC to 

amygdala in HC, resulting in a negative DLPFC-amygdala EC, while in BD patients 

this effect was not present (Figure 2B). There were no group differences in 

modulatory strength of reappraising on the connectivity from the VLPFC to amygdala 

or on the DLPFC-VLPFC connections (Table 2). 

Sensitivity analyses after excluding the depressed BD patients showed that 

the group comparison of modulatory strength of reappraising on the connectivity from 

the DLPFC to amygdala became trend-wise significant (p=0.07 [one tailed]). For the 

remaining analyses, similar results were seen (all FDR-corrected p>.05). 

    

Table 2 Connectivity parameters for BD patients and HC 

 BD  HC ta pa pFDR
a 

 M  SD  M SD    
Intrinsic connectivity (A)         
   VLPFC to Amygdala .029 .025  .049 .032 -1.964 .06 .60 
   Amygdala to DLPFC .005 .019  .017 .010 -1.958 .06 .31 
   Amygdala to VLPFC .020 .025  .037 .027 -1.814 .08 .20 
   DLPFC to VLPFC .048 .035  .070 .051 -1.390 .18 .29 
   DLPFC to Amygdala .016 .022  .024 .016 -1.230 .23 .33 
   VLPFC to DLPFC .054 .042  .069 .051 -.827 .42 .46 
Modulatory strength (B/A)       
   DLPFC to Amygdala .630 2.832  -1.208 2.542 1.834 .04*b - 
   VLPFC to Amygdala .711 2.048  1.631 6.195 -.545 .30b - 
   DLPFC to VLPFC -.100 .428  .165 .525 -1.492 .15 .29 
   VLPFC to DLPFC .016 .033  .259 .736 -1.231 .24 .30 

aComparisons between BD and SZ. bOne-tailed p value. Abbreviations: BD=bipolar disorder; 

DLPFC=dorsolateral prefrontal cortex; HC=healthy controls; M=mean; SD=standard deviation; 

VLPFC=ventrolateral prefrontal cortex. *p<.05. 
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Figure 2 Illustration of effective connectivities within the winning family. (A) Locations 

of driving inputs are in the DLPFC and VLPFC, indicated by the gray arrows. 

Modulatory effect of reappraising on intrinsic connectivities (parameter A, numbers 

embedded in the arrows connecting the three areas; modulatory strength B/A, 

numbers embedded in dashed arrows) was comparable between BD patients and 

HC, except for the connectivity from the DLPFC to amygdala (connectivity with a 

black dot). (B) For this DLPFC-amygdala connectivity, both BD patients and HC have 

positive intrinsic connectivity, indicating that activation in the DLPFC increases 

activation in the amygdala. While reappraising, this connectivity is decreased, and 

becoming inverse in HC; while BD patients have weaker modulatory effects of 

reappraising on this effective connectivity from the DLPFC to amygdala compared to 

HC. Abbreviations: BD=bipolar disorder; DLPFC=dorsolateral prefrontal cortex; 

HC=healthy controls; VLPFC=ventrolateral prefrontal cortex.   

 

 
 

Discussion 
 This study provided to our knowledge the first empirical evidence of effective 

connectivity (EC) of top-down control from the prefrontal cortex (PFC) to the 

amygdala during reappraisal in patients with bipolar disorder (BD) and healthy 

controls (HC). First we demonstrated negative EC in HC from the dorsolateral PFC 

(DLPFC) to amygdala, meaning that the DLPFC inhibited the amygdala. In contrast, 

BD patients showed a weaker modulatory effect of reappraising on this connectivity 

compared to HC, and in fact showed no inhibition of the amygdala by the DLPFC. 

This disturbed DLPFC-amygdala EC in BD patients likely reflects impairments in 

effortful emotion regulation (ER), although our behavioural data did not show this.  

 In line with previous suggestions that prefrontal involvement is essential for 

reappraising (Ochsner and Gross, 2005; Ochsner et al., 2012), reappraising (versus 

attending negative) revealed heightened prefrontal activation in HC and BD patients. 

No prefrontal involvement was shown during attending conditions, where participants 

were asked not to regulate their emotion, indicating that prefrontal activation was 

specific for reappraising. This suggests that our task manipulations are valid. 

Moreover, we observed positive intrinsic connectivities from the DLPFC to the 

amygdala in HC, indicating that DLPFC activation increased amygdala activation. 

However, during reappraising EC from the DLPFC to amygdala decreased, i.e. 

DLPFC activation reduced amygdala activation. This is proof of principle that the 

DLPFC is associated with cognitive control (MacDonald et al., 2000) and 

reappraising (Buhle et al., 2014; Diekhof et al., 2011; Kalisch, 2009), more specific in 

reducing amygdala activity (Kohn et al., 2014; Ochsner and Gross, 2005; Ochsner et 

al., 2012; Phillips et al., 2008b) which is an essential area for emotional processing 

(Phillips et al., 2003a). This is corroborative with our behavioral data showing that 

reappraising decreased the negative emotional feeling, suggesting more control over 

the negative emotion. Altogether, we propose that negative EC from the DLPFC to 

amygdala while reappraising underlies top-down cognitive control of emotion in HC.  

 Interestingly, we showed that BD patients had weaker connectivity from the 

DLPFC to the amygdala while reappraising compared to HC. BD patients often report 

more difficulty to reappraise (Gruber et al., 2012), and diminished success of 

reappraisal compared to HC (Corbalan et al., 2015; Gruber et al., 2012; Morris et al., 

2012). We propose that the disturbed DLPFC-amygdala EC in BD patients indicates 

inadequate top-down prefrontal control during reappraisal, which may be associated 
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 In line with previous suggestions that prefrontal involvement is essential for 
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attending negative) revealed heightened prefrontal activation in HC and BD patients. 

No prefrontal involvement was shown during attending conditions, where participants 

were asked not to regulate their emotion, indicating that prefrontal activation was 

specific for reappraising. This suggests that our task manipulations are valid. 

Moreover, we observed positive intrinsic connectivities from the DLPFC to the 

amygdala in HC, indicating that DLPFC activation increased amygdala activation. 

However, during reappraising EC from the DLPFC to amygdala decreased, i.e. 

DLPFC activation reduced amygdala activation. This is proof of principle that the 

DLPFC is associated with cognitive control (MacDonald et al., 2000) and 

reappraising (Buhle et al., 2014; Diekhof et al., 2011; Kalisch, 2009), more specific in 

reducing amygdala activity (Kohn et al., 2014; Ochsner and Gross, 2005; Ochsner et 

al., 2012; Phillips et al., 2008b) which is an essential area for emotional processing 

(Phillips et al., 2003a). This is corroborative with our behavioral data showing that 

reappraising decreased the negative emotional feeling, suggesting more control over 

the negative emotion. Altogether, we propose that negative EC from the DLPFC to 

amygdala while reappraising underlies top-down cognitive control of emotion in HC.  

 Interestingly, we showed that BD patients had weaker connectivity from the 

DLPFC to the amygdala while reappraising compared to HC. BD patients often report 

more difficulty to reappraise (Gruber et al., 2012), and diminished success of 

reappraisal compared to HC (Corbalan et al., 2015; Gruber et al., 2012; Morris et al., 

2012). We propose that the disturbed DLPFC-amygdala EC in BD patients indicates 

inadequate top-down prefrontal control during reappraisal, which may be associated 
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with regulation inefficiency as often seen in these patients. Furthermore, the 

inadequate top-down control from the DLPFC to amygdala in BD patients might be 

associated with heightened sensitivity to emotional stimuli commonly observed 

(Phillips et al., 2003b). Given our predominantly euthymic BD sample, this disturbed 

DLPFC control over the amygdala might be associated with vulnerability for 

depressive or manic episodes. That we did not observe behavioral differences might 

be related to a narrow rating range (four-point scale) and insufficient power to detect 

behavioral differences. Altogether, we propose that a weaker modulatory effect of 

reappraising on the DLPFC-amygdala EC in BD patients might be an important 

mechanism underlying their difficulties in reappraisal and contributing to their 

emotional instability, which needs further investigation in relation to polarity of 

switching and cycling frequency in new BD samples.  

BD patients did not differ from HC in EC from the ventrolateral PFC (VLPFC) 

to amygdala, and between the DLPFC and VLPFC. VLPFC activation has often been 

observed during reappraisal (Buhle et al., 2014; Diekhof et al., 2011; Kalisch, 2009). 

It has been suggested that the VLPFC is not involved in cognitive control of emotion 

per se, but in detecting needs to regulate emotion, playing an intermediate role 

between top-down control from the DLPFC and bottom-up emotional processing by 

the amygdala during reappraisal (Kohn et al., 2014). Therefore, it might be proposed 

that there is a direct route of cognitive control on emotional processing from the 

DLPFC to the amygdala and an indirect route between the DLPFC and amygdala via 

the VLPFC. Our results suggest that indirect control of emotion (via the VLPFC) is 

preserved in BD patients, while direct control via the DLPFC appears to be disturbed. 

This might additionally explain why we did not find behavioural differences for BD 

patients. 

Furthermore, in HC, we observed no modulatory effects of reappraising on the 

DLPFC-VLPFC EC, which is in contrast to Morawetz et al. (19) who have shown 

bidirectional negative modulatory effects of reappraising on the DLPFC-VLPFC 

connections (leading to a negative connectivity from the VLPFC to DLPFC and a 

positive connectivity from the DLPFC to VLPFC). Important differences in DCM 

model structures might explain this discrepancy. Specifically, we tested all the 

possibilities of modulatory effects of reappraising on the DLPFC-VLPFC connections, 

while Morawetz et al. (Morawetz et al., 2015) predefined that at least one DLPFC-

VLPFC connection would be modulated while reappraising. Notably, with DCM 

 

 
 

analyses, superiority of one DCM model/family is relative to other included 

models/families, rather than absolutely superior. Therefore, investigating all possible 

modulatory effects on the DLPFC-VLPFC connections, as what we did, will provide 

more objective information. Moreover, our DCM models included the amygdala. 

Given that reappraising aims to reduce activity in affective areas to decrease 

negative affect (Kohn et al., 2014; Ochsner and Gross, 2005; Ochsner et al., 2012; 

Phillips et al., 2008b), and a meta-analysis has revealed the amygdala to be the only 

affective area being modulated by reappraising (Buhle et al., 2014), the amygdala 

seems a crucial area to include in DCM models investigating reappraisal. However, 

Morawetz et al. (2015) did not, by which important causal information might be 

missed. This reasoning leads us to believe that our study provides more informative 

knowledge on mechanisms underlying reappraising. Our results suggest that 

modulatory effects of reappraising on the indirect route between the DLPFC and 

VLPFC might help, but are not necessary for successful ER.  

 BD patients showed no differences in activation while reappraising compared 

to HC. Previous studies have shown mixed results regarding abnormal activation in 

BD patients (Corbalan et al., 2015; Kanske et al., 2015; Morris et al., 2012; 

Townsend et al., 2013), including heightened, lower and no differences in activation. 

Various differences between these studies can be described that may account for 

these mixed results, for example, differences in sample sizes of included patients 

(n=13,15,19,22,30), lengths of regulation phase (varying from 4s to 10s), the used 

paradigm (e.g., early versus late cueing paradigm) and statistical thresholds. It 

remains unclear how these differences contribute to these mixed results specifically.   

 Some limitations need to be mentioned. First, most BD patients were taking 

medication (antipsychotics and/or mood stabilizers). No studies have shed light on 

medication effects on EC. However, it has been reported that medication has no or 

ameliorative effects on brain activation and functional connectivity (Hafeman et al., 

2012; Phillips et al., 2008a). Therefore, it might be hypothesized that the observed 

EC differences between BD and HC may also have been reduced instead of being 

induced by medication. Second, our BD patients were mainly euthymic. It remains 

unknown whether the current results are more or less generalizable to BD patients 

during other mood states, given the different disturbances in ER circuits observed in 

depression versus euthymia (Rive et al., 2015). The group difference in modulatory 

effects of reappraising on EC from the DLPFC to amygdala became trend-wise after 
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Morawetz et al. (2015) did not, by which important causal information might be 

missed. This reasoning leads us to believe that our study provides more informative 

knowledge on mechanisms underlying reappraising. Our results suggest that 

modulatory effects of reappraising on the indirect route between the DLPFC and 

VLPFC might help, but are not necessary for successful ER.  

 BD patients showed no differences in activation while reappraising compared 

to HC. Previous studies have shown mixed results regarding abnormal activation in 

BD patients (Corbalan et al., 2015; Kanske et al., 2015; Morris et al., 2012; 

Townsend et al., 2013), including heightened, lower and no differences in activation. 

Various differences between these studies can be described that may account for 

these mixed results, for example, differences in sample sizes of included patients 

(n=13,15,19,22,30), lengths of regulation phase (varying from 4s to 10s), the used 

paradigm (e.g., early versus late cueing paradigm) and statistical thresholds. It 

remains unclear how these differences contribute to these mixed results specifically.   

 Some limitations need to be mentioned. First, most BD patients were taking 

medication (antipsychotics and/or mood stabilizers). No studies have shed light on 

medication effects on EC. However, it has been reported that medication has no or 

ameliorative effects on brain activation and functional connectivity (Hafeman et al., 

2012; Phillips et al., 2008a). Therefore, it might be hypothesized that the observed 

EC differences between BD and HC may also have been reduced instead of being 

induced by medication. Second, our BD patients were mainly euthymic. It remains 

unknown whether the current results are more or less generalizable to BD patients 

during other mood states, given the different disturbances in ER circuits observed in 

depression versus euthymia (Rive et al., 2015). The group difference in modulatory 

effects of reappraising on EC from the DLPFC to amygdala became trend-wise after 
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excluding depressed BD patients, which might be due to a drop in power and/or 

driving effects of depression. Therefore, future studies in bigger samples should 

investigate EC during different mood states (e.g., depression, mania and euthymia). 

Third, we did not obtain prospective follow-up data on occurrence of new mood-

episodes of either polarity, time to occurrence or cycling rate in these patients. It 

would be interesting to investigate this aberrant EC as potential prognostic neural 

marker for the course of illness. Finally, we restricted the VOIs to areas involved most 

during reappraisal based on a meta-analysis, to reduce model complexity (Stephan 

et al., 2010). Future EC research may explore a more extended ER circuit, but 

including more areas would not change the model estimation on the same 

connection (i.e., DLPFC-amygdala EC) (Stephan et al., 2010), meaning that our 

findings of EC group differences will not be affected by including more areas.  

 In conclusion, we showed that reversal of EC (inhibition) from the DLPFC to 

amygdala is important for normal reappraisal of negative emotional pictures. Our 

finding of weaker modulatory strength by reappraisal on the DLPFC-amygdala EC in 

BD patients indicates disturbed direct cognitive control over negative emotions. 

Furthermore, we showed that indirect control via the VLPFC was intact in these 

patients. Future studies of EC during effortful ER should investigate state and trait 

effects further and link these abnormalities to symptomatology like polarity of 

episodes and cycling frequency in BD patients.   
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Supplementary infomration 
 

Supplemental methods and materials 

Participants: inclusion criteria 

 Inclusion criteria for patients with bipolar disorder (BD) were: 1.) no change in 

medication one week before scanning; 2.) did not undergo electroconvulsive therapy 

one year prior to scanning; 3.) no psychiatric disorders other than BD. Because the 

BD patients were originally recruited to investigate illness insight, all BD patients 

were additionally required to have a history of psychotic symptoms during their 

episodes. For healthy controls (HC), no past or current psychiatric disorders 

(confirmed by the MINI-Plus) were required. All participants had to be MRI-

compatible (e.g. no metal implants or pregnancy) and having no somatic/neurological 

disorders that may influence the central nervous system.   

 
Emotion regulation task 

 For the stimuli of the task, 44 negative pictures and 22 neutral pictures were 

selected from the International Affective Picture System (Lang et al., 2005). Pictures 

with extreme negative valence were not included. As described previously (van der 

Meer et al., 2014), the emotion regulation (ER) task consisted of six phases (see 

Figure S1 for a procedure illustration). Participants were first presented with a neutral 

or negative picture for 2s (viewing). Subsequently, a regulation cue was shown below 

the picture for 4s during which participants had to regulate the emotion accordingly. 

After regulating, a black screen appeared for 2s (lingering), followed by a rating 

phase of 3s during which participants rated their intensity of negative feeling on a 

four-point scale (1=not negative at all; 4=extremely negative) (rating). Next, a screen 

with the word “relax” was shown for 4s (relaxing), followed by a black screen for 5s 

(inter-trial).  

There were two regulation instructions of interest: 1) attending, a continuation 

of the viewing phase without altering the emotional feeling; 2) reappraising, 

reconceptualization of the presented picture in order to decrease the emotional 

intensity. In terms of the stimulus valence and regulation instruction, there were three 

conditions: attending neutral (22 neutral pictures), attending negative (22 negative 

pictures) and reappraising (22 negative pictures). The conditions attending negative 

and reappraising were matched on degree of negative intensity and level of arousal. 
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Of note, there were two other regulation conditions included in the task: suppressing 

and increasing. Because these two conditions were not of our interest in the present 

study, we excluded these from the effective connectivity analyses (although modelled 

in the general linear model [GLM]).  

  The whole experiment was designed in two runs, with the T1-weighted 3D 

anatomical scanning in between as a rest period. Conditions were pseudo-randomly 

organized in an event-related design within runs, alternating with a 20s fixation period 

every nine or ten trials. Per condition, 22 trials were presented.  

 
Image acquisition 

 fMRI scanning was conducted in a 3.0 Tesla whole body scanner (Philips 

Intera, Best, NL), equipped with a sense-8 head coil. In order to avoid potential 

artifacts due to nasal cavities, the images were tilted approximately 30 degrees. For 

the functional data, T2-weighted echo planar images sequences were collected in the 

axial plane with an ascending interleaved procedure. Each functional image was 

composed of 37 slices (slice thickness = 3.5 mm, slice gap = 0 mm; TR = 2.0 s; TE = 

30 ms; flip angle = 70 º; FOV = 224.0, 129.5, 224.0; in-plane resolution 64×62 pixels; 

voxel size of 3.5 × 3.5 mm). Moreover, a whole brain T1-weighted 3D anatomical 

image (170 slices; TR = 9 ms; TE = 3.54 ms; FOV 256 mm; thickness = 1 mm, voxel 

size of 1 × 1 mm; flip angle = 8º) was acquired in the bicommissural plane.  

 
Pre-processing and first-level analyses 

Functional magnetic resonance imaging (fMRI) data were analyzed using the 

statistical parametric mapping (SPM12b, version 5970, www.fil.ion.ucl.ac.uk/spm) 

implemented in Matlab 7.13.0.564 (R2011b; the Math Works Inc., Natick, MA). Pre-

processing included reorienting the anatomical and functional images to the anterior-

posterior commissure plane, slice-time correction, realignment, co-registration, 

normalization to Montreal Neurological Institute (MNI) space and smoothing with a 

3D 6-mm full-width/half-maximum (FWHM) Gaussian kernel.  

At first-level, for each participant, 14 regressors were defined for the 

experimental conditions (i.e., viewing neutral, viewing negative, attending neutral, 

attending negative, reappraising, supressing, increasing, lingering after attending 

neutral, lingering after attending negative, lingering after reappraising, lingering after 

suppressing, lingering after increasing; rating and relaxing). Moreover, 12 regressors 

 

 
 

for head movements and their first derivatives were included. A high-pass filter of 128 

s was applied to avoid systematic low-frequency noise. 

 
Table S1 Guiding coordinates for volumes of interest 

Region L/R T MNI coordinates 

   x y z 

Dorsolateral prefrontal cortex L 4.32 -26 20 54 

Ventrolateral prefrontal cortex L 7.17 -48 26 14 

Amygdala L 4.97 -28 -2 -22 
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Table S2 Demographical and clinical information in all recruited participants  
Variables  BD HC p 
Age, (years) 

 

M (SD) 40.91 

(11.33) 

32.47 

(10.87) 

.02* 
Male/Female  N 10/13 10/7 .34 
Level of educationa M (SD) 5.82 (.96) 5.71 (.92) .71 
BDI/BD IIb N 20/2   
Intelligence (DART_correct)c M (SD) 41.68 

(5.11) 

41.13 (6.40) .77 
QIDS-SRd M (SD) 5.82 (5.51) 2.06 (1.12) .005* 
YMRS M (SD) 1.86 (3.01)   
ERQ_reappraisale M (SD) 4.41 (1.49) 4.80 (1.04) .38 
ERQ_suppressione M (SD) 3.33 (1.45) 2.59 (1.17) .11 
PANSSf M (SD)    
   Total   40.91 

(5.90) 

  
   Positive   10.00 

(3.32) 

  
   Negative  9.27 (2.59)   

     General psychopathology    21.64 

(3.06)  

  
Insightg   M (SD)    
     SAI-E    22.07 

(2.10) 

  
     BCIS_Composite score    8.67 (5.39)   
     BCIS_Self-reflectiveness    15.81 

(4.55) 

  
     BCIS_Self-Certainty    7.14 (2.63)   
Psychopharmacological drug  

 

  N   

 

 
     Antipsychotics     
        Olanzapine    7   
        Pimozide    1   
        Quetiapine 

 

 

   8   
     Antidepressants     
        Bupropion  

 

   1   
        Sertraline    2   
        Trazodone    1   
        Venlafaxine    1   
     Mood stabilizer         
        Valproic acid    5   
        Lithium    15   
    None    1   

Abbreviations: BCIS=Beck Cognitive Insight Scale; DART=Dutch Reading Test for Adults; 

ERQ=Emotion Regulation Questionnaire; QIDS-SR=Quick Inventory of Depressive Symptomatology 

(self-report); PANSS=Positive and Negative Syndrome Scale; SAI-E=Schedule of Assessment of 

Insight-Expanded Version; YMRS=Young Mania Rating Scale. *p<.05. aOne BD patient does not have 

education information. bOne BD patient does not have diagnosis information on BD type. cIntelligence 

information is not available for two HC and one BD patient. dInformation about current depression 

 

 
 

severity is missing for one HC and one BD. eScores on ERQ are not available for one HC and four BD 

patients. fScores on PANSS are not available for one BD patient. gThere is no information on all insight 

scales for one BD, and information on BCIS was missing for another BD patient. (all participants who 

have missing demographical and clinical data are from the sample not included in the DCM analyses) 

 
Table S3 Main task effects during reappraising > attending negative in all participants 

Region Side BA Cluster 

size 

T MNI coordinates 

     x y z 

Middle temporal gyrus/ 

superior temporal gyrus 

L 21/22 506 6.36 

6.30 

5.24 

4.59 

4.55 

3.69 

-56 

-60 

-52 

-44 

-46 

-56 

-46 

-32 

-28 

-40 

-44 

-52 

0 

2 

0 

4 

4 

16 

Ventrolateral prefrontal cortex R 45 125 5.66 

4.42 

4.27 

4.23 

4.07 

3.99 

54 

48 

50 

54 

54 

48 

26 

20 

16 

26 

18 

28 

8 

-10 

-10 

-2 

4 

-8 

Dorsomedial prefrontal cortex/ 

mid-cingulate cortex 

 32 199 4.79 

4.42 

-4 

6 

24 

28 

38 

36 

Angular gyrus L 39 76 4.71 

4.13 

-50 

-46 

-66 

-60 

28 

28 
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Table S4 Main task effects during attending negative>attending neutral in all 

participants  

Region Side BA Cluster size T MNI coordinates 

     x y z 

Inferior parietal lobule 

/angular gyrus 

L 40 92 4.53 

4.25 

-42 

-44 

-56 

-54 

34 

42 

 

 

Figure S1 Illustration of the task procedure.  

 

 
 

 
Figure S2 Illustration of the steps of DCM analyses in the present study 
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Figure S3 Negative ratings during task. For both BD patients and HC, there was a 

reduction of negative feelings after reappraising compared to attending negative, with 

the least negative feelings following attending neutral. No group differences or group 

× condition interaction are found. One error bar represents one SE in each direction. 

Abbreviations: BD=bipolar disorder; HC=healthy controls; SE=standard error 

 

 
Figure S4 BMS results within the winning sub-family#2.2, which demonstrates no 

robust winning model. Abbreviations: BMS=Bayesian model selection 
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the least negative feelings following attending neutral. No group differences or group 

× condition interaction are found. One error bar represents one SE in each direction. 
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Abstract 
Background: Suicidal ideation (SI) and previous suicide attempts (SA) are important 

predictors of future suicidal risk. Investigating their structural brain correlates may 

enhance our understanding of the biological basis of suicidal risk and might help in 

finding biomarkers to aid suicide prevention.  

Methods: Structural alterations were investigated using voxel-based morphometry 

(VBM) analysis in patients with major depressive disorder with current ideation and/or 

past attempts (suicidal risk patient [SRP]; n=68) or no ideation and attempts (patient 

controls [PC]; n=125), and matched healthy controls (HC; n=64). Effects of SI and SA 

(present/absent, separate dummies) on grey matter (GM) and white matter (WM) 

volumes were investigated using multiple regression analysis in patients only. 

Additionally, we compared SRP to PC and HC on GM/WM volumes (one-way 

ANOVA).  

Results: Regression analysis demonstrated a negative association between suicidal 

risk (SI and SA combined) and GM volumes in the dorsolateral prefrontal cortex 

extending to the ventrolateral prefrontal cortex (pFWE=.039), which could not be 

attributed to SI or SA alone. Compared to PC, SRP showed marginally smaller GM 

volumes in this area (pFWE=.066). Effects were unaffected by severity of depression, 

current diagnosis of anxiety disorders, or medication use. No WM-alterations were 

observed.  

Conclusions: Reduced lateral prefrontal volumes in SRP may represent a trait-like 

vulnerability. This suggests that investigating a composite effect of current SI and 

past SA may be more informative for future suicidal risk. Future studies might link this 

prefrontal structural alterations to its functioning, for instance the association with 

disturbed cognitive control of emotions.  
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Introduction 
 Each year, almost one million people commit suicide (Krug et al., 2002), and the 

suicide rate has increased by approximately 24 percent from 1999 to 2014 (Curtin et al., 

2016). Therefore, suicide prevention is important, yet challenging. It has been shown that 

around 90 percent of suicidal behavior occurs in people with psychiatric disorders (Harris 

and Barraclough, 1997), especially major depressive disorder (MDD) (Angst et al., 1999). 

Both suicide attempts (SA) and suicidal ideation (SI) have been found to be important risk 

factors for future suicide (Fawcett et al., 1990; Hawton and van Heeringen, 2009; Kessler 

et al., 1999), although not consistently for SI (Large et al., 2011). On the other hand, SA 

and SI have been found to be differential processes, for instance, the high association 

between psychiatric disorders and suicidal behavior is mainly driven by an association 

with SI instead of SA (Nock et al., 2009), and suicidal ideators with SA and those without 

SA show differences in experienced stressful events (McFeeters et al., 2015). 

Furthermore, in line with the fact that not all patients with SI would finally commit SA 

(Curtin et al., 2016), the transition from SI to SA seems important for suicidality (Klonsky 

et al., 2016). This implies that investigating risks for suicidal behavior in relation to both SI 

and SA may provide important but different information. To this end, the present study 

focused on structural mechanisms underlying suicidal processes, by investigating MDD 

patients with SI and/or SA and those patients without SI and SA but still having a 

comparable psychiatric illness. 

 Voxel-based morphometry (VBM) is a widely used method to investigate structural 

alterations (Ashburner and Friston, 2000). Previous studies of structural alterations 

related to suicidal behavior have focused on patients with SA. Although with few studies 

(n=6) and small samples (mostly fewer than 20) included, a meta-analysis of studies 

comparing subjects with SA versus patient controls found support for lower grey matter 

(GM) volumes in the rectal gyrus of the orbitofrontal cortex (OFC), temporal gyrus and 

caudate nucleus in suicide attempters (van Heeringen et al., 2014). Moreover, a more 

recent study (Ding et al., 2015) reported reduced GM volumes in the dorsolateral 

prefrontal cortex (DLPFC), ventrolateral prefrontal cortex (VLPFC) and OFC in patients 

with mood disorders (MDD and bipolar disorder) who had a history of SA compared to 

healthy individuals. Most of these areas have been involved in emotion regulation (ER) 

(Buhle et al., 2014; Ochsner and Gross, 2005; Ochsner et al., 2012), which links these 

findings to the suggestion that dysfunctional ER plays an important role in suicidal 

behavior (Aleman and Denys, 2014; Jollant et al., 2011). However, it is unclear whether 
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Abstract 
Background: Suicidal ideation (SI) and previous suicide attempts (SA) are important 

predictors of future suicidal risk. Investigating their structural brain correlates may 

enhance our understanding of the biological basis of suicidal risk and might help in 

finding biomarkers to aid suicide prevention.  

Methods: Structural alterations were investigated using voxel-based morphometry 

(VBM) analysis in patients with major depressive disorder with current ideation and/or 

past attempts (suicidal risk patient [SRP]; n=68) or no ideation and attempts (patient 

controls [PC]; n=125), and matched healthy controls (HC; n=64). Effects of SI and SA 

(present/absent, separate dummies) on grey matter (GM) and white matter (WM) 

volumes were investigated using multiple regression analysis in patients only. 
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current diagnosis of anxiety disorders, or medication use. No WM-alterations were 
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vulnerability. This suggests that investigating a composite effect of current SI and 
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et al., 2016). This implies that investigating risks for suicidal behavior in relation to both SI 

and SA may provide important but different information. To this end, the present study 

focused on structural mechanisms underlying suicidal processes, by investigating MDD 

patients with SI and/or SA and those patients without SI and SA but still having a 

comparable psychiatric illness. 

 Voxel-based morphometry (VBM) is a widely used method to investigate structural 

alterations (Ashburner and Friston, 2000). Previous studies of structural alterations 

related to suicidal behavior have focused on patients with SA. Although with few studies 

(n=6) and small samples (mostly fewer than 20) included, a meta-analysis of studies 

comparing subjects with SA versus patient controls found support for lower grey matter 

(GM) volumes in the rectal gyrus of the orbitofrontal cortex (OFC), temporal gyrus and 

caudate nucleus in suicide attempters (van Heeringen et al., 2014). Moreover, a more 

recent study (Ding et al., 2015) reported reduced GM volumes in the dorsolateral 

prefrontal cortex (DLPFC), ventrolateral prefrontal cortex (VLPFC) and OFC in patients 

with mood disorders (MDD and bipolar disorder) who had a history of SA compared to 

healthy individuals. Most of these areas have been involved in emotion regulation (ER) 

(Buhle et al., 2014; Ochsner and Gross, 2005; Ochsner et al., 2012), which links these 

findings to the suggestion that dysfunctional ER plays an important role in suicidal 

behavior (Aleman and Denys, 2014; Jollant et al., 2011). However, it is unclear whether 
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these observed structural alterations in patients with past SA are also associated with SI, 

since SA would imply occurrence of earlier SI (Klonsky et al., 2016). To our best 

knowledge, no VBM studies have been conducted on pure effects of SI in adult patients, 

although effects of SI have been studied in pediatric individuals (Caplan et al., 2010).  

 Therefore, we aimed to investigate structural alterations specifically related to 

suicidal risk in MDD patients by using VBM, while controlling explicitly for psychiatric 

disease related effects by including a patient control group. Moreover, we explored 

whether there were differential structural abnormalities in relation to SI and SA. Given 

altered brain volumes observed in SA patients in previous studies and the importance of 

regions involved in ER for suicidal behavior, we expected to find lower GM volumes in 

those regions important for ER (e.g., prefrontal cortex) in relation to suicidal risk.  

 

Methods  
Participants 

 Participants were selected from the neuroimaging baseline measurement of 

the Netherlands Study of Depression and Anxiety (NESDA) (Penninx et al., 2008; 

van Tol et al., 2010). Inclusion criteria for patients for the current analyses were: i) a 

life-time MDD diagnosis based on the Composite International Diagnostic Interview 

(CIDI, life-time version 2.1) (World Health Organization, 1997); ii) no comorbid 

disorders other than anxiety disorder; iii) no current use of antidepressant (AD) (in 

the month before inclusion) other than selective serotonin reuptake inhibitor (SSRI), 

venlafaxine (a serotonine noradrenaline reuptake inhibitor [SNRI]) or infrequent use 

of benzodiazepine (not within 48 hours prior to scanning). One hundred and ninety 

three MDD patients fulfilling criteria for a life-time diagnosis of MDD were included. 

Moreover, 64 healthy controls (HC) were included, who were required to have no 

current or past psychiatric disorders (confirmed by the CIDI). All participants were 

magnetic resonance imaging (MRI)-compatible (e.g., not pregnant or no metal 

implants).   

Current SI was measured with the first five items of the semi-structured Scale 

for Suicide Ideation (SSI; (Beck et al., 1979) concerning attitudes towards living and 

dying. A positive score on at least one of the five SSI-items indicated presence of 

current SI. A history of SA was assessed with an explicit question (SA-question): 

“Have you ever made a serious attempt to end your life, for instance by harming or 

poisoning yourself or by getting into an accident?”. According to the SSI-score and 

 

 
 

answer to the SA-question, MDD patients were categorized into two groups: i) 

suicidal risk patients (SRP; ‘SSI>0’ and/or ‘QSA=yes’; n=68); ii) patient controls (PC; 

‘SSI=0 and QSA=no’; n=125). In the HC sample the SSI and SA-question were also 

administered to exclude HC with current SI or past SA.  

 The present study was approved by the medical ethical committees of the 

University Medical Center Groningen (UMCG), VU University Medical Center 

Amsterdam (VUMC), and Leiden University Medical Center (LUMC). All participants 

provided written informed consent.    

 

Clinical assessment and measures 

 For patients, SSI, SA-question and current and past diagnoses of MDD and/or 

anxiety using the CIDI (World Health Organization, 1997) were assessed during a 

baseline interview that was held approximately two months before MRI-scanning. On 

the day of scanning, the Beck Anxiety Inventory (BAI, Beck et al., 1988) and the 

Montgomery-Asberg Depression Scale (MADRS, Montgomery and Asberg, 1979) 

were assessed to measure current severity of anxiety and depression, respectively. 

Of note, for comparing the groups on current severity of depression, a subtotal 

MADRS-score was calculated for each participant by excluding the suicide item 

(MADRS-total score minus score on the suicide item 10), because our patients were 

categorized in terms of suicidality. Assessment on current psychotherapy use (in the 

past six-months from baseline interview) was based on sub-items of the 

Trimbos/iMTA questionnaire for costs associated with psychiatric illness (TIC-P) 

(Hakkaart-van Roijen et al., 2002), which assesses contacts with psychologists, 

psychiatrists, psychotherapists or relevant institute in relation to mental problems.     

 

Image acquisition 

Structural MRI data were acquired using Philips 3T MR-scanners (Best, the 

Netherlands) at three locations, including Groningen, Leiden (both SENSE-8 channel 

head coil), and Amsterdam (SENSE-6 channel head coil). Anatomical scanning was 

conducted with a sagittal 3D gradient-echo T1-weighted sequence (TR=9 ms, 

TE=3.5 ms, matrix 256 × 256, isotropic voxel of 1 mm, slice gap=0 mm, 170 slices).  
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Data analysis  

Demographic data  

 All groups were compared on age, level of education, subtotal MADRS-score, 

BAI-score, sex, and scanning site using one-way analyses of variance (ANOVAs) 

and chi-square tests where appropriate. In addition, we compared SRP to PC on 

these variables, as well as on current (i.e., half-year) diagnosis of MDD and/or 

anxiety disorder, use of psychotherapy, and medication use. For SRP, the SI severity 

was calculated as sum of the first five items of the SSI (range from 1 to 10), in which 

each item scores from 0 to 2. Higher SSI-score indicates higher SI severity.   

 

Voxel-based morphometry 

Voxel-based morphometry (VBM) analysis was performed by using statistical 

parametric mapping (SPM12, version 6685, www.fil.ion.ucl.ac.uk/spm) running under 

Matlab (R2013a; the Math Works Inc., Natick, MA). First, the origin of the structural 

image was manually reoriented to the anterior commissure (AC). Pre-processing for 

VBM analysis consisted of tissue segmentation into GM, WM, and CSF (using six 

prior probability maps), applying the DARTEL tools for creating a data-specific 

DARTEL template (based on GM, WM and CSF segments) to which all segments 

were subsequently normalized (for GM, WM and CSF, modulation by the Jacobian 

determinants was applied so that the volume of each voxel was identical before and 

after normalization), normalisation to Montreal Neurological Institute (MNI) space, 

and smoothing with a full width at half maximum (FWHM) Gaussian kernel of 8 mm. 

Moreover, a GM and WM mask was created to exclude non-GM/WM voxels from 

subsequent analyses. These optimal threshold GM and WM masks were created 

based on all participants using the Masking toolbox 

(http://www.fil.ion.ucl.ac.uk/spm/ext/#Masking). 

Pre-processed data were analyzed within the framework of the general linear 

model (GLM). For our main purpose of investigating structural variations in relation to 

vulnerability to suicidal behaviour, we set up multiple regression models in patients 

only, with presence of SI (present/absent) and presence of SA (present/absent) as 

two separate dummy variables. We tested for both the pure and combined effects of 

SI and SA, in order to explore the unique and shared contribution of SI and SA to 

potential GM/WM volumes alterations in SRP. Scanning site was added as covariate 

(two dummies), and we corrected for brain size variations between participants by 

 

 
 

entering brain volume (i.e., sum of GM and WM) as a global measure using 

proportional scaling. Whole-brain analyses were performed for both GM and WM, 

applying the optimal threshold GM/WM mask. We repeated these regression 

analyses after adding amended MADRS-score (i.e., total score minus score on 

suicidality item) and presence of anxiety (dummy variable) as covariates. In a 

subsequent step, sex (dummy variable) and medication use (SSRI and/or 

venlafaxine as one dummy variable) were added as covariates, to control for their 

potential effects on the results. 

 Furthermore, in order to explore the comparison with control groups, we built a 

one-way ANOVA model for GM and WM respectively, with group (3: SRP, PC and 

HC) as the independent variable. For GM, because of our a priori hypothesis that 

SRP have reduced regional volumes, we performed planned comparisons between 

SRP and PC, and between SRP and HC. Scanning site was added as covariate of no 

interest, and brain size variations were corrected for by modelling them as 

proportionally scaled globals. Whole-brain analyses were performed for both GM and 

WM, in which the GM and WM mask was used, respectively. We repeated these 

analyses by adding sex (dummy variable) and amended MADRS-score as covariates 

in a step-wise manner, to control for their potential confounding effects.  

 For all analyses, the statistical threshold was set to p<.05 family wise error 

(FWE) whole-brain corrected for multiple comparisons at the cluster-level (after 

correction for non-stationary of smoothness, 

http://fmri.wfubmc.edu/cms/software#NS), with an initial voxel-wise height threshold 

of p<.001 uncorrected. In addition, effects occurring in GM regions previously 

associated with SA in the meta-analysis of van Heeringen et al. (2014) (i.e., the left 

rectal gyrus, left superior temporal gyrus and left caudate nucleus), were reported at 

the same threshold (p<.05 FWE corrected at the cluster level), with correction for the 

spatial extent within these regions of interest. For this purpose, we created a binary 

mask based on the corresponding Automated Anatomical Labeling (AAL) labels, 

implemented in the WFU Pick Atlas toolbox (Tzourio-Mazoyer et al., 2002).  

 

Results  
Sample description 

 Two HC were excluded due to presence of SI or SA. In order to match 

demographics between groups and clinical variables between patient groups, 17 PC 
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and 12 HC were excluded. In total, there were 226 participants included in the 

analyses (HC, n=50; PC, n=108; SRP=68). In the SRP group, 44 patients had current 

SI and 34 patients had a history of SA (10 patients reported both current SI and past 

SA).    

 Groups (HC, PC and SRP) did not differ statistically on age, level of education, 

sex ratio, and scanning site. Patient groups had higher level of current depression 

and anxiety than HC. In addition, PC and SRP were comparable on all demographic 

and clinical variables, except for their level of depression (15.70 [PC] versus 18.72 

[SRP]; p=.03). Detailed demographical and clinical information is listed in Table 1 

(Table S1 also describes demographics in two sub-groups of SRP: suicidal ideators 

[i.e., patients with presence of SI] and suicide attempters [i.e., patients with presence 

of SA]). 

    

VBM results 

 For the GM analysis, in the regression model in the patients with or without SI 

and/or SA, there was a negative association between suicidal risk (presence of SI 

and/or SA) and GM volumes in the right DLPFC extending to the VLPFC (Figure 1; 

pFWE=.039, k=494, z=4.35, t=4.48, x, y, z=39, 45, 2), as well as in the left DLPFC 

extending to the VLPFC, although without reaching statistical significance (pFWE=.14, 

k=292, z=3.65, t=3.73, x, y, z=-48, 38, 27). However, this relation was not uniquely 

driven by SI or SA alone as the presence of either SI or SA alone did not result in 

significant associations with GM volumes. Also, there were no associations between 

WM alteration and presence of SI and/or SA. Factors including depression severity, 

presence of anxiety, sex, and medication use had no influence on these results.  

 Furthermore, for the GM, the model including SRP, PC and HC showed no 

significant main effect for group. However, our planned comparison of SRP 

compared to PC showed a trend-wise GM reduction in the right DLPFC extending to 

the VLPFC (Figure 1S; pFWE=.066, k=476, z=4.02, t=4.10, MNI-coordinate x, y, z=38, 

45, 0), and a comparable DLPFC/VLPFC cluster in the left hemisphere without 

reaching statistical significance (pFWE=.18, k=247, z=3.81, t=3.88, MNI-coordinate x, 

y, z=-48, 38, 27). Comparing SRP to HC did not reveal GM volume differences. 

There were no increased GM volumes in SRP compared to PC and HC. Adding sex, 

and depression severity as covariates gave similar results. Regarding WM, there was 

 

 
 

no significant main effect of group or effects resulting from the planned comparisons. 

No effects were observed in our hypothesized GM areas. 

 
Table 1 Demographics and clinical information for HC, PC and SRP 

 
Abbreviations: AMC=Academic Medical Center Amsterdam; BAI=Beck Anxiety Inventory; HC=healthy 

controls; LUMC=Leiden University Medical Center; MADRS=Montgomery-Asberg Depression Scale; 

MDD=major depressive disorder; MDD+=major depressive disorder with a comorbidity of anxiety; 

PC=patient controls; SRP=suicidal risk patients; SNRI= Serotonine noradrenaline reuptake inhibitor; 

SSRI= Selective serotonin reuptake inhibitor; UMCG=University Medical Center Groningen. *p<.05. 
aThe scanning part for VU University Medical Center Amsterdam was conducted at AMC. bSub-total 

MADRS score and score on the MADRS suicide item are not available for three PC and three SRP 

who were not included in the analyses including covariate of depression severity. cOne HC, four PC 

and one SRP do not have BAI scores. dIn patients with presence of SI, one SRP patient does not have 

complete SSI information.  
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VBM results 
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and/or SA, there was a negative association between suicidal risk (presence of SI 

and/or SA) and GM volumes in the right DLPFC extending to the VLPFC (Figure 1; 

pFWE=.039, k=494, z=4.35, t=4.48, x, y, z=39, 45, 2), as well as in the left DLPFC 
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k=292, z=3.65, t=3.73, x, y, z=-48, 38, 27). However, this relation was not uniquely 
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significant associations with GM volumes. Also, there were no associations between 

WM alteration and presence of SI and/or SA. Factors including depression severity, 

presence of anxiety, sex, and medication use had no influence on these results.  

 Furthermore, for the GM, the model including SRP, PC and HC showed no 

significant main effect for group. However, our planned comparison of SRP 

compared to PC showed a trend-wise GM reduction in the right DLPFC extending to 

the VLPFC (Figure 1S; pFWE=.066, k=476, z=4.02, t=4.10, MNI-coordinate x, y, z=38, 

45, 0), and a comparable DLPFC/VLPFC cluster in the left hemisphere without 

reaching statistical significance (pFWE=.18, k=247, z=3.81, t=3.88, MNI-coordinate x, 

y, z=-48, 38, 27). Comparing SRP to HC did not reveal GM volume differences. 

There were no increased GM volumes in SRP compared to PC and HC. Adding sex, 

and depression severity as covariates gave similar results. Regarding WM, there was 

 

 
 

no significant main effect of group or effects resulting from the planned comparisons. 

No effects were observed in our hypothesized GM areas. 

 
Table 1 Demographics and clinical information for HC, PC and SRP 

 
Abbreviations: AMC=Academic Medical Center Amsterdam; BAI=Beck Anxiety Inventory; HC=healthy 

controls; LUMC=Leiden University Medical Center; MADRS=Montgomery-Asberg Depression Scale; 

MDD=major depressive disorder; MDD+=major depressive disorder with a comorbidity of anxiety; 

PC=patient controls; SRP=suicidal risk patients; SNRI= Serotonine noradrenaline reuptake inhibitor; 

SSRI= Selective serotonin reuptake inhibitor; UMCG=University Medical Center Groningen. *p<.05. 
aThe scanning part for VU University Medical Center Amsterdam was conducted at AMC. bSub-total 

MADRS score and score on the MADRS suicide item are not available for three PC and three SRP 

who were not included in the analyses including covariate of depression severity. cOne HC, four PC 

and one SRP do not have BAI scores. dIn patients with presence of SI, one SRP patient does not have 

complete SSI information.  

 

 

  

 

79

C
h

ap
te

r 
4

 |
 S

ui
ci

de
 a

nd
 V

B
M



 

 
 

 
Figure 1 There was a negative association between suicidal risk (presence of SI 

and/or SA) and GM volumes in the right DLPFC extending to the VLPFC. 

Abbreviations: DLPFC=dorsolateral prefrontal cortex; GM=grey matter; SA=suicide 

attempts; SI=suicidal ideation; VLPFC=ventrolateral prefrontal cortex.  
 

Discussion  
 In this study, we examined structural brain alterations in relation to presence 

of current suicidal ideation (SI) and past suicide attempts (SA) in patients with major 

depressive disorder (MDD). Most importantly, we found reduced grey matter (GM) 

volumes in the dorsolateral prefrontal cortex (DLPFC) extending to the ventrolateral 

prefrontal cortex (VLPFC) in association with general suicide risk (a composite of SI 

and SA), that could not be attributed to SI or SA alone. There were no associations of 

white matter (WM) volumes related to suicidal risk factors (SI, SA or combined 

effects). These results suggest that reduced GM volulmes in the lateral prefrontal 

cortex (PFC) might underlie the structural features of suicidal risk, in particular when 

considering the effects of SI and SA simultaneously.  

 Reduced GM volume in the lateral PFC was confirmed only in our regression 

analysis of main interest. Our marginally significant effects in the ANOVA might be 

due to a power drop compared to the regression analysis, where we explained 

differential and combined effects of SI and SA instead of suicidal risk only. The 

functional significance of the reduced DLPFC/VLPFC volumes associated with SI 

and SA needs to be clarified further though. The DLPFC and VLPFC are important 

prefrontal areas subserving cognitive control (Miller and Cohen, 2001). Deficiencies 

in cognitive control domains, for instance in decision making, verbal fluency, 

 

 
 

problem-solving, attentional bias to negative events, have been closely associated 

with suicidal behavior, with the involvement of the DLPFC/VLPFC (Jollant et al., 

2011; Richard-Devantoy et al., 2014). Furthermore, the cognitive control of the lateral 

PFC has also been involved in an emotional context, including response inhibition in 

an context of negative emotional processing (Goldstein et al., 2007) and 

implementing cognitive control to regulate emotion (Buhle et al., 2014; Diekhof et al., 

2011; Kalisch, 2009). Indeed, it has been suggested that disturbed emotion 

regulation (ER) is essential in suicidal behavior (Aleman and Denys, 2014; Jollant et 

al., 2011), the structural alterations in the DLPFC/VLPFC may underlie dysfunction of 

this prefrontal area during cognitive control of emotion and behavior. It might be 

speculated that when confronted with negative events (e.g., stressful situations, 

pain), difficulties in cognitive control of emotion might be associated with enhanced 

emotional intensity, and may particularly in these individuals lead to suicidal 

thoughts, or even attempts. Therefore, we propose that the observed GM alterations 

in the DLPFC/VLPFC in relation to SI and SA may represent a trait-like feature of 

suicidal risk. If replicated, the identification of this structural abnormality might help to 

find structural markers for (imminent) suicidal behavior.  

 In our investigation of SI alone, no altered GM/WM volumes were statistically 

observable. This suggests that presence of SI is either not necessarily associated 

with biological abnormalities in brain volumes, or does not have sufficient power to 

detect brain volume alterations. Notably, the present SI patients mostly showed mild 

forms of SI (average SI severity was 2.26 out of 10, ranging from1 to 7). Severity of 

SI has been hypothesized to mediate the transition process from SI to SA (Klonsky et 

al., 2016), which implies that the suicide act would occur only when SI is severe 

enough. However, the narrow variations of SI severity in our sample prevents us from 

further exploring whether GM/WM volumes vary with SI severity, for which future 

studies would be of interest. In the mean while, our results suggest that even with 

only mild SI, when comsidering past SA simultaneously, the integrated effect of SI 

and SA could still be informative, which may aid the search for early suicide 

biomarkers. 

 Alternatively, not observing differences in GM/WM volumes in relation to SI 

may be due to structural alterations appearing at a later stage than SI, consistent 

with previous findings of a meta-analysis on GM volumes differences in relation to SA 

compared to PC (van Heeringen et al., 2014). However, we did not find strong 
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al., 2011), the structural alterations in the DLPFC/VLPFC may underlie dysfunction of 

this prefrontal area during cognitive control of emotion and behavior. It might be 

speculated that when confronted with negative events (e.g., stressful situations, 

pain), difficulties in cognitive control of emotion might be associated with enhanced 

emotional intensity, and may particularly in these individuals lead to suicidal 

thoughts, or even attempts. Therefore, we propose that the observed GM alterations 

in the DLPFC/VLPFC in relation to SI and SA may represent a trait-like feature of 

suicidal risk. If replicated, the identification of this structural abnormality might help to 

find structural markers for (imminent) suicidal behavior.  

 In our investigation of SI alone, no altered GM/WM volumes were statistically 

observable. This suggests that presence of SI is either not necessarily associated 

with biological abnormalities in brain volumes, or does not have sufficient power to 

detect brain volume alterations. Notably, the present SI patients mostly showed mild 

forms of SI (average SI severity was 2.26 out of 10, ranging from1 to 7). Severity of 

SI has been hypothesized to mediate the transition process from SI to SA (Klonsky et 

al., 2016), which implies that the suicide act would occur only when SI is severe 

enough. However, the narrow variations of SI severity in our sample prevents us from 

further exploring whether GM/WM volumes vary with SI severity, for which future 

studies would be of interest. In the mean while, our results suggest that even with 

only mild SI, when comsidering past SA simultaneously, the integrated effect of SI 

and SA could still be informative, which may aid the search for early suicide 

biomarkers. 

 Alternatively, not observing differences in GM/WM volumes in relation to SI 

may be due to structural alterations appearing at a later stage than SI, consistent 

with previous findings of a meta-analysis on GM volumes differences in relation to SA 

compared to PC (van Heeringen et al., 2014). However, we did not find strong 
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influences of SA on GM/WM volumes, as the effects were only significant when both 

SA and SI were considered simultaneously. The retained WM volumes observed in 

the present study replicate previous findings (Kim et al., 2015; Nery-Fernandes et al., 

2012; van Heeringen et al., 2014), although not consistently (Rusch et al., 2008). 

Regarding GM volumes in relation to SA, in addition to the meta-analysis (van 

Heeringen et al., 2014), there have been mixed results in individual studies, including 

reduced but also increased GM volumes in different areas across studies, as well as 

preserved GM volumes (Ding et al., 2015; Kim et al., 2015; Monkul et al., 2007; Nery-

Fernandes et al., 2012; Spoletini et al., 2011). These discrepancies might be 

explained by the fact that previous studies of SA did not consider the potential 

confounding effects from current SI. Perhaps the GM alterations in association with 

SA observed in previous studies stem from an integrated effect of both current SI and 

past SA, as demonstrated in the present study. However, information of SI was not 

available in previous studies, which prevents us from testing this hypothesis. Also, 

most of the conducted studies (including studies in the meta-analysis study) have a 

small sample size of patients with SA (lower than 20), which might contribute to the 

observed mixed results. Replication in bigger samples as we had is therefore 

needed.  

 Some limitations of the current study need to be mentioned. First, the present 

data were collected at three different locations. Although the same MRI scanning 

parameters were used across the three scanning sites, and scanning site was added 

as covariate of no interest to the analyses, this might still have influenced the results. 

Second, it remains unclear to what extent our results could generalize to populations 

with other psychiatric disorders. Future investigation of SI and SA in other psychiatric 

populations (e.g., schizophrenia) might be interesting. Third, the assessments of SI 

and SA were based on a basline interview (i.e., scale for suicide ideation [SSI]) 

conducted around two-month before scanning. Whether mild forms of SI and SA 

changes during this period, and if any changes will affect the present results are not 

clear. However, scores on the suicide item from the Montgomery-Asberg Depression 

Scale (MADRS), a measure conducted on day of scanning, also indicate mild suicidal 

severity. This might imply that the level of SI and SA remains stable in general during 

the two-month gap between the baseline interview and MRI-scanning. Fourth, review 

studies have suggested that patients with suicidal behavior are impaired in several 

aspects of neurocognitive functions, such as decision-making, emotional attention, 

 

 
 

problem-solving and impulsivity (Jollant et al., 2011; O'Connor and Nock, 2014). It is 

unclear to what extent our observed structural alterations underlie the aberrant 

neurocognitive functions in relation to suicidal behavior, and whether structural 

alterations precede impaired neurocognitive functions, or are the consequence of 

such dysfunctions. Future studies may further examine the relationship between 

structural and functional changes in relation to suicidal behavior.  

 In conclusion, we showed decreased volumes in the DLPFC/VLPFC in relation 

to a combined effect of presence of current SI and presence of SA, while no separate 

effects of current SI and SA on brain volumes were observable. This prefrontal 

structural alteration might represent trait-like vulnerability for suicidal behavior, which 

might be associated with dysfunctional ER and deficient inhibition of suicidal acts. 
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Supplementary information 
 
Table S1 Demographics and clinical information for HC, PC and SRP 

Variables  suicidal 

ideatorsa 

suicide 

attemptersa 

Age  M(SD) 36.89 (10.14) 39.32 (8.68) 

Level of education (years) M(SD) 12.20 (3.04) 11.68 (3.11) 

Sex (male/female) N 20/24 10/24 

Scanning site 

(AMC/LUMC/UMCG) 

N 11/19/14 9/14/11 

MADRS_subtotalb M(SD) 18.58 (10.08) 19.29 (8.42) 

MADRS_suicide itemb M(SD) 1.09 (1.44) .87 (1.06) 

BAIc M(SD) 15.57 (9.48) 18.03 (9.60) 

SI severityd M(SD) 2.26 (1.48) .74 (1.40) 

Number of SA M(SD) .50 (1.13) 1.68 (1.17) 

Psychotherapy use (no/yes) N 11/33 6/28 

SSRI (no/yes) N 28/16 24/10 

Venlafaxine  

(SNRI, no/yes) 

N 43/1 30/4 

Current diagnosis 

(mdd/mdd+/anxiety) 

N 17/23/4 6/23/5 

Abbreviations: AMC=Academic Medical Center Amsterdam; BAI=Beck Anxiety Inventory; HC=healthy 

controls; LUMC=Leiden University Medical Center; MADRS=Montgomery-Asberg Depression Scale; 

MDD=major depressive disorder; MDD+=major depressive disorder with a comorbidity of anxiety; 

PC=patient controls; SRP=suicidal risk patients; SNRI= Serotonine noradrenaline reuptake inhibitor; 

SSRI= Selective serotonin reuptake inhibitor; UMCG=University Medical Center Groningen. aSuicidal 

ideators are defined as patients with presence of current suicidal ideation, and suicide attempters as 

patients with past suicide attempts. There are 10 patients with both suicidal ideation and suicide 

attempts. bSub-total MADRS score and score on the MADRS suicide item are not available for one SI 

and two SA. cOne suicide attempter does not have BAI scores. dSI severity was calculated as sum of 

the first five items from the Scale for Suicide Ideation (range from 1 to 10) . In suicidal ideators, one 

patient does not have complete SSI information.  

 
  

 

 
 

 
Figure S1 (a) Compared to PC, SRP showed a trend-wise reduction in GM volumes 

in the DLPFC extending into the VLPFC. (b) A visual illustration of this cluster in 

SRP, PC, and HC was shown, with HC showing intermediate GM volumes beween 

SRP and PC. The error bar is one SE in each direction. Abbreviations: 

DLPFC=dorsolateral prefrontal cortex; GM=grey matter; HC=healthy controls; 

PC=patient controls; SRP=suicidal risk patients; VLPFC=ventrolateral prefrontal 

cortex. 
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Figure S1 (a) Compared to PC, SRP showed a trend-wise reduction in GM volumes 

in the DLPFC extending into the VLPFC. (b) A visual illustration of this cluster in 

SRP, PC, and HC was shown, with HC showing intermediate GM volumes beween 

SRP and PC. The error bar is one SE in each direction. Abbreviations: 

DLPFC=dorsolateral prefrontal cortex; GM=grey matter; HC=healthy controls; 

PC=patient controls; SRP=suicidal risk patients; VLPFC=ventrolateral prefrontal 

cortex. 
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CHAPTER  5

Brain activation during self- and other-
reflection in bipolar disorder with a history 
of psychosis: comparison to schizophrenia

 

 
 



 

 

Abstract 
Background: Reflecting on the self and on others activates specific brain areas and 

contributes to metacognition and social cognition. The aim of the current study is to 

investigate brain activation during self- and other-reflection in patients with bipolar 

disorder (BD). In addition, we examined whether potential abnormal brain activation 

in BD patients could distinguish BD from patients with schizophrenia (SZ).  
Methods: During functional magnetic resonance imaging (fMRI), 17 BD patients, 17 

SZ patients and 21 healthy controls (HC) performed a self-reflection task. The task 

consisted of sentences divided into three conditions: self-reflection, other-reflection 

and semantic control.  
Results: BD patients showed less activation in the posterior cingulate cortex (PCC) 

extending to the precuneus during other-reflection compared to HC (p=0.028 FWE 

corrected on cluster-level within the regions of interest). In SZ patients, the level of 

activation in this area was in between BD patients and HC, with no significant 

differences between patients with SZ and BD. There were no group differences in 

brain activation during self-reflection. Moreover, there was a positive correlation 

between the PCC/precuneus activation during other-reflection and cognitive insight in 

SZ patients, but not in BD patients.  
Conclusions: BD patients showed less activation in the PCC/precuneus during 

other-reflection. This may support an account of impaired integration of emotion and 

memory (evaluation of past and current other-related information) in BD patients. 

Correlation differences of the PCC/precuneus activation with the cognitive insight in 

patients with BD and SZ might reflect an important difference between these 

disorders, which may help to further explore potentially distinguishing markers.  

 

Key words: Self-reflection; Other-reflection; Bipolar disorder; Schizophrenia; 

Posterior cingulate cortex; Precuneus 
 
 
 

 

 

Introduction 
 Several studies have demonstrated disturbed metacognitive processing in 

patients with bipolar disorder (BD) (Batmaz et al., 2014; Samame, 2013; Thaler et al., 

2013). Self- and other-reflection can be considered metacognitive processes and 

refer to the evaluation process by which people determine to what extent certain 

cues (e.g. traits and attitudes) apply to themselves or others respectively (van der 

Meer et al., 2010). Patients with BD may show comparable impairments in several 

metacognitive domains as patients with schizophrenia (SZ) (Brüne, 2005; Rabin et 

al., 2014; Thaler et al., 2013) in whom self- and other-reflection have been 

investigated more abundantly (Bedford et al., 2012; Holt et al., 2011; Murphy et al., 

2010; Pauly et al., 2013; van der Meer et al., 2013). However, little is known about 

self- and other-reflection and the underlying neural correlates in BD patients.  

Self- and other-reflection are related to the function of cortical midline 

structures (CMS). The CMS consist of the anterior cingulate cortex (ACC), posterior 

cingulate cortex (PCC), dorsal medial prefrontal cortex (DMPFC) and ventral medial 

prefrontal cortex (VMPFC) (Northoff and Bermpohl, 2004). The cognitive 

neuropsychiatric self-reflection/self-appraisal model (van der Meer et al., 2010) 

suggests that these different structures each have a specific contribution to reflective 

processing. According to this model, directing attention is associated with activation 

of the ACC. The PCC is involved in consultation of autobiographical memory to 

facilitate decisions whether the confronted stimuli apply to self or others. Ultimately, 

the final decision is proposed to be related to activation of the DMPFC. In addition, 

the insula seems to be involved in reflective processing and is associated with 

evaluation of internal self-state and somatic feedback (Craig, 2009). These 

processes are similar in both self- and other-reflection (van der Meer et al., 2010). 

Moreover, a specific role in tagging self-relevant information has been hypothesized 

for the VMPFC. Murray et al. (2012) have reported evidence that the level of 

activation in the VMPFC is mediated by the degree of self-relatedness. They 

demonstrated that the VMPFC is activated by stimuli related to self and, to a lesser 

extent, a close other, but not by stimuli referring to a public other. 

There are currently, to our knowledge, no studies investigating the neural 

correlates of self- and other-reflection in BD patients. However, studies conducted in 

SZ patients have revealed abnormal brain activations during self- and other-reflection 

that occur during psychotic periods and seem to persist during stable periods after 
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psychotic symptoms disappear. Compared to healthy individuals, SZ patients have 

shown less activation during self-reflection in the PCC (van der Meer et al., 2013), 

inferior temporal gyrus extending to the middle temporal gyrus (Pauly et al., 2013) 

and precuneus (Murphy et al., 2010), but also hyper-activation in the PCC has been 

reported (Holt et al., 2011). During other-reflection, less activation in the VMPFC, 

ACC, insula and cuneus (Pauly et al., 2013) and PCC/precuneus (van der Meer et 

al., 2013) have been reported. In addition, comparing self to other has shown less 

activation in the DMPFC (Bedford et al., 2012), and higher activation in the 

PCC/precuneus (Shad et al., 2012). These studies suggest that the self- and other-

reflective network is abnormally activated in SZ patients during reflective processing, 

even in absence of current symptoms (Holt et al., 2011).  

Lichtenstein et al. (2009) have reported that the same genes could lead to 

vulnerability for both of these disorders and some authors even suggest that BD and 

SZ are an expression of different levels of severity on the same disease continuum 

rather than two completely different diseases (Craddock and Owen, 2005). It has 

indeed been shown that patients with BD and SZ share several clinical features (e.g. 

anhedonia, psychotic symptoms; (American Psychiatric Association, 2013; Kempf et 

al., 2005).  Moreover, patients with both BD and SZ have shown disturbed 

metacognitive processing in social and emotional domains such as theory of mind 

(e.g. Brüne, 2005; Rabin et al., 2014; Thaler et al., 2013) which is closely associated 

with self- and other-reflection (Happe, 2003; Mitchell et al., 2005; Saxe et al., 2006). 

In addition, while healthy individuals tend to attribute more positive than negative 

events to themselves during self-reflection (self-serving bias; (Mezulis et al., 2004), 

this tendency is disturbed in both SZ patients (Mehl et al., 2014; Mizrahi et al., 2008) 

and BD patients (Lyon et al., 1999). However, BD and SZ have been classified as 

two different disorders for a long time. SZ patients have shown worse cognitive 

functioning than BD patients (Krabbendam et al., 2005), which also implies 

differences between BD and SZ. Therefore, it would be interesting to explore whether 

potential abnormal activations during self- and other-reflection in BD patients are 

comparable to those in SZ patients or whether these represent unique 

neurobiological features distinguishing BD patients from SZ patients.  

In order to maximize comparability between BD and SZ groups, and also 

potentially get more pronounced differences compared to healthy individuals, we 

recruited a relatively homogeneous group of BD patients who had a history of 

 

 

psychosis, but were not currently experiencing a psychosis. Notably, it has been 

found that activation during reflective processing is associated with level of illness 

insight (van der Meer et al., 2013). BD patients have generally a good level of illness 

insight when they are not in a manic episode (Cassidy, 2010), while in SZ patients 

illness insight could be low during all phases of illness (Arango and Amador, 2011; 

Yen et al., 2002). Therefore, we aimed to investigate differences between BD and SZ 

in brain activation during self- and other-reflection in patients with good insight only.  

In the present study, we aimed to investigate the neural correlates during a 

self-reflection task in BD patients with a history of psychotic symptoms. Based on the 

importance of the self-reflective network during both self- and other-reflective 

processing and their established deficiencies in relation with psychotic 

symptomatology, we hypothesized that BD patients would show abnormal activation 

within the self-reflection network compared to healthy individuals. Additionally, 

differences between patients with BD and SZ in brain activation during reflective 

processes, as well as correlations with insight, were explored in order to examine 

whether the potential abnormalities in BD were specific for BD.   

 

Methods 
Participants 

This study included BD patients, SZ patients and healthy controls (HC). The 

following inclusion criteria were applied to both BD and SZ patients: (1) Being stable 

on current medication and no medication change in the week before scanning; (2) No 

electroconvulsive therapy in the year prior to the scan; (3) Having no psychiatric 

disorders other than BD or SZ (e.g. substance use disorder); (4) For BD patients, 

having a history of an episode with psychotic symptoms, lifetime. A specific inclusion 

criterion for HC was no current or past psychiatric disorders. Additional inclusion 

criteria for all participants were: (1) No somatic or neurological disorders that may 

have impacted the central nervous system; (2) No MRI-incompatibilities (e.g. metal 

implants, claustrophobia or pregnancy). 

Following these criteria, 21 BD patients (8 male, 13 female) were recruited 

from several mental health care institutions in the North of the Netherlands. 

Diagnosis of BD was confirmed with the Mini International Neuropsychiatric 

Interview-Plus 5.0.0 (MINI-Plus; (Sheehan et al., 1998).  
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Based on the final BD patient sample (Patient Disposition), 17 SZ patients (11 

male, 6 female) were selected from a sample of a previous study (van der Meer et 

al., 2013). These participants were not significantly different from the BD sample on 

intelligence (measured with the Dutch reading test for adults (NLV); (Schmand et al., 

1991), age, gender and level of education. Diagnosis of SZ was confirmed with the 

MINI-Plus. Because self-reflection is also associated with insight into illness (both 

clinical insight and cognitive insight) (van der Meer et al., 2013), it is important to 

match patients with BD and SZ on insight to exclude alternative explanations for any 

potential group differences. We matched SZ patients with BD patients on illness 

insight, based on the Schedule of Assessment of Insight-Expanded version (SAI-E, 

clinical insight; (Kemp and A. S. David, 1997) and the Beck Cognitive Insight Scale 

(BCIS, cognitive insight; (Beck et al., 2004). The BCIS is composed of a self-

reflectiveness and a self-certainty subscale. Cognitive insight is measured by a 

composite score of these two sub-scales (i.e. score on the self-reflectiveness minus 

the self-certainty score). BD and SZ patients were matched on the BCIS subscales 

and the BCIS composite score. Higher scores on the SAI-E and BCIS indicate better 

insight.   

In addition, we included a group of 21 HC (12 male, 9 female) matched on 

intelligence, gender and level of education with both patient groups. The HC group 

was the same as in a previous study (van der Meer et al., 2013).  

The present study was performed in accordance with the Helsinki Declaration 

of 1975 and was approved by the Medical Ethics Committee of the University 

Medical Center Groningen (UMCG). All participants gave written informed consent 

and received monetary compensation (€45) for participation.   

 

Clinical Assessment and Measures 

Current severity of depression and mania were measured by the Quick 

Inventory of Depressive Symptomatology (QIDS-SR; Rush et al., 2003) and Young 

Mania Rating Scale (YMRS; Young et al., 1978), respectively. A depressive state 

was defined as a score of >10 on the QIDS-SR (Rush et al., 2006) and a mania state 

was defined as a score of >8 on the YMRS (Mercer and Becerra, 2013). Current 

psychotic symptoms were assessed with the Positive and Negative Syndrome Scale 

(PANSS; Kay et al., 1987). The PANSS is composed of three dimensions: positive, 

 

 

negative and general psychopathology. Lower scores on QIDS, YMRS and PANSS 

indicate lower symptom severity. 
 
Self-reflection task 

  The self-reflection task consisted of three conditions: (1) self-reflection (self): 

sentences referring to “I/me” which were balanced for positive/negative valence and 

mental/physical quality (e.g. “It’s always fun with me”, “I am a liar”, “I look youthful”, “I 

am fat”); (2) other-reflection (other): sentences referring to a relative or close friend 

who remained the same throughout the whole experiment, also balanced for 

positive/negative valence and mental/physical quality (e.g. “(other) has respect for 

others”, “(other) sometimes says stupid things”, “(other) is healthy”, “(other) has 

wrinkles”). Prior to scanning, the name of a close other was provided to match the 

familiarity and difficulty of accessing stored knowledge compared to the self and 

would replace the “other” in the given examples; (3) semantic control (semantic): 

sentences containing equal number of false and true general knowledge statements 

(e.g. “snow is black”, “dogs run faster than snails”). Before scanning, participants 

received instructions and explanations about the task. Participants were instructed to 

define on a four-point continuum how much they agreed with the presented sentence 

(1-fully disagree; 4-fully agree). Each trial consisted of a sentence presented for 4000 

ms followed by a 500 ms fixation cross.  

For each condition, sixty sentences were presented. Sentences were 

presented in a block design, with each block consisting of five trials. The three 

conditions were counterbalanced in a semi-random order to avoid consecutive 

presentation of same condition. Reaction times (RT) were recorded. The procedure 

lasted about fifteen minutes.  

  

Image Acquisition 

fMRI data were collected using a 3.0 Tesla whole body scanner (Philips Intera, 

Best, NL). Stimuli were rear-projected on a screen, which was visible via a mirror 

attached to the sense-8 head coil. The head was kept in position by an elastic band 

and foam cushions on each side of the head. A T1-weighted 3D fast field echo 

anatomical image was acquired parallel to the bicommissural plane, covering the 

whole brain (170 slices; TR = 9.00 ms; TE = 3.50 ms; FOV = 232.00 × 170.00 × 

256.00 mm; voxel size: 1×1×1 mm). The functional images were acquired using T2*-
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weighted echo planar images sequences. Each functional image consisted of 37 

interleaved axial slices of 3.5 mm thickness (slice gap = 0 mm; TR = 2.00 s; TE = 30 

ms; FOV = 224.00 × 129.50 × 224.00 mm; 64 × 64 matrix of 3.50 × 3.50 × 3.50 

voxels). To prevent artefacts due to nasal cavities, images were tilted approximately 

10 degrees to the AC-PC transverse plane.  

 

Data Analysis 

Behavioral Analysis 

 In order to check the self-serving bias in BD patients, we recoded the 4-point 

scale to agreed and disagreed items. Items scoring 1 or 2 on the four-point 

continuum were considered as items disagreed, while those scoring 3 or 4 were 

considered as items agreed. We calculated a value corresponding to the self-serving 

bias by subtracting the number of negative sentences participants attributed to 

themselves from the number of positive sentences, yielding one score per 

participant. In addition, we calculated this value for the other-condition (other-serving 

bias). Behavioural group differences were assessed with a one-way analysis of 

variance (ANOVA) for self-serving bias and other-serving bias separately.   

In addition, differences in RT were tested using a repeated measures ANOVA, 

with condition (self and other) and valence (positive and negative) as within-subjects 

factors, and group (BD, SZ and HC) as between-subjects factor. Significance level 

was set at p < .05 (two-sided) for behavioural analyses. 

 

fMRI Analysis 

 fMRI data were pre-processed and analysed using statistical parametric 

mapping (SPM 8) (http://www.fil.ion.ucl.ac.uk/spm/) implemented in Matlab 7.13 (The 

Math Works Inc., Natick, MA). Before pre-processing, Philips PAR-files were 

converted to analyze data by MRIcro. Functional images were slice-time corrected, 

realigned and co-registered to the anatomical image. Following this, the fMRI images 

were normalized into standard Montreal Neurological Institute (MNI) space and 

smoothed with a 3D 10mm full-width/half-maximum Gaussian Kernel.  

In the first-level analysis, separate regressors were defined for self, other and 

semantic sentences. In order to avoid systematic low-frequency noise, a high-pass 

filter was defined based on the following formula: 1.1 times the longest period 

 

 

between two subsequent trials of the same condition. For each participant, two 

contrasts were defined: self > semantic and other > semantic. 

For second-level analyses, contrast images were entered in a full factorial 

model, with condition (self > semantic and other > semantic) as within-subjects 

variable and group (BD, SZ and HC) as between-subjects variable. Age was added 

as covariate of no interest. Because the behavioural results showed that only a few 

sentences were regarded as negative, we did not investigate differences related to 

valence on a neural level.  

The main task effects were investigated in the three groups separately for the 

contrasts self > semantic, other > semantic, [(self > semantic) > (other > semantic)] 

and [(other > semantic) > (self > semantic)]. The threshold was set at p<.05 family 

wise error (FWE) corrected for multiple comparisons on voxel-level and an extended 

threshold of k≥10 voxels.  

In order to assess reflective processing in BD patients, t-tests were conducted 

between BD patients and HC for each contrast. Following this, to investigate whether 

patients with BD and SZ would show different or comparable activations, t-tests were 

conducted comparing BD with SZ patients. Furthermore, in order to check whether 

we could get comparable results as observed in previous studies of reflective 

processing in SZ patients (Bedford et al., 2012; Holt et al., 2011; Murphy et al., 2010; 

Pauly et al., 2013; Shad et al., 2012; van der Meer et al., 2013), we also performed t-

tests between SZ patients and HC. For all t-tests, significance level was set at p < .05 

FWE corrected on cluster-level for the spatial extent of our regions of interest (ROI).   

limiting the regions of interest to the self- and other-reflection network, four 

ROI-masks were created by drawing a sphere of 20 mm (radius) around the cluster 

centre coordinates reported in quantitative meta-analyses of self- and other-reflection 

tasks by Murray et al. (2012), in accordance with Van der Meer et al. (2013). 

Regarding the masks for the contrasts other > semantic and [(self > semantic) > 

(other > semantic)], we used the coordinates for the close-other reported by Murray 

et al. (2012). For the mask for the contrast [(other > semantic) > (self > semantic)], 

we took the coordinates of close-other and public-other combined reported by Murray 

et al. (2012), because no significant clusters were reported for close-other only.   

For the purpose of visualizing the trend of activation level in the three groups, 

mean activation values of the area(s) resulting from the t-tests were extracted for 
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10 degrees to the AC-PC transverse plane.  

 

Data Analysis 

Behavioral Analysis 

 In order to check the self-serving bias in BD patients, we recoded the 4-point 

scale to agreed and disagreed items. Items scoring 1 or 2 on the four-point 

continuum were considered as items disagreed, while those scoring 3 or 4 were 

considered as items agreed. We calculated a value corresponding to the self-serving 

bias by subtracting the number of negative sentences participants attributed to 

themselves from the number of positive sentences, yielding one score per 

participant. In addition, we calculated this value for the other-condition (other-serving 

bias). Behavioural group differences were assessed with a one-way analysis of 

variance (ANOVA) for self-serving bias and other-serving bias separately.   

In addition, differences in RT were tested using a repeated measures ANOVA, 

with condition (self and other) and valence (positive and negative) as within-subjects 

factors, and group (BD, SZ and HC) as between-subjects factor. Significance level 

was set at p < .05 (two-sided) for behavioural analyses. 

 

fMRI Analysis 

 fMRI data were pre-processed and analysed using statistical parametric 

mapping (SPM 8) (http://www.fil.ion.ucl.ac.uk/spm/) implemented in Matlab 7.13 (The 

Math Works Inc., Natick, MA). Before pre-processing, Philips PAR-files were 

converted to analyze data by MRIcro. Functional images were slice-time corrected, 

realigned and co-registered to the anatomical image. Following this, the fMRI images 

were normalized into standard Montreal Neurological Institute (MNI) space and 

smoothed with a 3D 10mm full-width/half-maximum Gaussian Kernel.  

In the first-level analysis, separate regressors were defined for self, other and 

semantic sentences. In order to avoid systematic low-frequency noise, a high-pass 

filter was defined based on the following formula: 1.1 times the longest period 

 

 

between two subsequent trials of the same condition. For each participant, two 

contrasts were defined: self > semantic and other > semantic. 

For second-level analyses, contrast images were entered in a full factorial 

model, with condition (self > semantic and other > semantic) as within-subjects 

variable and group (BD, SZ and HC) as between-subjects variable. Age was added 

as covariate of no interest. Because the behavioural results showed that only a few 

sentences were regarded as negative, we did not investigate differences related to 

valence on a neural level.  

The main task effects were investigated in the three groups separately for the 

contrasts self > semantic, other > semantic, [(self > semantic) > (other > semantic)] 

and [(other > semantic) > (self > semantic)]. The threshold was set at p<.05 family 

wise error (FWE) corrected for multiple comparisons on voxel-level and an extended 

threshold of k≥10 voxels.  

In order to assess reflective processing in BD patients, t-tests were conducted 

between BD patients and HC for each contrast. Following this, to investigate whether 

patients with BD and SZ would show different or comparable activations, t-tests were 

conducted comparing BD with SZ patients. Furthermore, in order to check whether 

we could get comparable results as observed in previous studies of reflective 

processing in SZ patients (Bedford et al., 2012; Holt et al., 2011; Murphy et al., 2010; 

Pauly et al., 2013; Shad et al., 2012; van der Meer et al., 2013), we also performed t-

tests between SZ patients and HC. For all t-tests, significance level was set at p < .05 

FWE corrected on cluster-level for the spatial extent of our regions of interest (ROI).   

limiting the regions of interest to the self- and other-reflection network, four 

ROI-masks were created by drawing a sphere of 20 mm (radius) around the cluster 

centre coordinates reported in quantitative meta-analyses of self- and other-reflection 

tasks by Murray et al. (2012), in accordance with Van der Meer et al. (2013). 

Regarding the masks for the contrasts other > semantic and [(self > semantic) > 

(other > semantic)], we used the coordinates for the close-other reported by Murray 

et al. (2012). For the mask for the contrast [(other > semantic) > (self > semantic)], 

we took the coordinates of close-other and public-other combined reported by Murray 

et al. (2012), because no significant clusters were reported for close-other only.   

For the purpose of visualizing the trend of activation level in the three groups, 

mean activation values of the area(s) resulting from the t-tests were extracted for 
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each participant using the MarsBaR toolbox (http://marsbar.sourceforge.net) and 

were plotted for each group.  

We repeated these analyses with the self-serving bias and other-serving bias 

added as covariates of no interest during testing of self- and other-reflection 

respectively, to test whether the findings would be related to behavioural 

performance. Moreover, we performed correlation analyses between the mean 

activation values of the areas showing a difference (extracted with the MarsBaR 

toolbox) and the scores on SAI-E, BCIS (the two subscales and the composite 

score), as well as scores on PANSS, YMRS and QIDS to assess whether the 

potential different activations were related to insight and symptom severity. 

Correlation analyses were first performed in all groups together, and then in the 

subgroups separately in order to explore whether there were group differences in 

correlations. This exploratory analysis might shed some light on our understanding of 

the neural mechanisms underlying the same symptoms in affective psychotic 

disorder (BD) and non-affective psychotic disorder (SZ). Benjamini–Hochberg 

procedure was applied to correct for multiple tests in order to control for the false 

discovery rate. In case there were group differences in correlation, Fisher’s r to z 

transformation (Kenny, 1987) was applied to compare whether the correlations in 

each group differed significantly from each other.  

 

Results 
Patient Disposition 

Demographic and clinical data of participants are shown in Table 1. Three BD 

patients were excluded because of excessive head movements (more than 3 mm 

and/or 3º in any direction) and one BD patient was excluded because of missing 

behavioural data. A total of 17 BD patients, 17 SZ patients and 21 HC were included 

in the analyses. 

Of the 17 included BD patients, 13 were in a euthymic state and 4 were in a 

depressed state. Moreover, 14 out of the 17 BD patients had a BD type I diagnosis 

and 2 had a BD type II diagnosis. For one of the 17 BD patients, we did not have 

information on the type of BD, because he did not participate in the clinical 

interviews. His treating psychiatrist confirmed the diagnosis BD of this patient, so we 

included this patient in the final analysis.  

 

 

There was a group difference on age (F(2, 52)=5.106, p=.009). Post-hoc t-

tests showed that HC were younger than BD patients (p=.002, mean difference in 

age=-11.34, 95% CI of the mean difference in age: -18.47~-4.21). There was no 

significant difference in age between BD and SZ patients (p=.129) or between HC 

and SZ patients (p=.123).  

Regarding the clinical measures, both patients with BD and SZ had higher 

QIDS-scores than HC, with no significant differences between them. Patients with BD 

and SZ also did not differ on YMRS-scores. In addition, SZ patients had higher 

PANSS-scores compared to BD patients (positive symptom score, negative symptom 

score and general psychopathology score).  

 

Behavioural Results 

For the self-serving bias (Table 2), a main effect of group was present (F(2, 

52)=10.021, p<.001): compared to HC, both BD patients (p<.001, mean difference in 

self-serving bias=-9.43,  95% CI: -14.47~-4.38) and SZ patients (p<.001, mean 

difference in self-serving bias=-9.72, 95% CI: -14.77~-4.67) showed a reduced self-

serving bias, indicating that patients with BD and SZ attributed more negative and 

less positive events to themselves. Patients with BD and SZ did not differ in self-

serving bias (p=.91). Regarding the other-serving bias, no significant differences 

were seen (p=.22). RTs did not significantly differ among groups (p=.12). 
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 Table 1 Demographic and clinical characteristics for BD, SZ patients and HC  

Variables BDa SZb HCc p 
Age, M(SD) (years) 

 

41.29 

(11.82) 

35.53 

(9.74) 

29.95 

(10.99) 

.009*

* Male/Female (N) 7/10 11/6 12/9 .37 
Education leveld 6.00 (0.87) 5.65 (0.86) 5.76 (0.83) .47 
Intelligence (NLV) (score)        
   Total correct 42.88 

(3.72) 

38.50 

(6.84) 

41.15 (6.80) .14   
Number of manic episodes 7.93 

(11.06) 

   
Number of depressive episodes 5.57 (4.42)    
QIDS 6.35 (6.17) 7.94 (3.88)        2.00 (1.18) .002*

* YMRS 1.31 (1.49) 1.71 (1.86)  .52 
PANSS       
   Total 40.81 

(6.27) 

52.59 

(13.52) 

 .003*

*    Positive 9.50 (2.63) 12.71 

(4.63) 

 .021* 
   Negative 9.56 (2.94) 13.47 

(4.81) 

 .009*

*     General psychopathology  21.75 (3.57)  26.41 (6.96)    .023* 
Insight         
    SAI-E  22.43 (2.03)  21.64 (1.93)    .26 
    BCIS     
     Composite score  7.75 (5.43)  7.29 (4.27)    .79 
     Self-reflectiveness  15.13 (4.44)  16.41 (5.29)    .46 
     Self-Certainty  7.38 (2.58)  9.12 (4.41)    .18 
Psychopharmacological drug (N) 

 

  

 

  

     Haloperidol 

 

   1   
    Pimozide 

 

 1    
    Aripiprazole 

 

   9   
    Clozapine 

 

  2   
    Olanzapine 

 

 2  5   
    Quetiapine 

 

 

 6  4   
    Risperidone 

 

   1   
    Clomipramine   1   
    Lithium 

 

 7    
    Sertraline 

 

 1    
    Trazodon 

 

 1    
    Valproic acid 

 

 3     
    Bupropion 

 

 1     
    Oxazepam 

 

 1     
    None  1  1   

Abbreviations: NLV=Dutch Reading Test for Adults; QIDS=Quick Inventory of Depressive Symptoms-

Self Report; YMRS=Young Mania Rating Scale; PANSS=Positive and Negative Syndrome Scale; SAI-

E=Schedule of Assessment of Insight-Expanded version; BCIS=Beck Cognitive Insight Scale. *p<.05, 

**p<.01. aOne BD patient withdrew from the study before the MRI scan, therefore we do not have 

clinical interview data for this patient. The number of depressive/manic episodes was unavailable for 

another two BD patients. b Three SZ patients were recruited from another study in which these 

measures were not included. c Six HC were recruited from another study and one HC withdrew from 

the study before the MRI scan, therefore they do not have clinical interview data. Another HC did not 

have data for NLV, because he was familiar with this test. d Education level was based on Verhage 

(1964). 

 

 

Table 2 Behavioural results of bias value and reaction times for BD patients, SZ 

patients and HC 

 BD SZ HC 
Items agreed M (SD) 
Self_pos 18.53 (6.55) 16.41 (6.95) 24.43 (3.65) 
Self_neg 7.76 (4.44) 5.94 (3.51) 4.24 (2.86) 
Self-serving bias 10.76 (9.77) 10.47 (7.87) 20.19 (5.34) 
Other_pos 21.76 (4.85) 19.41 (6.10) 23.57 (3.91) 
Other_neg 4.24 (3.42) 4.59 (3.14) 5.00 (2.76) 
Other-serving bias 17.53 (6.36) 14.82 (7.57) 18.57 (5.92) 
Semantic 32.88 (3.85) 32.29 (3.67) 34.48 (1.33) 
 
Reaction times in seconds M (SD) 
Self_pos 2.20 (0.35) 2.26 (0.34) 2.06 (0.32) 
Self_neg 2.18 (0.29) 2.26 (0.30) 2.03 (0.29) 
Other_pos 2.25 (0.37) 2.31 (0.35) 2.06 (0.39) 
Other_neg 2.12 (0.29) 2.28 (0.39) 2.07 (0.40) 
Semantic 2.28 (0.31) 2.41 (0.23) 2.08 (0.38) 

   Abbreviations: pos=positive; neg=negative. 
 

Neuroimaging Results 

Main Effects of Task  

Visual inspection showed similar patterns of activation in the three groups (see 

Figure 1). In HC, the contrast self > semantic revealed activations in the VMPFC, 

DMPFC, ACC, PCC, precuneus, angular gyrus, supramarginal gyrus (SMG), inferior 

parietal lobule (IPL) , cerebellum, superior parietal lobule (SPL) and the postcentral 

gyrus. A similar pattern of activation as for self > semantic was seen for other > 

semantic. The contrast [(other > semantic) > (self > semantic)] revealed activation 

differences in the PCC, precuneus, and the cuneus, while the contrast 

[(self>semantic) > (other>semantic)] did not show any effect. Figure 1 and table S1 

(see supplementary material) summarize these task effects.   
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another two BD patients. b Three SZ patients were recruited from another study in which these 

measures were not included. c Six HC were recruited from another study and one HC withdrew from 
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Neuroimaging Results 

Main Effects of Task  

Visual inspection showed similar patterns of activation in the three groups (see 

Figure 1). In HC, the contrast self > semantic revealed activations in the VMPFC, 

DMPFC, ACC, PCC, precuneus, angular gyrus, supramarginal gyrus (SMG), inferior 

parietal lobule (IPL) , cerebellum, superior parietal lobule (SPL) and the postcentral 

gyrus. A similar pattern of activation as for self > semantic was seen for other > 

semantic. The contrast [(other > semantic) > (self > semantic)] revealed activation 

differences in the PCC, precuneus, and the cuneus, while the contrast 

[(self>semantic) > (other>semantic)] did not show any effect. Figure 1 and table S1 

(see supplementary material) summarize these task effects.   
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Figure 1 Main task effects of brain activation during self > semantic in HC (A), BD 

patients (C) and SZ patients (E); during other > semantic in HC (B), BD patients (D) 

and SZ patients (F).  

 
Group Comparisons  

When comparing BD patients to HC, BD patients showed less activation in the 

PCC/precuneus during other > semantic (Figure 2; peak MNI-coordinates: x = 2, y =  

-60, z = 22, t=3.77, k=128, p=.028 FWE corrected on cluster-level). There were no 

significant differences in other areas. In addition, no significant group differences 

were observed for the contrasts self > semantic, [(self > semantic) > (other > 

semantic)] and [(other > semantic) > (self > semantic)]. 

Additionally, even though SZ patients displayed an intermediate level of 

activation in the PCC/precuneus between BD and HC during other-reflection (see 

Figure 2), the difference between BD patients and SZ patients was not significant 

(p=.20). Nor did we detect significant differences between patients with BD and SZ 

on the other three contrasts. In addition, no significant differences were seen 

between SZ patients and HC.  

 

 

 

 
Figure 2 Group comparison between HC and BD patients for contrast other > 

semantic. BD patients show reduced activation in the PCC/precuneus compared to 

HC. On the right, bar graph shows mean PCC/precuneus activation. Error bar=1 S.D. 

*p<.05.  

 

 
Figure 3 Correlation between the cognitive insight (BCIS composite score) and 

PCC/precuneus activation during other-reflection in patients with BD and SZ. A 

positive correlation is seen in SZ patients, but not in BD patients. 

 

Additional Neuroimaging Analyses  

The hypo-activation in the PCC/precuneus during other-reflection in BD 

patients remained significant after adding other-serving bias as covariate of no 

interest (peak MNI-coordinates: x = 2, y = -60, z = 22, t=3.79, k=124, p=.03 FWE 
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Additional Neuroimaging Analyses  
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corrected on cluster-level). The lack of group difference during self-reflection was not 

changed by adding self-serving bias as covariate of no interest. Furthermore, no 

significant correlations were seen between the degree of activation in the 

PCC/precuneus cluster and scores on the SAI-E, BCIS, PANSS, YMRS, or QIDS 

(ps>.05). However, at a more liberal threshold (i.e. without multiple comparison 

correction), we found a positive correlation between the PCC/precuneus activation 

and the BCIS composite score (cognitive insight) in SZ patients (r=.508, p=.038), but 

not in BD patients (r=-.250, p=.35) (see Figure 3). This apparent interaction was 

significant (Z=2.124, p=.034).   

 
Discussion 

In the present study, our main aim was to investigate brain activation during 

self- and other-reflection in patients with bipolar disorder (BD) with a history of 

psychotic symptoms compared to healthy controls (HC). In addition, we compared 

BD patients to patients with schizophrenia (SZ) to investigate whether observed 

abnormal activations were unique features of BD. Most importantly, BD patients 

showed less activation in the posterior cingulate cortex (PCC) extending to the 

precuneus during other-reflection compared to HC. No significant differences were 

observed between BD and SZ patients, with SZ patients showing a level of activation 

in between BD and HC.  

 

Comparison between BD patients and HC during other-reflection 

During other-reflection, hypo-activation in the PCC/precuneus was observed in 

BD patients compared to HC, which was not induced by differences in activation in 

response to the semantic control condition (see supplement) or by behavioural 

performance during other-reflection. Moreover, since most participants were stable 

during scanning, the observed hypo-activation is likely irrespective of current residual 

psychotic, depressive and manic symptoms. Altogether, this suggests that the hypo-

activation in the PCC/precuneus was due to differences of other-reflection per se 

rather than any other confounding factor.  

Both the PCC and precuneus have been shown to be important areas 

underlying autobiographical memory (Fink et al., 1996; Maddock et al., 2001; 

Maguire and Mummery, 1999). It has been suggested that autobiographical memory 

may play a critical role in self-reflective processing (Dimaggio et al., 2009), and also 

 

 

in other-reflective processing (van der Meer et al., 2010). Indeed, according to the 

self-reflection/self-appraisal model (van der Meer et al., 2010), the role of the PCC 

and precuneus during self- and other-reflection is associated with autobiographical 

memory processing. For the current results, it could be suggested that less activation 

in the PCC/precuneus reflects reduced integration between past and current 

information, and more specifically regarding to information about other people. In line 

with this suggestion, previous literature has shown that autobiographical memory is 

indeed impaired in BD patients, e.g. they provide less details during autobiographical 

memory recall than healthy individuals (Scott et al., 2000; Shimizu et al., 2009).  

In addition, the PCC is an important structure for emotional processing.  For 

example, Maddock et al. (2003) have shown that healthy individuals have more 

activation in the PCC in response to both positive and negative words compared to 

neutral words. Interestingly, BD patients have shown a lack of PCC/precuneus 

activation during emotionally modulated cognitive processing (i.e. emotional Stroop 

task) (Malhi et al., 2005). In addition, it has been found that BD patients show 

reduced PCC activation during emotion regulation compared to HC (Townsend et al., 

2013).  Combined with the role of the PCC/precuneus in autobiographical memory, 

we propose that the PCC/precuneus may be an interaction unit of processing 

emotional information and autobiographical memory. A recent study has indeed 

confirmed that the PCC and precuneus are activated during emotional 

autobiographical memory processing (Bado et al., 2014). Therefore, it might be 

suggested that the hypo-activation in the PCC/precuneus during other-reflection in 

BD patients implies disturbed integration of emotional information and 

autobiographical memory related to a close other. This might result in inappropriate 

or inaccurate knowledge about the close other.  

This disturbed processing of close-other information might be related to 

disturbed social cognition (e.g. theory of mind) in BD patients, and hence disturbed 

social functioning. BD patients indeed have shown impairments in social cognition 

(Donohoe et al., 2012; Elgie and Morselli, 2007; Samamé et al., 2012). Interestingly, 

the PCC and precuneus have been shown to be involved during social cognition, for 

instance during theory of mind (Abu-Akel and Shamay-Tsoory, 2011; Carrington and 

Bailey, 2009; Spreng et al., 2009), and processing of social-self (e.g. judging self with 

social-value traits, such as “am I intelligent”) (Sugiura, 2013). We therefore postulate 
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corrected on cluster-level). The lack of group difference during self-reflection was not 
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not in BD patients (r=-.250, p=.35) (see Figure 3). This apparent interaction was 

significant (Z=2.124, p=.034).   

 
Discussion 

In the present study, our main aim was to investigate brain activation during 
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psychotic, depressive and manic symptoms. Altogether, this suggests that the hypo-

activation in the PCC/precuneus was due to differences of other-reflection per se 

rather than any other confounding factor.  

Both the PCC and precuneus have been shown to be important areas 

underlying autobiographical memory (Fink et al., 1996; Maddock et al., 2001; 

Maguire and Mummery, 1999). It has been suggested that autobiographical memory 

may play a critical role in self-reflective processing (Dimaggio et al., 2009), and also 

 

 

in other-reflective processing (van der Meer et al., 2010). Indeed, according to the 

self-reflection/self-appraisal model (van der Meer et al., 2010), the role of the PCC 

and precuneus during self- and other-reflection is associated with autobiographical 

memory processing. For the current results, it could be suggested that less activation 

in the PCC/precuneus reflects reduced integration between past and current 

information, and more specifically regarding to information about other people. In line 

with this suggestion, previous literature has shown that autobiographical memory is 

indeed impaired in BD patients, e.g. they provide less details during autobiographical 

memory recall than healthy individuals (Scott et al., 2000; Shimizu et al., 2009).  

In addition, the PCC is an important structure for emotional processing.  For 

example, Maddock et al. (2003) have shown that healthy individuals have more 

activation in the PCC in response to both positive and negative words compared to 

neutral words. Interestingly, BD patients have shown a lack of PCC/precuneus 

activation during emotionally modulated cognitive processing (i.e. emotional Stroop 

task) (Malhi et al., 2005). In addition, it has been found that BD patients show 

reduced PCC activation during emotion regulation compared to HC (Townsend et al., 

2013).  Combined with the role of the PCC/precuneus in autobiographical memory, 

we propose that the PCC/precuneus may be an interaction unit of processing 

emotional information and autobiographical memory. A recent study has indeed 

confirmed that the PCC and precuneus are activated during emotional 

autobiographical memory processing (Bado et al., 2014). Therefore, it might be 

suggested that the hypo-activation in the PCC/precuneus during other-reflection in 

BD patients implies disturbed integration of emotional information and 

autobiographical memory related to a close other. This might result in inappropriate 

or inaccurate knowledge about the close other.  

This disturbed processing of close-other information might be related to 

disturbed social cognition (e.g. theory of mind) in BD patients, and hence disturbed 

social functioning. BD patients indeed have shown impairments in social cognition 

(Donohoe et al., 2012; Elgie and Morselli, 2007; Samamé et al., 2012). Interestingly, 

the PCC and precuneus have been shown to be involved during social cognition, for 

instance during theory of mind (Abu-Akel and Shamay-Tsoory, 2011; Carrington and 

Bailey, 2009; Spreng et al., 2009), and processing of social-self (e.g. judging self with 

social-value traits, such as “am I intelligent”) (Sugiura, 2013). We therefore postulate 
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that less activation in the PCC/precuneus during other-reflection in BD patients might 

be related to the commonly observed impairments in social cognition. 

 

Comparison between BD patients and HC during self-reflection 

Concerning self-reflection, our behavioural results showed that BD patients 

attributed less positive sentences and more negative sentences to themselves 

compared to HC (smaller self-serving bias). Nonetheless, we did not find any 

significant differences in neural activation during self-reflection. Several potential 

explanations could be suggested. One possible explanation is that the circuitry for 

self-reflection is not impaired in BD. Instead, the reduced self-serving bias in BD 

patients might be related to depressive realism, which can be the results of proper 

insight regarding their situation, such as less social support and stigma (for a review, 

see Hawke et al., 2013). Another possible explanation could be that neural 

abnormalities are valence-specific or opposed between different valences. Due to a 

limited number of negative sentences attributed to the self or other, we are unable to 

make any statements on the valence effects related to the neuroimaging findings. 

More studies are necessary to clarify these.  

 

Comparison of SZ patients with BD patients and HC 

In order to identify whether abnormal activation of the PCC/precuneus during 

other-reflection was specific for BD patients, we compared BD patients to SZ 

patients. The intermediate level of activation in the PCC/precuneus in SZ patients 

reported in the present study may imply that activation during other-reflection in SZ 

patients tends to be less abnormal than in BD patients. This is remarkable, because 

SZ patients in general perform worse than BD patients on tasks measuring cognitive 

performance (e.g. verbal memory, verbal fluency and verbal working memory; 

(Krabbendam et al., 2005). Moreover, we also compared SZ patients with HC in 

order to replicate previous findings, and no differences were seen. In previous 

studies to SZ, disturbances in brain activation during self- and other-reflection have 

been seen in different areas, including the medial prefrontal cortex (dorsal and 

ventral), ACC, precuneus, cuneus, PCC, angular gyrus, lingual gyrus, temporal gyrus 

(superior and inferior/middle) and the insula (Bedford et al., 2012; Holt et al., 2011; 

Murphy et al., 2010; Pauly et al., 2013; Shad et al., 2012; van der Meer et al., 2013). 

The reported abnormalities also differ on hypo- or hyper-activation. Thus, there are 

 

 

quite some inconsistent findings among previous studies. We think a selection bias 

could explain these results. We selected SZ patients matched on illness insight to the 

BD patients. BD patients with a history of psychotic symptoms were selected to 

represent the more severe BD patients. These BD patients were in general scanned 

during a euthymic period and had good insight. As such, the SZ patients also had 

good insight and might therefore represent a less severe group of SZ patients, with 

relatively preserved ability of reflective processing. This could lead to not finding 

differences between SZ and both BD and HC. This is underscored by the finding of a 

positive correlation between cognitive insight and PCC/precuneus activation in SZ 

patients, which indicates that a lower level of activation in the PCC/precuneus was 

related to worse insight in SZ. Some other factors such as sample size, control 

condition and illness state may also have contributed to this inconsistency with 

previous studies.  

 

Correlations with Insight 

Notably, we found a positive relationship between PCC/precuneus activation 

and cognitive insight in SZ patients, but not in BD patients. This differential pattern is 

remarkable, as patients with BD and SZ did not differ on cognitive insight at a group 

level. Caution is needed in interpreting this correlation, however, as it did not survive 

the correction for multiple comparisons. Nonetheless, it may serve as a heuristic for 

future research. Cognitive insight is defined as the ability to reflect on abnormal 

experiences and to correct incorrect interpretations (Beck et al., 2004). The observed 

correlation might imply that better cognitive insight in SZ is associated with more 

retrieval of autobiographical memory during reflection on a close other. More 

information from autobiographical memory could be helpful for differentiating a close 

other to a larger extent from the self, from which SZ patients may benefit to re-

evaluate and correct sensations coming from psychotic symptoms (e.g. 

hallucination). Because patients included in this study generally had a good level of 

insight, differences are not likely driven by considerable levels of cognitive 

impairments. The SZ patients had more severe psychotic symptoms than BD patients 

though. Better insight may be more important for normalizing metacognitive brain 

activation in SZ patients, but not in BD patients. Taken together, this finding of a 

difference in correlation with insight is interesting in terms of that the neural 

correlates underlying metacognition could differentiate between BD and SZ patients, 
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patients might be related to depressive realism, which can be the results of proper 

insight regarding their situation, such as less social support and stigma (for a review, 

see Hawke et al., 2013). Another possible explanation could be that neural 

abnormalities are valence-specific or opposed between different valences. Due to a 

limited number of negative sentences attributed to the self or other, we are unable to 

make any statements on the valence effects related to the neuroimaging findings. 

More studies are necessary to clarify these.  

 

Comparison of SZ patients with BD patients and HC 

In order to identify whether abnormal activation of the PCC/precuneus during 

other-reflection was specific for BD patients, we compared BD patients to SZ 

patients. The intermediate level of activation in the PCC/precuneus in SZ patients 

reported in the present study may imply that activation during other-reflection in SZ 

patients tends to be less abnormal than in BD patients. This is remarkable, because 

SZ patients in general perform worse than BD patients on tasks measuring cognitive 

performance (e.g. verbal memory, verbal fluency and verbal working memory; 

(Krabbendam et al., 2005). Moreover, we also compared SZ patients with HC in 

order to replicate previous findings, and no differences were seen. In previous 

studies to SZ, disturbances in brain activation during self- and other-reflection have 

been seen in different areas, including the medial prefrontal cortex (dorsal and 

ventral), ACC, precuneus, cuneus, PCC, angular gyrus, lingual gyrus, temporal gyrus 

(superior and inferior/middle) and the insula (Bedford et al., 2012; Holt et al., 2011; 

Murphy et al., 2010; Pauly et al., 2013; Shad et al., 2012; van der Meer et al., 2013). 

The reported abnormalities also differ on hypo- or hyper-activation. Thus, there are 

 

 

quite some inconsistent findings among previous studies. We think a selection bias 

could explain these results. We selected SZ patients matched on illness insight to the 

BD patients. BD patients with a history of psychotic symptoms were selected to 

represent the more severe BD patients. These BD patients were in general scanned 

during a euthymic period and had good insight. As such, the SZ patients also had 

good insight and might therefore represent a less severe group of SZ patients, with 

relatively preserved ability of reflective processing. This could lead to not finding 

differences between SZ and both BD and HC. This is underscored by the finding of a 

positive correlation between cognitive insight and PCC/precuneus activation in SZ 

patients, which indicates that a lower level of activation in the PCC/precuneus was 

related to worse insight in SZ. Some other factors such as sample size, control 

condition and illness state may also have contributed to this inconsistency with 

previous studies.  

 

Correlations with Insight 

Notably, we found a positive relationship between PCC/precuneus activation 

and cognitive insight in SZ patients, but not in BD patients. This differential pattern is 

remarkable, as patients with BD and SZ did not differ on cognitive insight at a group 

level. Caution is needed in interpreting this correlation, however, as it did not survive 

the correction for multiple comparisons. Nonetheless, it may serve as a heuristic for 

future research. Cognitive insight is defined as the ability to reflect on abnormal 

experiences and to correct incorrect interpretations (Beck et al., 2004). The observed 

correlation might imply that better cognitive insight in SZ is associated with more 

retrieval of autobiographical memory during reflection on a close other. More 

information from autobiographical memory could be helpful for differentiating a close 

other to a larger extent from the self, from which SZ patients may benefit to re-

evaluate and correct sensations coming from psychotic symptoms (e.g. 

hallucination). Because patients included in this study generally had a good level of 

insight, differences are not likely driven by considerable levels of cognitive 

impairments. The SZ patients had more severe psychotic symptoms than BD patients 

though. Better insight may be more important for normalizing metacognitive brain 

activation in SZ patients, but not in BD patients. Taken together, this finding of a 

difference in correlation with insight is interesting in terms of that the neural 

correlates underlying metacognition could differentiate between BD and SZ patients, 
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which might help pave the way to further explore potentially distinguishing markers 

for BD and SZ. 

 

Limitations 

There were some limitations of the current study. Firstly, most patients in our 

study were taking medication, which may have confounded our results. Psychotropic 

medication has been shown to have ameliorative effect on functional abnormalities in 

BD patients (Hafeman et al., 2012; Phillips et al., 2008a). Because most of the BD 

patients in our study were stable during scanning, existing differences between BD 

and HC groups might have been obscured by the psychotropic medication. Secondly, 

our sample size was modest. However, it has been shown that a sample size of 16 

has a kappa index around .62 (Thirion et al., 2007), which indicates substantial 

power for reproducibility (kappa index=.61~.80) (Landis and Koch, 1977). In addition, 

our sample size was comparable to most of previous self- and other-reflection studies 

in SZ patients (with samples between 11 and 19 patients in five out of six studies, 

and one with a group of 47 SZ patients) (Bedford et al., 2012; Holt et al., 2011; 

Murphy et al., 2010; Pauly et al., 2013; Shad et al., 2012; van der Meer et al., 2013). 

Thirdly, the age difference between groups could have influenced our results, but this 

was controlled for by adding age as covariate in the second level analyses. Although 

extremely difficult to perform, future research with larger, age matched samples, and 

medication naïve patients are needed to confirm and extend our results. Fourthly, the 

results of correlation with insight were observed without multiple comparisons 

correction. Fifthly, BD is characterized by emotional problems; therefore, it would be 

interesting to investigate the valence-specific difference in self- and other-reflection. 

However, the number of negative attributions was quite small in the present study. 

Therefore, we were not able to investigate the effect of valence on a neural level. 

Finally, BD patients in our study were mostly euthymic. Although one previous study 

with bipolar manic and depressive patients, including those with psychosis, have 

shown no, even reverse self-serving bias (Lyon et al., 1999), it would be interesting 

to explore the behavioural changes in self- and other-reflection in BD among 

euthymia, past psychosis and current psychosis in one study. Future studies are 

needed to shed light on this. 

 

 

 

Conclusions 
In conclusion, we observed less activation in the PCC extending to the 

precuneus during other-reflection in BD patients compared to HC. BD patients did not 

differ in brain activation from SZ patients, and SZ patients showed a level of 

activation in the PCC/precuneus in between BD patients and HC. This hypo-

activation of the PCC/precuneus could contribute to a disturbance in coupling 

information from autobiographical memory and current other-related stimuli. This may 

be of relevance for the impairments in social cognition observed in patients with BD 

and SZ. Future studies may include an additional BD group without a history of 

psychosis to investigate whether the observed disturbance in our BD sample are 

related to psychosis.  
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Supplementary information 
 

Supplementary Data Analysis and Results 

fMRI analysis for investigating group differences on the semantic control condition 

 In the first-level analysis, separate regressors were defined for self, other and 

semantic sentences. In order to avoid systematic low-frequency noise, a high-pass 

filter was defined based on the following formula: 1.1 times the longest period 

between two subsequent trials of the same condition. For each participant, one 

contrast was defined: semantic > baseline. 

For second-level analyses, contrast images were entered in a one-way 

ANOVA model, with group (bipolar disorder (BD), schizophrenia (SZ) and healthy 

controls (HC)) as the independent variable. In order to explore any group differences 

on the semantic control condition, which may confound the results of contrasts of 

interest (self > semantic, other > semantic, [(self > semantic) > (other > semantic)] 

and [(other > semantic) > (self > semantic)]), t-tests were conducted between BD and 

HC, and between BD and SZ. The same templates of regions of interest (ROI) 

reported in the main text of manuscript were applied separately. Age was added as 

covariate of no interest. The threshold was set to p<.05 family wise error (FWE) 

corrected on cluster-level for the spatial extent of the ROI. 

 

Results 

When testing group differences on the semantic control condition, there were 

no significant differences between BD and HC or between BD and SZ. These results 

indicated that any neural abnormalities observed on the contrasts of interest were not 

due to differences on the semantic control condition. 

 

 

 

Table S1 Peak activations of the main task effects for HC, BD and SZ separately 

during the self-reflection task 

 Region L/R BA Cluster 

size 

(voxels) 

T MNI 

coordinates 

     x y z 

Main task effect for HC 

self>semantic DMPFC/ VMPFC 

/ACC  

L/R 9/10 

/32 

2349 10.74 

7.13 

6.65 

-2 

-18 

-20 

62 

56 

50 

14 

32 

38 

 precuneus/PCC 

/cuneus/MCG 

L/R 7/23 

/31 

4541 9.66 

6.61 

6.16 

-6 

-2 

12 

-56 

-18 

-70 

32 

34 

60 

 angular 

gyrus/SMG   

L 39 

/40 

230 5.82 

5.50 

5.42 

-52 

-46 

-48 

-64 

-56 

-60 

38 

24 

32 

 cerebellum R  18 5.21 26 -82 -34 

 SPL/ IPL 

/postcentral gyrus 

R 40 30 5.17 42 -44 62 

 postcentral gyrus R 2 22 5.09 58 -26 52 

 IPL/SMG R  20 4.95 38 -36 42 

other>semantic precuneus/PCC 

/MCG/cuneus 

L/R 7/23 

/31 

6123 13.77 

13.01 

7.09 

-4 

4 

0 

-56 

-52 

-18 

32 

28 

34 

 DMPFC/VMPFC 

/ACC 

L/R 9/10 

/32 

3572 12.73 

8.64 

8.25 

0 

-6 

-10 

62 

58 

44 

16 

38 

52 

 angular gyrus 

/SMG 

L 39 

/40 

935 8.31 -54 -64 34 
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fMRI analysis for investigating group differences on the semantic control condition 

 In the first-level analysis, separate regressors were defined for self, other and 

semantic sentences. In order to avoid systematic low-frequency noise, a high-pass 

filter was defined based on the following formula: 1.1 times the longest period 

between two subsequent trials of the same condition. For each participant, one 

contrast was defined: semantic > baseline. 

For second-level analyses, contrast images were entered in a one-way 
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on the semantic control condition, which may confound the results of contrasts of 
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HC, and between BD and SZ. The same templates of regions of interest (ROI) 

reported in the main text of manuscript were applied separately. Age was added as 

covariate of no interest. The threshold was set to p<.05 family wise error (FWE) 

corrected on cluster-level for the spatial extent of the ROI. 

 

Results 

When testing group differences on the semantic control condition, there were 

no significant differences between BD and HC or between BD and SZ. These results 

indicated that any neural abnormalities observed on the contrasts of interest were not 

due to differences on the semantic control condition. 

 

 

 

Table S1 Peak activations of the main task effects for HC, BD and SZ separately 

during the self-reflection task 

 Region L/R BA Cluster 

size 

(voxels) 

T MNI 

coordinates 

     x y z 

Main task effect for HC 

self>semantic DMPFC/ VMPFC 

/ACC  

L/R 9/10 

/32 

2349 10.74 

7.13 

6.65 

-2 

-18 

-20 

62 

56 

50 

14 

32 

38 

 precuneus/PCC 

/cuneus/MCG 

L/R 7/23 

/31 

4541 9.66 

6.61 

6.16 

-6 

-2 

12 

-56 

-18 

-70 

32 

34 

60 

 angular 

gyrus/SMG   

L 39 

/40 

230 5.82 

5.50 

5.42 

-52 

-46 

-48 

-64 

-56 

-60 

38 

24 

32 

 cerebellum R  18 5.21 26 -82 -34 

 SPL/ IPL 

/postcentral gyrus 

R 40 30 5.17 42 -44 62 

 postcentral gyrus R 2 22 5.09 58 -26 52 

 IPL/SMG R  20 4.95 38 -36 42 

other>semantic precuneus/PCC 

/MCG/cuneus 

L/R 7/23 

/31 

6123 13.77 

13.01 

7.09 

-4 

4 

0 

-56 

-52 

-18 

32 

28 

34 

 DMPFC/VMPFC 

/ACC 

L/R 9/10 

/32 

3572 12.73 

8.64 

8.25 

0 

-6 

-10 

62 

58 

44 

16 

38 

52 

 angular gyrus 

/SMG 

L 39 

/40 

935 8.31 -54 -64 34 
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Table S1 Continued 

 Region L/R BA Cluster 

size 

(voxels) 

T MNI 

coordinates 

      x y z 

 IFG/ insula/MTG 

/temporal pole 

L 13/21 

/38 

 

295 7.25 

5.96 

5.85 

-48 

-30 

-42 

2 

16 

14 

-26 

-14 

-26 

 MTG L  90 5.82 

4.78 

-52 

-60 

-22 

-14 

-10 

-8 

 temporal pole 

/MTG 

R 21/38 44 5.60 50 10 -28 

 cerebellum R  20 5.40 26 -82 -34 

 angular gyrus R 39 271 5.32 

5.09 

5.05 

52 

46 

56 

-64 

-58 

-66 

36 

34 

22 

other>self  precuneus/PCC L/R 7/31 311 5.37 4 -56 30 

 cuneus R  17 4.93 12 -82 4 

Main task effect for BD 

self>semantic precuneus/ PCC L/R 7/31 3120 9.85 

8.49 

0 

-10 

-44 

-58 

28 

32 

 DMPFC/VMPFC 

/ACC/SFG  

L/R 9/10 

/32 

2558 9.31 

6.54 

6.51 

-2 

-22 

-8 

60 

60 

48 

14 

20 

2 

 MCG L/R  89 5.95 2 -18 36 

 SFG R 9 179 5.83 24 42 46 

 angular gyrus L  27 5.04 -52 -66 36 

 SFG L  11 4.96 -12 28 56 
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 Region L/R BA Cluster 

size 

(voxels) 

T MNI 

coordinates 

     x y z 

 angular gyrus R  16 4.91 56 -62 34 
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/31 
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0 
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30 
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/32 
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5.97 

-4 

-8 

0 

58 

48 

62 

18 

2 

-2 

 SFG/MFG R 9 249 7.04 22 40 48 

 angular gyrus R 39 315 6.74 54 -60 26 

 MTG L 21 287 6.59 

6.56 

-50 

-50 

-6 

-14 

-20 

-14 

 angular 

gyrus/SMG 

L 39 

/40 

397 6.44 -50 -64 32 

 MTG R 21 111 5.74 

5.63 

56 

60 

2 

-10 

-24 

-14 

 MFG L  12 4.89 -38 20 46 

 IFG/insula L  13 4.87 -28 16 -14 

other>self  amygdala 

/hippocampus 

L  38 5.87 -20 -8 -10 

 MTG L  65 5.71 -50 -6 -20 

 MTG/STG R  33 5.04 56 -10 -10 
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Table S1 Continued 

 Region L/R BA Cluster 

size 

(voxels) 

T MNI coordinates 

     x y z 

Main task effect for SZ 

self>semantic DMPFC/VMPFC 

/ACC/SFG/MFG 

L/R 9/10 

/32 

2117 7.83 

6.57 

6.47 

-2 

-8 

-22 

60 

62 

54 

14 

26 

32 

 precuneus/ PCC L/R 7/31 2605 7.41 

7.23 

5.52 

-6 

2 

8 

-54 

-50 

-70 

32 

30 

40 

 angular gyrus 

 

L 39 76 5.39 

4.78 

-44 

-38 

-58 

-54 

26 

32 

other>semantic precuneus/PCC L/R 7/31 3224 9.47 

9.35 

6 

-6 

-56 

-54 

32 

32 

 DMPFC/VMPFC/

ACC/SFG 

L/R 9/10/

32 

2296 8.63 

6.57 

6.56 

0 

-6 

-10 

58 

58 

42 

16 

38 

52 

 angular gyrus L 39 491 7.11 

5.31 

-44 

-46 

-58 

-66 

26 

42 

 angular gyrus R 39 271 6.44 50 -58 28 

 MTG L 21 92 5.86 

5.59 

4.91 

-48 

-56 

-54 

2 

-14 

-4 

-26 

-10 

-20 

 MTG R  16 5.73 50 10 -30 

 MTG/STG R  66 5.36 56 -12 -14 
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Abstract 
Background: Disturbances in implicit self-processing have been reported both in 

psychotic patients with bipolar disorder (BD) and schizophrenia (SZ). It remains 

unclear whether these two psychotic disorders show disturbed functional connectivity 

during explicit self-reflection, which is associated with social functioning and quality of 

life. Therefore, we investigated functional connectivity of brain regions during explicit 

self-reflection in BD with a history of psychosis and SZ.  

Methods: Twenty-three BD-patients, 17 SZ-patients and 21 health controls (HC) 

performed a self-reflection task, including the conditions self-reflection, close other-

reflection and semantic control. Functional connectivity was investigated with 

generalized psycho-physiological interaction.  

Results: During self-reflection compared to semantic control, BD-patients had 

decreased connectivity between several cortical-midline structures (CMS) nodes (i.e., 

anterior cingulate cortex, insula, ventromedial prefrontal cortex) and the caudate 

head while HC showed increased connectivities. SZ-patients, during close other-

reflection compared to semantic control, demonstrated reduced ventral-anterior 

insula-precuneus/posterior cingulate cortex (PCC) functional connectivity, whereas 

this was increased in HC. There were no differences between BD and SZ during self- 

and close other-reflection.  

Conclusions: We propose that decreased functional connectivity between the CMS 

nodes and caudate head in BD-patients may imply a reduced involvement of the 

motivational system during self-reflection; and the reduced functional connectivity 

between the ventral-anterior insula and precuneus/PCC during close other-reflection 

in SZ-patients may subserve difficulties in information integration of autobiographical 

memory and emotional awareness in relation to close others. These distinctive 

impaired patterns of functional connectivity between BD- and SZ-patients deserve 

further investigation to determine their robustness and associations with differences 

in clinical presentation.  

 

Key words: bipolar disorder, schizophrenia, generalized psycho-physiological 

interaction (gPPI), functional connectivity, self-reflection, close other-reflection 

 

 

Introduction 
 Self-processing is important for psychotic disorders including bipolar disorder 

(BD) with a history of psychosis and schizophrenia (SZ), given a close relationship 

between psychotic symptoms and impaired distinction between the internal (self) and 

external world (Brookwell et al., 2013). The Default Mode Network (DMN) is assumed 

to be related to self-reflective processing during rest (implicit self-reflection). Previous 

neuroimaging studies have shown disturbed DMN-connectivity in both BD and SZ 

patients (Whitfield-Gabrieli and Ford, 2012). A direct comparison between BD with a 

history of psychosis and SZ patients has shown both shared and unique impairments 

in the DMN (Khadka et al., 2013; Meda et al., 2012; Ongur et al., 2010). However, 

there have been no studies to further elucidate the neural correlates during explicit 

self-reflection in BD with a history of psychosis and SZ, which has been associated 

with social cognition and quality of life (Dimaggio et al., 2008; Lysaker et al., 2005; 

Mitchell et al., 2005).  

 Explicit self-reflection (hereafter self-reflection) refers to the cognitive process 

of judging whether certain information (e.g., traits and attitudes) describes oneself 

(van der Meer et al., 2010), which has consistently shown activation in areas termed 

as cortical midline structures (CMS) and the insula (Modinos et al., 2009; Northoff 

and Bermpohl, 2004; Northoff et al., 2006; van der Meer et al., 2010). The CMS 

consist of the anterior cingulate cortex (ACC), posterior cingulate cortex (PCC), 

dorsomedial prefrontal cortex (DMPFC) and ventromedial prefrontal cortex (VMPFC). 

It has been suggested that these self-reflection areas work closely together in a 

network (Northoff and Bermpohl, 2004; van der Meer et al., 2010). Functional 

connectivity of these self-reflection areas has been investigated in healthy 

individuals. Specifically, during self-reflection, compared to valence judgment, 

reduced functional connectivity among the CMS areas and increased functional 

connectivity between the CMS and areas outside the CMS have been observed (van 

Buuren et al., 2010; van Buuren et al., 2012). Interestingly, it has been shown that 

the DMPFC tends to have strong functional connectivity with cognitive control areas, 

while the VMPFC has shown strong functional connections to affective areas during 

self-reflection (Schmitz and Johnson, 2006). Although specific connectivities vary 

across studies, connections between nodes of the self-reflection network, as well as 

connections between these nodes and other brain areas, contribute to normal self-

reflection.  
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Abstract 
Background: Disturbances in implicit self-processing have been reported both in 

psychotic patients with bipolar disorder (BD) and schizophrenia (SZ). It remains 

unclear whether these two psychotic disorders show disturbed functional connectivity 

during explicit self-reflection, which is associated with social functioning and quality of 

life. Therefore, we investigated functional connectivity of brain regions during explicit 

self-reflection in BD with a history of psychosis and SZ.  

Methods: Twenty-three BD-patients, 17 SZ-patients and 21 health controls (HC) 

performed a self-reflection task, including the conditions self-reflection, close other-

reflection and semantic control. Functional connectivity was investigated with 

generalized psycho-physiological interaction.  

Results: During self-reflection compared to semantic control, BD-patients had 

decreased connectivity between several cortical-midline structures (CMS) nodes (i.e., 

anterior cingulate cortex, insula, ventromedial prefrontal cortex) and the caudate 

head while HC showed increased connectivities. SZ-patients, during close other-

reflection compared to semantic control, demonstrated reduced ventral-anterior 

insula-precuneus/posterior cingulate cortex (PCC) functional connectivity, whereas 

this was increased in HC. There were no differences between BD and SZ during self- 

and close other-reflection.  

Conclusions: We propose that decreased functional connectivity between the CMS 

nodes and caudate head in BD-patients may imply a reduced involvement of the 

motivational system during self-reflection; and the reduced functional connectivity 

between the ventral-anterior insula and precuneus/PCC during close other-reflection 

in SZ-patients may subserve difficulties in information integration of autobiographical 

memory and emotional awareness in relation to close others. These distinctive 

impaired patterns of functional connectivity between BD- and SZ-patients deserve 

further investigation to determine their robustness and associations with differences 

in clinical presentation.  
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interaction (gPPI), functional connectivity, self-reflection, close other-reflection 

 

 

Introduction 
 Self-processing is important for psychotic disorders including bipolar disorder 

(BD) with a history of psychosis and schizophrenia (SZ), given a close relationship 

between psychotic symptoms and impaired distinction between the internal (self) and 

external world (Brookwell et al., 2013). The Default Mode Network (DMN) is assumed 

to be related to self-reflective processing during rest (implicit self-reflection). Previous 

neuroimaging studies have shown disturbed DMN-connectivity in both BD and SZ 

patients (Whitfield-Gabrieli and Ford, 2012). A direct comparison between BD with a 

history of psychosis and SZ patients has shown both shared and unique impairments 

in the DMN (Khadka et al., 2013; Meda et al., 2012; Ongur et al., 2010). However, 

there have been no studies to further elucidate the neural correlates during explicit 

self-reflection in BD with a history of psychosis and SZ, which has been associated 

with social cognition and quality of life (Dimaggio et al., 2008; Lysaker et al., 2005; 

Mitchell et al., 2005).  

 Explicit self-reflection (hereafter self-reflection) refers to the cognitive process 

of judging whether certain information (e.g., traits and attitudes) describes oneself 

(van der Meer et al., 2010), which has consistently shown activation in areas termed 

as cortical midline structures (CMS) and the insula (Modinos et al., 2009; Northoff 

and Bermpohl, 2004; Northoff et al., 2006; van der Meer et al., 2010). The CMS 

consist of the anterior cingulate cortex (ACC), posterior cingulate cortex (PCC), 

dorsomedial prefrontal cortex (DMPFC) and ventromedial prefrontal cortex (VMPFC). 

It has been suggested that these self-reflection areas work closely together in a 

network (Northoff and Bermpohl, 2004; van der Meer et al., 2010). Functional 

connectivity of these self-reflection areas has been investigated in healthy 

individuals. Specifically, during self-reflection, compared to valence judgment, 

reduced functional connectivity among the CMS areas and increased functional 

connectivity between the CMS and areas outside the CMS have been observed (van 

Buuren et al., 2010; van Buuren et al., 2012). Interestingly, it has been shown that 

the DMPFC tends to have strong functional connectivity with cognitive control areas, 

while the VMPFC has shown strong functional connections to affective areas during 

self-reflection (Schmitz and Johnson, 2006). Although specific connectivities vary 

across studies, connections between nodes of the self-reflection network, as well as 

connections between these nodes and other brain areas, contribute to normal self-

reflection.  
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 However, to our knowledge, despite comparisons of the DMN between BD 

and SZ patients, functional connectivity within the explicit self-reflective network has 

not been investigated in BD and SZ patients. In addition, reflection on self and a 

close other has been shown comparable in many respects (Murray et al., 2012; van 

der Meer et al., 2010), but no study has shed light on functional connectivity during 

close other-reflection yet. Therefore, we also investigated functional connectivity 

during close other-reflection.  

In summary, we aimed to investigate functional connectivity of self- and close 

other-reflection in BD with a history of psychosis and SZ patients. Considering the 

findings in healthy individuals, we expected BD and SZ patients to show changes in 

connectivity between the CMS nodes and non-CMS areas. A direct comparison 

between BD with a history of psychosis and SZ patients was included in order to 

explore whether they were comparable in functional connectivity during self- and 

close other-reflection.  

 

Methods  
Participants 

 The study involved 23 BD patients and 17 SZ patients, who were recruited 

from mental health care institutions in the North of the Netherlands. Around 20-50% 

BD patients report psychotic episodes, representing the most severe BD population 

(Keck et al., 2003; Pope and Lipinski, 1978). Moreover, given that self-reflection has 

been associated with illness insight (clinical and cognitive insight) (van der Meer et 

al., 2013), the current SZ data were used from a previous study (van der Meer et al., 

2013) that included measures of insight, in order to have comparable levels of illness 

insight in BD and SZ patients. Clinical and cognitive insight were measured with the 

Schedule of Assessment of Insight-Expanded version (SAI-E, Kemp and A. S. David, 

1997) and the Beck Cognitive Insight Scale (BCIS, Beck et al., 2004), respectively. 

Diagnosis was confirmed with the Mini International Neuropsychiatric Interview-Plus 

5.0.0 (MINI-Plus, Sheehan et al., 1998). Inclusion criteria were no medication change 

at least one week prior to scanning, no psychiatric disorders other than BD or SZ, no 

neurological/somatic disorders which might affect the central nervous system, no 

electroconvulsive therapy in the year before scanning, free from MRI-incompatibilities 

(e.g. metal implant, pregnancy), and for BD patients a life-time history of psychotic 

symptoms was required. Five BD patients with excessive head movements (more 

 

 

than 3º and/or 3 mm in any direction), missing log files of the task, or a lack of 

imaging data had to be excluded, leaving a final sample of 18 BD patients.  

 The Quick Inventory of Depressive Symptomatology (QIDS, Rush et al., 2003) 

and Young Mania Rating Scale (YMRS, Young et al., 1978) were administered in BD 

and SZ patients to measure the current severity of depression and mania, 

respectively. The Positive and Negative Syndrome Scale (PANSS, Kay et al., 1987) 

was conducted to assess the severity of current psychotic symptoms. Lower scores 

on the QIDS, YMRS and PANSS reflected less symptom severity. Intelligence was 

measured with the Dutch adult reading test (DART, Schmand et al., 1991).  

Twenty-one healthy controls (HC) were recruited, who had no 

neurological/somatic disorders that could have influenced the central nervous 

system. The MINI-Plus was administered in HC to exclude participants with past or 

current psychiatric disorders. In addition, the QIDS and DART were also conducted 

in HC. In summary, 18 BD patients with a history of psychotic symptoms, 17 SZ 

patients and 21 HC were included in our final analyses.  

 This study was approved by the Medical Ethics Committee of the University 

Medical Center Groningen and was based on the Declaration of Helsinki (2008). All 

participants provided written informed consent. Differences in activation patterns 

during self- and other-reflection of the BD patients, SZ patients and HC were 

published previously (Zhang et al., 2015), while the current report concerns 

connectivity differences. 

 

Self-reflection task 

 During the self-reflection task (Zhang et al., 2015), participants were instructed 

to judge whether a sentence with a trait word was applicable to them (self-reflection) 

or a close other (close other-reflection). Notably, a close other was named by the 

participant before scanning. Judgments were made on a four-point continuum (1-fully 

disagree; 4-fully agree). Valence (positive and negative) and quality (mental and 

physical) were balanced within the conditions self and close other. In the control 

condition, participants judged whether sentences with general knowledge were true 

or false (semantic control), with an equal number of true and false statements.  

 In each trial, a sentence was presented for 4000 ms followed by a fixation 

cross for 500 ms. Each condition included 60 sentences. These sentences were 
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imaging data had to be excluded, leaving a final sample of 18 BD patients.  

 The Quick Inventory of Depressive Symptomatology (QIDS, Rush et al., 2003) 

and Young Mania Rating Scale (YMRS, Young et al., 1978) were administered in BD 

and SZ patients to measure the current severity of depression and mania, 
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during self- and other-reflection of the BD patients, SZ patients and HC were 

published previously (Zhang et al., 2015), while the current report concerns 

connectivity differences. 

 

Self-reflection task 

 During the self-reflection task (Zhang et al., 2015), participants were instructed 

to judge whether a sentence with a trait word was applicable to them (self-reflection) 

or a close other (close other-reflection). Notably, a close other was named by the 

participant before scanning. Judgments were made on a four-point continuum (1-fully 

disagree; 4-fully agree). Valence (positive and negative) and quality (mental and 

physical) were balanced within the conditions self and close other. In the control 

condition, participants judged whether sentences with general knowledge were true 

or false (semantic control), with an equal number of true and false statements.  

 In each trial, a sentence was presented for 4000 ms followed by a fixation 

cross for 500 ms. Each condition included 60 sentences. These sentences were 
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organized in blocks (five trials per block) semi-randomly in terms of the three 

conditions to avoid consecutive presentation of the same condition.  

 

Image acquisition 

fMRI scanning was performed using a 3.0 Tesla whole body scanner (Philips 

Intera, Best, NL). The head of the participant was kept still using an elastic band and 

foam cushions on each side of the head. Stimuli were rear-projected on a screen, 

which could be seen via a mirror attached to the SENSE 8-channel head coil. For 

avoiding artifacts due to nasal cavities, images were tilted approximately 10º to the 

anterior commissure-posterior commissure (AC-PC) transverse plane. The functional 

images were acquired using T2*-weighted echo planar imaging sequences. Each 

functional image comprised 37 interleaved axial slices of 3.5 mm thickness (slice 

gap=0 mm; TR=2.00 s; TE=30 ms; FOV=224.0 × 129.5 × 224.0 mm; 64 × 62 matrix 

of 3.5 × 3.5 × 3.5 voxels). A T1-weighted 3D Fast Field Echo anatomical image was 

acquired parallel to the bicommissural plane, covering the whole brain (170 slices; 

TR = 9.0 ms; TE=3.5 ms; FOV = 232.0 × 170.0 × 256.0 mm; voxel size: 1×1×1 mm).  

 

Data analysis 

Pre-processing and main task effects  

 Functional magnetic resonance imaging (fMRI) data were analyzed using 

statistical parametric mapping (SPM8, http://www.fil.ion.ucl.ac.uk/spm/) implemented 

in Matlab 7.13.0.564 (R2011b, Math Works Inc., Natick, MA). The functional images 

were adjusted manually to the anatomical image and AC-PC plane for each 

participant. Subsequently, functional images were pre-processed including slice-time 

correction, realignment, co-registration to the anatomical image, warping into 

standard Montreal Neurological Institute (MNI) space and smoothing with a Full 

Width at Half Maximum (FWHM) Gaussian kernel of 10 mm.  

 First, main task effects were investigated to define seed regions for 

subsequent gPPI analysis (next section). At first-level, the conditions self, close other 

and semantic were modeled as separate regressors in a general linear model. A 

high-pass filter was defined individually as 1.1 times the longest interval between two 

subsequent trials of the same condition to remove low-frequency noise. Two 

contrasts were defined: self>semantic and close other>semantic. These contrasts 

were entered into a full factorial model, with condition (self>semantic and close 

 

 

other>semantic) as within-subjects variable and group (HC, BD and SZ) as between-

subjects variable. Age was added as covariate of no interest. Main task effects 

independent of group for self>semantic and close other>semantic were tested whole 

brain at a threshold of p<.05 family wise error (FWE) corrected for multiple testing on 

voxel-level and a cluster extent threshold of k≥10 voxels. 

 

Generalized psycho-physiological interaction analysis 

 Generalized psycho-physiological interaction (gPPI, 

http://brainmap.wisc.edu/PPI) is a method to investigate the functional connectivity 

between a seed region and the rest of the brain during modulation of psychological 

variables (e.g. task conditions), which allows for more flexibility in analyses (e.g. to 

test conditions or contrasts in one model) compared to the conventional PPI 

(McLaren et al., 2012). To obtain the physiological variable, blood oxygen level 

dependent (BOLD) signals were extracted from the seed region and deconvolved. 

The gPPI interaction variable was created by multiplying the neural signal of the seed 

with the task condition regressors (self, close other and semantic).  

 The gPPI analyses for self- and close other-reflection were conducted 

separately. The centers of the seeds were defined based on (sub-)peak coordinates 

of the main task effects (see Table S1), which corresponded to areas within the 

CMS/insula reflective network suggested by previous literature (Northoff and 

Bermpohl, 2004; van der Meer et al., 2010). This resulted in the following peak 

coordinates for self-reflection: (1) VMPFC (x, y, z =0, 60, 14; t = 14.43); (2) ACC 

(x,y,z = -6, 50, 2; t = 10.89); (3) PCC (x, y, z =-2, -46, 28; t = 13.34; (4) insula (x, y, 

z=-34, 18, -14, t=7.43). Three peak coordinates were defined for close other-

reflection: (1) VMPFC (x, y, z =0, 60, 16; t = 16.15); (2) Insula (x, y, z = -28, 16, -14; t 

= 9.47); (3) PCC (x, y, z =0, -50, 30; t = 17.35). A sphere with a radius of 6 mm was 

drawn around each peak to construct the corresponding seed region, with no overlap 

between seeds. 

New models were built to conduct the gPPI analyses. On first-level, for each 

participant, a separate gPPI model was estimated for each seed. The gPPI 

generated 7 regressors: three for the task conditions, one for the seed and three for 

the seed × condition interaction regressors. The obtained interaction variable was 

convolved with the canonical hemodynamic response function to associate it with the 

BOLD level. The contrast self > semantic was created for each gPPI model 
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other>semantic) as within-subjects variable and group (HC, BD and SZ) as between-

subjects variable. Age was added as covariate of no interest. Main task effects 

independent of group for self>semantic and close other>semantic were tested whole 

brain at a threshold of p<.05 family wise error (FWE) corrected for multiple testing on 

voxel-level and a cluster extent threshold of k≥10 voxels. 

 

Generalized psycho-physiological interaction analysis 

 Generalized psycho-physiological interaction (gPPI, 

http://brainmap.wisc.edu/PPI) is a method to investigate the functional connectivity 

between a seed region and the rest of the brain during modulation of psychological 

variables (e.g. task conditions), which allows for more flexibility in analyses (e.g. to 

test conditions or contrasts in one model) compared to the conventional PPI 

(McLaren et al., 2012). To obtain the physiological variable, blood oxygen level 

dependent (BOLD) signals were extracted from the seed region and deconvolved. 

The gPPI interaction variable was created by multiplying the neural signal of the seed 

with the task condition regressors (self, close other and semantic).  

 The gPPI analyses for self- and close other-reflection were conducted 

separately. The centers of the seeds were defined based on (sub-)peak coordinates 

of the main task effects (see Table S1), which corresponded to areas within the 

CMS/insula reflective network suggested by previous literature (Northoff and 

Bermpohl, 2004; van der Meer et al., 2010). This resulted in the following peak 

coordinates for self-reflection: (1) VMPFC (x, y, z =0, 60, 14; t = 14.43); (2) ACC 

(x,y,z = -6, 50, 2; t = 10.89); (3) PCC (x, y, z =-2, -46, 28; t = 13.34; (4) insula (x, y, 

z=-34, 18, -14, t=7.43). Three peak coordinates were defined for close other-

reflection: (1) VMPFC (x, y, z =0, 60, 16; t = 16.15); (2) Insula (x, y, z = -28, 16, -14; t 

= 9.47); (3) PCC (x, y, z =0, -50, 30; t = 17.35). A sphere with a radius of 6 mm was 

drawn around each peak to construct the corresponding seed region, with no overlap 

between seeds. 

New models were built to conduct the gPPI analyses. On first-level, for each 

participant, a separate gPPI model was estimated for each seed. The gPPI 

generated 7 regressors: three for the task conditions, one for the seed and three for 

the seed × condition interaction regressors. The obtained interaction variable was 

convolved with the canonical hemodynamic response function to associate it with the 

BOLD level. The contrast self > semantic was created for each gPPI model 
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corresponding to a self-reflection seed, by subtracting the gPPI interaction regressor 

of the semantic condition from the interaction regressor of the self condition. 

Similarly, the contrast close other > semantic was obtained for each gPPI model of 

the close other-reflection seeds. 

On second-level, to investigate the normal functional connectivity, the 

obtained contrast images of HC were entered into a one-sample t-test model. Both 

increased and decreased connectivity between the seeds and coupling areas were 

investigated. Furthermore, a one way ANOVA model was built, with group (BD, SZ 

and HC) as independent variable. Because of our specific interest in deviations in BD 

and SZ patients from HC, and in differences between BD and SZ, we planned t-tests 

between BD patients and HC, between SZ patients and HC, and between BD and SZ 

patients. Moreover, to investigate whether any potential group differences were due 

to a difference during the semantic control in the areas showing a group difference, a 

one way ANOVA was conducted on the semantic condition between BD patients, SZ 

patients and HC. Age was added as covariate of no interest. A threshold was set to 

p<.05 FWE corrected on cluster-level with an initial voxel-defining threshold of 

p<.001 uncorrected.  

In addition, in order to explore influences of depression on functional 

connectivity, we repeated the analyses by adding depression severity (QIDS-score) 

as covariate of no interest, Of note, this was an exploratory analysis for the purpose 

of providing more complete information and not our main analysis because 

depression is an inherent feature of BD and SZ. The same threshold was applied as 

in the main analysis. 

 

Results  
Sample characteristics  

 Detailed demographical and clinical information are reported in Table 1. All 

groups (BD patients, SZ patients and HC) were statistically comparable on 

intelligence, sex and level of education. There was a main effect of group on age, 

which was driven by a difference between HC and BD patients (29.95 versus 40.22, 

p=.006), therefore age was included as covariate of no interest in the analyses. BD 

and SZ patients had on average higher QIDS-scores than HC (6.22 [BD], 7.94 [SZ] 

versus 2.00 [HC]), implying more depressive symptoms in patients. Furthermore, 

patient groups were statistically matched on severity of depression and mania, and 

 

 

level of insight (clinical and cognitive insight). As expected, SZ patients had higher 

level of severity on psychotic symptoms compared to BD patients. BD patients had 

on average 7.60 manic episodes and 5.33 depressive episodes (lifetime). Based on 

the QIDS (score range: 0-20) and YMRS (score range: 0-4), 14 BD patients were 

scanned during an euthymic episode (YMRS≤8 and QIDS≤10 (Mercer and Becerra, 

2013; Rush et al., 2006), and four had moderate to severe depressive symptoms 

(QIDS>10). Four SZ patients had moderate to severe depressive symptoms at 

scanning. All patients were taking medication except for one BD patient and one SZ 

patient. Behavioral performance of this sample has been described previously 

(Zhang et al., 2015). 

 

Connectivity analyses 

 In HC, during self-reflection compared to semantic control, we found increased 

connectivity between the VMPFC and caudate, and decreased connectivity between 

the VMPFC and inferior parietal lobule/supramarginal gyrus (IPL/SMG); decreased 

connectivity of the ACC with the IPL/SMG and precuneus; increased connectivity 

between the PCC and the middle frontal gyrus (MFG), inferior frontal gyrus (IFG) and 

DMPFC, and reduced connectivity between the PCC and precuneus. For close other-

reflection compared to semantic control, the VMPFC showed less connectivity with 

the mid-cingulate cortex (MCC), and there was reduced connectivity between the 

PCC and the parahippocampal gyrus/fusiform gyrus, precuneus, cuneus, MCC, 

middle temporal gyrus, superior temporal gyrus and SMG (Table 2, see Table S2 and 

Table S3 for results in BD and SZ patients respectively).  

 With respect to group comparisons, during self-reflection, the ACC, insula and 

VMPFC had decreased functional connectivity with the caudate head in BD patients 

compared to HC (Table 3, all p<.05, FWE corrected on cluster-level). Specifically, 

during self-reflection compared to semantic control, there was reduced functional 

connectivity between these seed regions and the head of the caudate in BD patients, 

while these functional connectivities were increased in HC (Figure 1). Moreover, we 

also observed decreased functional connectivity between these self-reflection seed 

regions and corpus callosum in BD patients compared to HC (Figure 1). No 

differences in functional connectivity were observed between SZ patients and HC 

during self-reflection. During close other-reflection, there was decreased connectivity 
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Table 1 Demographic and clinical information 

Variables BDa SZb HCc p 
Age, M (SD)  

 

40.22 

(12.34) 

35.53 

(9.74) 

29.95 

(10.99) 

.02* 
Male/Female, N 8/10 11/6 12/9 .47 
Education leveld, M (SD) 5.94 (.87) 5.65 (.86) 5.76 (.83) .58 
BD type I/IIe, N 15/2    
Intelligence (DART)         
   Total correct, M (SD) 42.76 (3.63) 38.50 

(6.84) 

41.15 

(6.80) 

.14    
Manic episodes, N, M (SD) 7.60 (10.73)    
Depressive episodes, N, M (SD) 5.33 (4.35)     
QIDS, M (SD)  6.22 (6.02) 7.94 (3.88) 2.00 (1.18) .002* 
YMRS, M (SD) 1.29 (1.45) 1.71 (1.86)  .49 
PANSS, M (SD)      
   Total 40.53 (6.19) 52.59 

(13.52) 

 .003* 
   Positive 9.35 (2.62) 12.71 

(4.63) 

 .015* 
   Negative 10.00 (3.37) 13.47 

(4.81) 

 .021* 
     General psychopathology   21.76 (3.46)   26.41 

(6.96) 

   .019* 
  Insight     
     SAI-E   22.36 (1.99)   21.64 

(1.93) 

   .29 
     BCIS         
       Composite score   8.00 (5.36)   7.29 (4.27)    .67 
       Self-reflectiveness   15.29 (4.36)   16.41 

(5.29) 

   .51 
       Self-certainty   7.29 (2.52)   9.12 (4.41)    .15 
  Psychopharmacological drug (N) 

 

  

 

 
     Haloperidol    1 
     Pimozide 

 

 1      
     Aripiprazole    9   
     Clozapine    2   
     Olanzapine 

 

 2   5   
     Quetiapine 

 

 

 6   4   
     Risperidone    1   
     Clomipramine    1   
     Lithium 

 

 7    
     Sertraline 

 

 1    
     Trazodone 

 

 1    
     Valproic acid 

 

 4    
     Bupropion 

 

 1    
     Oxazepam 

 

 1    
     None  1   1   

Abbreviations: BCIS=Beck Cognitive Insight Scale; BD=bipolar disorder; DART=Dutch Reading Test 

for Adults; HC=healthy controls; M=mean; N=number; PANSS=Positive and Negative Syndrome 

Scale; QIDS=Quick Inventory of Depressive Symptoms-Self Report; SAI-E=Schedule of Assessment 

of Insight-Expanded version; SD=standard deviation; YMRS=Young Mania Rating Scale. *p<.05.  

aOne BD withdrew from the study after scanning, with no clinical interview data. The number of 

depressive/manic episodes was unavailable for another two BD patients. bWe recruited three SZ 

patients from another study whose information on DART and YMRS are not available. cClinical 

interview data were unavailable for seven HC. Another HC did not have data for DART. dEducation 

 

 

level was based on Verhage (1964). eDiagnosis of one BD was confirmed by a psychiatrist, without the 

BD type information.  

 

 Table 2 gPPI results for healthy controls  

Seed Brain region 

(grey matter) 

BA voxels MNI 

coordinates 

Z 

score 

    x y z  

self > semantic        

ACC_dec IPL/SMG 40 594 48 

56 

44 

-50 

-46 

-54 

42 

44 

58 

4.65 

4.51 

3.42 

 Precuneus 7 266 10 

14 

-58 

-60 

36 

28 

4.52 

3.26 

PCC_inc DMPFC 8 341 -2 

-6 

0 

30 

38 

38 

58 

56 

46 

3.85 

3.75 

3.31 

 MFG/IFG 9/45 

/46 

323 -46 

-42 

26 

16 

30 

34 

3.81 

3.31 

PCC_dec Precuneus 7 217 -8 -70 42 4.73 

VMPFC_inc Caudatea  244 -2 

0 

-4 

10 

-6 

-2 

-2 

12 

6 

4.10 

3.53 

3.50 

VMPFC_dec IPL/SMG 40 247 58 -44 46 4.25 

close other > semantic 

PCC_dec Parahippocampal gyrus 

/fusiform gyrus 

37 324 34 

28 

-50 

-40 

-6 

-6 

5.07 

4.23 

 Precuneus 7 447 -12 -74 36 4.91 
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BD type information.  

 

 Table 2 gPPI results for healthy controls  

Seed Brain region 

(grey matter) 

BA voxels MNI 

coordinates 

Z 

score 

    x y z  

self > semantic        

ACC_dec IPL/SMG 40 594 48 

56 

44 

-50 

-46 

-54 

42 

44 

58 

4.65 

4.51 

3.42 

 Precuneus 7 266 10 

14 

-58 

-60 

36 

28 

4.52 

3.26 

PCC_inc DMPFC 8 341 -2 

-6 

0 

30 

38 

38 

58 

56 

46 

3.85 

3.75 

3.31 

 MFG/IFG 9/45 

/46 

323 -46 

-42 

26 

16 

30 

34 

3.81 

3.31 

PCC_dec Precuneus 7 217 -8 -70 42 4.73 

VMPFC_inc Caudatea  244 -2 

0 

-4 

10 

-6 

-2 

-2 

12 

6 

4.10 

3.53 

3.50 

VMPFC_dec IPL/SMG 40 247 58 -44 46 4.25 

close other > semantic 

PCC_dec Parahippocampal gyrus 

/fusiform gyrus 

37 324 34 

28 

-50 

-40 

-6 

-6 

5.07 

4.23 

 Precuneus 7 447 -12 -74 36 4.91 
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Table 2 Continued  

Seed Brain region 

(grey matter) 

BA voxels MNI coordinates Z score 

    x y z  

 Precuneus 

/cuneus 

7 641 14 

24 

14 

-66 

-60 

-60 

32 

16 

20 

4.47 

3.57 

3.43 

 MCC 

 

31 717 -4 

0 

4 

-22 

-40 

-46 

44 

50 

34 

4.05 

3.69 

3.66 

 MTG/STG/SMG 22/40 924 56 

54 

46 

-46 

-58 

-56 

24 

12 

8 

4.03 

3.93 

3.79 

VMPFC_dec MCC 31 

 

383 -10 

4 

-4 

-24 

-18 

-18 

42 

42 

38 

4.11 

3.49 

3.49 

Abbreviations: ACC=anterior cingulate cortex; dec=decreased coupling; DMPFC=dorsomedial 

prefrontal cortex; IFG=inferior frontal gyrus; inc=increased coupling; IPL=inferior parietal lobule; 

MCC=mid-cingulate cortex; MFG=middle frontal gyrus; MTG=middle temporal gyrus; 

PCC=posterior cingulate cortex; SMG=supramarginal gyrus; STG=superior temporal gyrus; 

VMPFC=ventromedial prefrontal cortex. aCaudate nucleus extends into neighboring tissue.  

 

between the ventral-anterior insula and precuneus/PCC in SZ patients compared to 

HC (Table 3, p=.016, FWE corrected on cluster-level). To be more exact, during 

close other-reflection compared to semantic control, SZ patients showed reduced 

functional connectivity between the ventral-anterior insula and precuneus/PCC 

whereas enhanced connectivity was seen in HC (Figure 1). In contrast, there was no 

difference in functional connectivity between BD patients and HC during close other-

reflection. Comparing BD to SZ patients did not reveal differences in functional 

connectivity during self- and close other-reflection. Notably, there was no group 

difference of functional connectivity in the observed areas during the semantic 

condition from the corresponding seed regions.  

 

 

 Results of the group comparisons after adding depression severity as 

covariate of no interest are described in Table S4. Briefly, during close other-

reflection, similar results were seen. However, during self-reflection, we did not find 

group differences in functional connectivity between the CMS areas and the head of 

the caudate as observed in our main analysis, but there was reduced functional 

connectivity in BD patients between the ventral-anterior insula and the superior 

parietal lobule (SPL), precuneus, supplementary motor area (SMA), middle occipital 

gyrus, and lingual gyrus compared to HC, Moreover, SZ patients showed decreased 

functional connectivity between the ventral-anterior insula and the SMA, precuneus 

and SPL.  
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Table 2 Continued  

Seed Brain region 

(grey matter) 

BA voxels MNI coordinates Z score 

    x y z  

 Precuneus 

/cuneus 

7 641 14 

24 

14 

-66 

-60 

-60 

32 

16 

20 

4.47 

3.57 

3.43 

 MCC 

 

31 717 -4 

0 

4 

-22 

-40 

-46 

44 

50 

34 

4.05 

3.69 

3.66 

 MTG/STG/SMG 22/40 924 56 

54 

46 

-46 

-58 

-56 

24 

12 

8 

4.03 

3.93 

3.79 

VMPFC_dec MCC 31 

 

383 -10 

4 

-4 

-24 

-18 

-18 

42 

42 

38 

4.11 

3.49 

3.49 

Abbreviations: ACC=anterior cingulate cortex; dec=decreased coupling; DMPFC=dorsomedial 

prefrontal cortex; IFG=inferior frontal gyrus; inc=increased coupling; IPL=inferior parietal lobule; 

MCC=mid-cingulate cortex; MFG=middle frontal gyrus; MTG=middle temporal gyrus; 

PCC=posterior cingulate cortex; SMG=supramarginal gyrus; STG=superior temporal gyrus; 

VMPFC=ventromedial prefrontal cortex. aCaudate nucleus extends into neighboring tissue.  

 

between the ventral-anterior insula and precuneus/PCC in SZ patients compared to 

HC (Table 3, p=.016, FWE corrected on cluster-level). To be more exact, during 

close other-reflection compared to semantic control, SZ patients showed reduced 

functional connectivity between the ventral-anterior insula and precuneus/PCC 

whereas enhanced connectivity was seen in HC (Figure 1). In contrast, there was no 

difference in functional connectivity between BD patients and HC during close other-

reflection. Comparing BD to SZ patients did not reveal differences in functional 

connectivity during self- and close other-reflection. Notably, there was no group 

difference of functional connectivity in the observed areas during the semantic 

condition from the corresponding seed regions.  

 

 

 Results of the group comparisons after adding depression severity as 

covariate of no interest are described in Table S4. Briefly, during close other-

reflection, similar results were seen. However, during self-reflection, we did not find 

group differences in functional connectivity between the CMS areas and the head of 

the caudate as observed in our main analysis, but there was reduced functional 

connectivity in BD patients between the ventral-anterior insula and the superior 

parietal lobule (SPL), precuneus, supplementary motor area (SMA), middle occipital 

gyrus, and lingual gyrus compared to HC, Moreover, SZ patients showed decreased 

functional connectivity between the ventral-anterior insula and the SMA, precuneus 

and SPL.  
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    Table 3 gPPI results for group comparisons 

Seed Brain region  

(grey matter) 

BA voxels Z 

score 

MNI 

coordinates 

     x y z 

self > semantic        

ACC _HC>BD caudatea   381 4.27 

3.94 

3.68 

16 

-2 

6 

28 

24 

24 

2 

12 

2 

Insula_HC>BD caudatea   705 3.90 

3.85 

3.81 

-2 

14 

22 

26 

26 

46 

12 

4 

6 

VMPFC_HC>BD 

 

caudatea   491 5.23 

3.88 

3.64 

-6 

-20 

-10 

24 

32 

30 

14 

0 

0 

 caudatea   392 4.25 

3.97 

3.88 

20 

14 

26 

30 

24 

36 

0 

6 

6 

close other>semantic        

Insula_HC>SZ 

 

Precuneus 

/PCC 

7 

/31 

319 3.86 

3.82 

3.34 

14 

14 

-4 

-60 

-52 

-64 

30 

28 

30 

Abbreviations: ACC=anterior cingulate cortex; BD=bipolar disorder; HC=healthy controls;   

PCC=posterior cingulate cortex; SZ=schizophrenia; VMPFC=ventromedial prefrontal cortex. 
aCaudate nucleus extends into neighboring tissue.   

 

 

 

 
Figure 1 Group comparison of functional connectivity. During self-reflection, there 

are decreased functional connectivities between the seed regions (a) ACC, (d) 

insula, and (g) VMPFC and the caudate head/corpus callosum (b, e, h, respectively) 

in BD patients, whereas increased connectivities between these areas were found in 

HC compared to semantic control (c, f, i, respectively). During close other-reflection, 

SZ patients show reduced functional connectivity between the seed region ventral-

anterior insula (j) and the precuneus/PCC (k) while HC showed increased ventral-

anterior insula-precuneus/PCC functional connectivity compared to semantic control 

(l). Error bar means one standard error in each direction. Abbreviations: 

ACC=anterior cingulate cortex; BD=bipolar disorder; HC=healthy controls; 

PCC=posterior cingulate cortex; SZ=schizophrenia; VMPFC=ventromedial prefrontal 

cortex. 

 

Discussion 
 This study is the first investigation of task-related functional brain connectivity 

during self/other reflection in patients with bipolar disorder (BD) and a history of 

psychosis and patients with schizophrenia (SZ), as compared to healthy controls. 
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aCaudate nucleus extends into neighboring tissue.   

 

 

 

 
Figure 1 Group comparison of functional connectivity. During self-reflection, there 

are decreased functional connectivities between the seed regions (a) ACC, (d) 

insula, and (g) VMPFC and the caudate head/corpus callosum (b, e, h, respectively) 

in BD patients, whereas increased connectivities between these areas were found in 

HC compared to semantic control (c, f, i, respectively). During close other-reflection, 

SZ patients show reduced functional connectivity between the seed region ventral-

anterior insula (j) and the precuneus/PCC (k) while HC showed increased ventral-

anterior insula-precuneus/PCC functional connectivity compared to semantic control 

(l). Error bar means one standard error in each direction. Abbreviations: 

ACC=anterior cingulate cortex; BD=bipolar disorder; HC=healthy controls; 

PCC=posterior cingulate cortex; SZ=schizophrenia; VMPFC=ventromedial prefrontal 

cortex. 

 

Discussion 
 This study is the first investigation of task-related functional brain connectivity 

during self/other reflection in patients with bipolar disorder (BD) and a history of 

psychosis and patients with schizophrenia (SZ), as compared to healthy controls. 
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Most importantly, during self-reflection compared to semantic control, BD patients 

showed decreased connectivity between the anterior cingulate cortex (ACC), insula 

and ventromedial prefrontal cortex (VMPFC) and the head of the caudate, while HC 

showed increased connectivity for these regions. Moreover, during close other-

reflection, reduced connectivity between the ventral-anterior insula and 

precuneus/posterior cingulate cortex (PCC) was seen in SZ patients while this 

connectivity was increased in HC. Of note, these group differences were not related 

to connectivity differences during the semantic control condition, suggesting that the 

group differences were specific for self- and close other-reflection.  

 

Group difference during self-reflection in BD patients 

 During self-reflection, BD patients showed decreased connectivity of the ACC, 

VMPFC, and insula with the head of the caudate compared to HC, which could not 

be explained by activation differences in these two areas (Zhang et al., 2015). 

Structural abnormalities in these areas have been reported in BD patients (Canales-

Rodríguez et al., 2014; Phillips and Swartz, 2014). The caudate has been associated 

with multiple functions, especially action-related processing, including motor planning 

and execution (Gerardin et al., 2004), and reward processing (Delgado et al., 2000; 

Delgado et al., 2004; Farr et al., 2012). Although the caudate is not generally 

regarded as a self-reflection area, it was activated during self-reflection (Table S1), 

corroborating previous studies that identified caudate activation during self-reflection 

and in relation to self-relevance (Denny et al., 2012; Grigg and Grady, 2010; Moran 

et al., 2006). Notably, Enzi et al. (2009) have reported activation of the head of the 

caudate during both reward and self-reflective processing. These authors therefore 

suggested that the head of the caudate might be involved in linking reward to self-

relevance. This is also suggested by the close connections between the head of the 

caudate and self-reflection areas (e.g. the ACC and medial prefrontal cortex) 

(Postuma and Dagher, 2006). In line with this suggestion, activation in the head of 

the caudate has been seen during imagining future (especially positive) self-related 

events (D'Argembeau et al., 2008). Shany-Ur et al. (2014) have found increased 

involvement of the head of the caudate during overestimation of self-functioning, 

which may be associated with the attribution of more rewarding information to 

oneself. Taken together, these studies show that the head of the caudate is important 

for reward-related and self-reflective processing.  

 

 

 The ACC, VMPFC and insula have been shown to be important nodes in the 

cortical midline structures (CMS) network during self-reflection. Previous models and 

meta-analysis of self-reflection have suggested functionally distinctive parts of the 

CMS, in which the ACC and VMPFC (ventral CMS) are assumed to be involved in 

directing attention and labeling external stimuli as self-relevant, respectively (Northoff 

and Bermpohl, 2004; Northoff et al., 2006; van der Meer et al., 2010). Moreover, 

activation in the insula has been observed during physical self-reflection (e.g., self-

face) (Hu et al., 2016), and also psychological self-reflection (e.g., reflection on traits) 

(Modinos et al., 2009; van der Meer et al., 2010). Our seed-region in the insula was 

located anterior and the anterior insula has been involved in self-awareness, 

representing an integrated sentient self (Craig, 2009). In addition, specifically the 

ventral part of the anterior insula has been found to be associated with social-

emotional functions (e.g., recall of one’s emotions, feeling other’s emotional feelings) 

(Kurth et al., 2010). Taken together, it might be suggested that the ventral-anterior 

insula is involved in emotional awareness during reflective processing. Notably, all 

the three seed-regions appear to be activated during self-reflection in the emotional 

domains (Northoff et al., 2006), and also during reward related processing (De Greck 

et al., 2008; Rogers et al., 2004; Tanaka et al., 2004). Given that self-reflection might 

be emotional and rewarding, and in line with the finding that healthy individuals often 

show a positive self-serving bias (more positive and less negative self-attributions 

(Mezulis et al., 2004), our finding of reduced functional connectivity with the head of 

the caudate during self-reflection in BD patients may imply that BD patients have less 

capacity to self-reflect and have difficulties in experiencing reward during reflecting 

on themselves. Indeed, evidence on the behavioral level has shown less positive 

self-serving bias (less positive and more negative self-attributions) in BD patients 

(Zhang et al., 2015). Furthermore, considering the mainly stable BD sample in the 

current study, we speculate that such a functional connectivity pattern during self-

reflection in BD with a history of psychosis might represent a vulnerability factor for 

future presence of psychotic symptoms and/or emotional episodes (e.g., depression 

and mania).   

 Moreover, in addition to our observed alterations in functional connectivity in 

grey matter, we also found reduced functional connectivity between these CMS 

nodes (i.e., ACC, VMPFC, and insula) and the corpus callosum in BD patients. There 

have been studies showing involvement of the corpus callosum during task activation 
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showed increased connectivity for these regions. Moreover, during close other-

reflection, reduced connectivity between the ventral-anterior insula and 

precuneus/posterior cingulate cortex (PCC) was seen in SZ patients while this 

connectivity was increased in HC. Of note, these group differences were not related 

to connectivity differences during the semantic control condition, suggesting that the 

group differences were specific for self- and close other-reflection.  
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be explained by activation differences in these two areas (Zhang et al., 2015). 
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Rodríguez et al., 2014; Phillips and Swartz, 2014). The caudate has been associated 

with multiple functions, especially action-related processing, including motor planning 

and execution (Gerardin et al., 2004), and reward processing (Delgado et al., 2000; 

Delgado et al., 2004; Farr et al., 2012). Although the caudate is not generally 

regarded as a self-reflection area, it was activated during self-reflection (Table S1), 

corroborating previous studies that identified caudate activation during self-reflection 

and in relation to self-relevance (Denny et al., 2012; Grigg and Grady, 2010; Moran 

et al., 2006). Notably, Enzi et al. (2009) have reported activation of the head of the 

caudate during both reward and self-reflective processing. These authors therefore 

suggested that the head of the caudate might be involved in linking reward to self-

relevance. This is also suggested by the close connections between the head of the 

caudate and self-reflection areas (e.g. the ACC and medial prefrontal cortex) 

(Postuma and Dagher, 2006). In line with this suggestion, activation in the head of 

the caudate has been seen during imagining future (especially positive) self-related 

events (D'Argembeau et al., 2008). Shany-Ur et al. (2014) have found increased 

involvement of the head of the caudate during overestimation of self-functioning, 

which may be associated with the attribution of more rewarding information to 

oneself. Taken together, these studies show that the head of the caudate is important 

for reward-related and self-reflective processing.  

 

 

 The ACC, VMPFC and insula have been shown to be important nodes in the 

cortical midline structures (CMS) network during self-reflection. Previous models and 

meta-analysis of self-reflection have suggested functionally distinctive parts of the 

CMS, in which the ACC and VMPFC (ventral CMS) are assumed to be involved in 

directing attention and labeling external stimuli as self-relevant, respectively (Northoff 

and Bermpohl, 2004; Northoff et al., 2006; van der Meer et al., 2010). Moreover, 

activation in the insula has been observed during physical self-reflection (e.g., self-

face) (Hu et al., 2016), and also psychological self-reflection (e.g., reflection on traits) 

(Modinos et al., 2009; van der Meer et al., 2010). Our seed-region in the insula was 

located anterior and the anterior insula has been involved in self-awareness, 

representing an integrated sentient self (Craig, 2009). In addition, specifically the 

ventral part of the anterior insula has been found to be associated with social-

emotional functions (e.g., recall of one’s emotions, feeling other’s emotional feelings) 

(Kurth et al., 2010). Taken together, it might be suggested that the ventral-anterior 

insula is involved in emotional awareness during reflective processing. Notably, all 

the three seed-regions appear to be activated during self-reflection in the emotional 

domains (Northoff et al., 2006), and also during reward related processing (De Greck 

et al., 2008; Rogers et al., 2004; Tanaka et al., 2004). Given that self-reflection might 

be emotional and rewarding, and in line with the finding that healthy individuals often 

show a positive self-serving bias (more positive and less negative self-attributions 

(Mezulis et al., 2004), our finding of reduced functional connectivity with the head of 

the caudate during self-reflection in BD patients may imply that BD patients have less 

capacity to self-reflect and have difficulties in experiencing reward during reflecting 

on themselves. Indeed, evidence on the behavioral level has shown less positive 

self-serving bias (less positive and more negative self-attributions) in BD patients 

(Zhang et al., 2015). Furthermore, considering the mainly stable BD sample in the 

current study, we speculate that such a functional connectivity pattern during self-

reflection in BD with a history of psychosis might represent a vulnerability factor for 

future presence of psychotic symptoms and/or emotional episodes (e.g., depression 

and mania).   

 Moreover, in addition to our observed alterations in functional connectivity in 

grey matter, we also found reduced functional connectivity between these CMS 

nodes (i.e., ACC, VMPFC, and insula) and the corpus callosum in BD patients. There 

have been studies showing involvement of the corpus callosum during task activation 
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(Mazerolle et al., 2008; Mazerolle et al., 2010), suggesting a role of the corpus 

callosum in connecting brain areas activated during tasks (Mazerolle et al., 2010). It 

might be speculated that the disturbed functional connectivity with the corpus 

callosum in BD patients indicates less efficient connections between hemispheres for 

areas involved during self-reflection, which might contribute to self-reflection 

disturbances, requiring further research. 

 

Group difference during close other-reflection in SZ patients 

 SZ patients showed disturbed ventral-anterior insula-precuneus/PCC 

connectivity during close other-reflection, which could not be explained by any group 

differences in activation during close other-reflection in these areas (Zhang et al., 

2015). Although structural abnormalities have been observed in these brain regions 

in SZ patients (Salgado-Pineda et al., 2011; Shepherd et al., 2012), there is a lack of 

exploration on the function of this ventral-anterior insula-precuneus/PCC connectivity. 

The precuneus/PCC is important for reflective processing by its role in retrieving past 

autobiographical memory, and to use this information to evaluate current stimuli 

(Northoff and Bermpohl, 2004; van der Meer et al., 2010). This consultation of the 

precuneus/PCC has been suggested to be of importance not only for self-reflection, 

but also for reflection on close others (van der Meer et al., 2010). Interaction between 

the insula and precuneus/PCC has been proposed in a model of self-evaluation (van 

der Meer et al., 2010). Given the respective roles of the ventral-anterior insula 

(emotional awareness) and precuneus/PCC (autobiographical memory processing), 

we propose that the reduced ventral-anterior insula-precuneus/PCC functional 

connectivity during close other-reflection in SZ patients may correspond to a 

disturbance in integrating autobiographical memory and emotional awareness in 

relation to close others. Such a disturbance may hamper social interaction, a 

commonly observed problem in SZ patients (Penn et al., 2008). Clearly, more 

research into connectivity alterations of these regions is needed, e.g., in relationship 

to clinical symptoms of SZ such as apathy.  

 

Group difference between BD and SZ patients 

 First, the comparable functional connectivity during self- and close other-

reflection between BD patients with past psychotic symptoms and SZ patients might 

suggest that there are some shared functional connectivity mechanisms underlying 

 

 

psychotic symptoms irrespective of disorder. On the other hand, in comparison to 

HC, disturbed functional connectivity during self-reflection was only observed in BD 

patients, and visual inspection (Figure 1) demonstrated that the difference of 

functional connectivity between self-reflection and semantic control was intermediate 

in SZ patients between BD patients and HC. Similarly, disturbance in functional 

connectivity during close other-reflection was only seen in SZ patients, with the 

difference between close other-reflection and semantic control of BD patients being 

in between SZ patients and HC. However, these differences were not sufficiently 

large enough to reach statistical significance given the power of the present study. 

Nevertheless, our selection of patients may have influenced these results. The BD 

patients had life-time psychotic symptoms, representing a sub-group of the BD 

population with more illness severity; whereas the SZ patients included in this study 

had preserved illness insight to match with BD patients, and thus might represent SZ 

patients with a relatively mild clinical presentation. SZ patients have demonstrated 

more severe disturbances in cognitive functioning compared to BD patients 

(Krabbendam et al., 2005). This implicates that the selection bias might have blurred 

the differences between BD and SZ patients. It would be interesting to elucidate the 

generalizability of the present results further by investigating psychotic disorders with 

more variable level of illness severity.  

  

Limitations 

Some limitations must be mentioned. First, most patients were taking 

psychotropic medication, which varied across patients, leading to potential 

confounding effects by medication. Nevertheless, this medication is aimed to achieve 

euthymia (Hafeman et al., 2012; Phillips et al., 2008a), which most likely reduces 

rather than exaggerates differences between patients and HC. Second, BD patients 

were older than HC. Although we statistically controlled for this by adding age as 

covariate of no interest, future studies might recruit more age-matched and drug-free 

or even drug-naïve participants. Third, due to small samples of BD and SZ patients 

who were mainly stable, we could not test the association of the observed functional 

connectivity patterns with clinical variables (i.e., bipolar type, emotional 

symptomatology, psychotic symptoms and level of illness insight) in patients. Future 

investigation on these factors would be interesting to contribute to the understanding 

of BD and SZ.  
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the insula and precuneus/PCC has been proposed in a model of self-evaluation (van 

der Meer et al., 2010). Given the respective roles of the ventral-anterior insula 

(emotional awareness) and precuneus/PCC (autobiographical memory processing), 

we propose that the reduced ventral-anterior insula-precuneus/PCC functional 

connectivity during close other-reflection in SZ patients may correspond to a 

disturbance in integrating autobiographical memory and emotional awareness in 

relation to close others. Such a disturbance may hamper social interaction, a 

commonly observed problem in SZ patients (Penn et al., 2008). Clearly, more 

research into connectivity alterations of these regions is needed, e.g., in relationship 

to clinical symptoms of SZ such as apathy.  

 

Group difference between BD and SZ patients 

 First, the comparable functional connectivity during self- and close other-

reflection between BD patients with past psychotic symptoms and SZ patients might 

suggest that there are some shared functional connectivity mechanisms underlying 

 

 

psychotic symptoms irrespective of disorder. On the other hand, in comparison to 

HC, disturbed functional connectivity during self-reflection was only observed in BD 

patients, and visual inspection (Figure 1) demonstrated that the difference of 

functional connectivity between self-reflection and semantic control was intermediate 

in SZ patients between BD patients and HC. Similarly, disturbance in functional 

connectivity during close other-reflection was only seen in SZ patients, with the 

difference between close other-reflection and semantic control of BD patients being 

in between SZ patients and HC. However, these differences were not sufficiently 

large enough to reach statistical significance given the power of the present study. 

Nevertheless, our selection of patients may have influenced these results. The BD 

patients had life-time psychotic symptoms, representing a sub-group of the BD 

population with more illness severity; whereas the SZ patients included in this study 

had preserved illness insight to match with BD patients, and thus might represent SZ 

patients with a relatively mild clinical presentation. SZ patients have demonstrated 

more severe disturbances in cognitive functioning compared to BD patients 

(Krabbendam et al., 2005). This implicates that the selection bias might have blurred 

the differences between BD and SZ patients. It would be interesting to elucidate the 

generalizability of the present results further by investigating psychotic disorders with 

more variable level of illness severity.  

  

Limitations 

Some limitations must be mentioned. First, most patients were taking 

psychotropic medication, which varied across patients, leading to potential 

confounding effects by medication. Nevertheless, this medication is aimed to achieve 

euthymia (Hafeman et al., 2012; Phillips et al., 2008a), which most likely reduces 

rather than exaggerates differences between patients and HC. Second, BD patients 

were older than HC. Although we statistically controlled for this by adding age as 

covariate of no interest, future studies might recruit more age-matched and drug-free 

or even drug-naïve participants. Third, due to small samples of BD and SZ patients 

who were mainly stable, we could not test the association of the observed functional 

connectivity patterns with clinical variables (i.e., bipolar type, emotional 

symptomatology, psychotic symptoms and level of illness insight) in patients. Future 

investigation on these factors would be interesting to contribute to the understanding 

of BD and SZ.  
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Conclusions  
To conclude, BD patients showed decreased connectivity between regions of 

the CMS network (i.e., ACC, insula and VMPFC) and the head of the caudate during 

self-reflection, which may imply a reduced influence of motivational processing on 

self-reflection. SZ patients, however, demonstrated reduced ventral-anterior insula-

precuneus/PCC connectivity during close other-reflection, which might be associated 

with difficulties in the integration of emotional awareness and autobiographical 

information. Future investigation should link these disturbed functional connectivities 

to emotional and psychotic symptomatology in BD and SZ.  
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Supplementary information 
 

Table S1 Peak activations for the main task effects during the self-reflection task  

 Region L/R BA voxels T-

value 

MNI 

coordinates 

      x y z 

self>semantic 

 DMPFC/VMPFC 

/ACC 

 9/10 

/32 

7511 14.43 

10.98 

10.89 

0 

-18 

-6 

60 

58 

50 

14 

30 

2 

 Precuneus/PCC  7/31 7474 13.34 

13.10 

9.13 

-2 

-8 

0 

-46 

-62 

-18 

28 

32 

36 

 Angular gyrus/SMG L 39/40 1208 8.70 

8.55 

-52 

-46 

-66 

-58 

38 

26 

 SMG/angular gyrus R 39/40 378 6.36 54 -64 34 

 Cerebellum R  155 7.54 28 -82 -34 

 IFG/insula L 13/45 

 

522 7.43 

6.26 

-34 

-46 

18 

22 

-14 

2 

 Postcentral gyrus 

/SMG 

R 2/40 1217 7.37 

6.93 

6.43 

56 

38 

56 

-22 

-40 

-26 

40 

42 

50 

 MTG L 21 193 7.12 

6.65 

-48 

-52 

2 

-18 

-26 

-12 

 MTG R  34 5.45 56 -14 -14 

 MTG R 21 61 6.75 52 6 -30 

 MFG L 9 236 6.89 -42 22 44 

 MFG R 6 28 5.12 30 8 50 

 Caudate L  37 5.77 -2 8 -6 
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Table S1 Continued 

 Region L/R BA voxels T-

value 

MNI 

coordinates 

      x y z 

 Caudate L  23 5.26 -12 16 6 

 Caudate L  24 4.95 -14 -2 16 

 Brain stem   18 5.44 0 -18 -12 

 Cerebellum R  40 5.34 14 -54 -26 

other>semantic 

 Precuneus/PCC  7/31 7292 17.35 

8.24 

0 

0 

-50 

-20 

30 

32 

 DMPFC/VMPFC/ACC  9/10 

/32 

7346 16.15 

13.08 

11.89 

0 

-14 

0 

60 

60 

64 

16 

30 

-2 

 Angular gyrus/SMG L 39/40 1592 11.91 

11.36 

-46 

-50 

-58 

-64 

26 

36 

 Angular gyrus/SMG R  1199 9.79 48 -58 28 

 IFG/MTG/STG/insula L 13/21 

/22/47 

1488 10.80 

9.62 

9.47 

-48 

-56 

-28 

2 

-16 

16 

-26 

-10 

-14 

 MTG R 21 538 9.72 

9.04 

50 

60 

8 

-6 

-30 

-18 

 Cerebellum R  78 7.52 28 -82 -34 

 Subgenual cingulate 

cortex 

 25 41 6.15 0 8 -6 

Abbreviations: ACC=anterior cingulate cortex; DMPFC=dorsomedial prefrontal cortex; IFG=inferior 

frontal gyrus; MFG=middle frontal gyrus; MTG=middle temporal gyrus; PCC=posterior cingulate 

cortex; SMG=supramarginal gyrus; STG=superior temporal gyrus; VMPFC=ventromedial prefrontal 

cortex. 

 

 

 

 
  Table S2 gPPI results for patients with bipolar disorder 

Seed Brain region BA voxel

s 

Z score MNI 

coordinates 

     x y z 

self > semantic 

ACC_dec Thalamus 

/caudate 

 825 4.25 

4.17 

3.93 

-2 

4 

8 

-12 

8 

14 

16 

4 

10 

Insula_dec Thalamus  321 4.04 

3.63 

3.61 

8 

-24 

-16 

-14 

-12 

-14 

16 

18 

18 

 Caudate  374 3.83 

3.68 

3.46 

26 

12 

8 

24 

20 

12 

2 

4 

2 

other>semantic 

Insula_dec thalamus  1174 4.99 

4.93 

4.69 

6 

0 

-6 

-22 

-8 

-10 

6 

18 

12 

 STG/MTG 22/41/42 770 4.28 

4.23 

4.09 

44 

46 

48 

-42 

-34 

-32 

-2 

-2 

8 

PCC_dec MCC 31 353 3.99 

3.60 

3.19 

10 

14 

8 

-36 

-26 

-26 

36 

38 

44 

Abbreviations: ACC=anterior cingulate cortex; dec=decreased coupling; MCC=mid-cingulate cortex; 

MTG=middle temporal gyrus; PCC=posterior cingulate cortex; STG=superior temporal gyrus. 
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Table S1 Continued 

 Region L/R BA voxels T-

value 

MNI 

coordinates 

      x y z 
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frontal gyrus; MFG=middle frontal gyrus; MTG=middle temporal gyrus; PCC=posterior cingulate 

cortex; SMG=supramarginal gyrus; STG=superior temporal gyrus; VMPFC=ventromedial prefrontal 

cortex. 
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Seed Brain region BA voxel
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Z score MNI 
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     x y z 
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/caudate 

 825 4.25 

4.17 

3.93 
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-12 
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14 
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Insula_dec Thalamus  321 4.04 
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3.61 
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 Caudate  374 3.83 
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20 
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Insula_dec thalamus  1174 4.99 
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12 
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46 
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10 
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Abbreviations: ACC=anterior cingulate cortex; dec=decreased coupling; MCC=mid-cingulate cortex; 
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Table S3 gPPI results for patients with schizophrenia  

Seed Brain region BA voxels Z score MNI 

coordinates 

     x y z 

other>semantic 

PCC_dec MCC/precuneus 7/31 1118 4.67 

4.61 

4.56 

-10 

6 

0 

-32 

-26 

-20 

42 

40 

38 

 IPL/SMG/STG 22 

/40 

365 4.07 

3.75 

3.57 

62 

62 

60 

-34 

-38 

-32 

28 

18 

38 

 Precuneus 7 414 4.02 

3.74 

3.32 

10 

-6 

-10 

-72 

-74 

-82 

40 

40 

46 

VMPFC_dec MCC 31 1294 5.01 

4.68 

4.16 

10 

10 

-8 

-40 

-24 

-22 

36 

34 

46 

 IPL/SMG 40 248 4.33 

4.10 

3.83 

-62 

-58 

-54 

-34 

-32 

-30 

26 

36 

20 

 SMG/STG/IPL 22 

/40 

/42 

691 4.15 

4.04 

3.99 

66 

66 

64 

-24 

-32 

-46 

16 

14 

22 

Abbreviations: dec=decreased coupling; IPL=inferior parietal lobule; MCC=mid-cingulate cortex; 

PCC=posterior cingulate cortex; SMG=supramarginal gyrus; STG=superior temporal gyrus; 

VMPFC=ventromedial prefrontal cortex. 

 

 

Table S4 gPPI results for group comparisons (with age and depression severity as 

covariate of no interest)   

Seed Brain region BA voxel

s 

Z score MNI 

coordinates 

     x y z 

self > semantic 

Insula_HC>BD SPL 7 674 4.84 

3.66 

3.65 

-30 

-20 

-14 

-56 

-68 

-62 

52 

56 

52 

 SPL/precuneus 7 417 3.87 

3.84 

3.69 

12 

24 

18 

-70 

-72 

-52 

60 

52 

54 

 

  

SMA 6 646 4.30 

4.29 

3.93 

20 

-10 

-2 

10 

10 

10 

52 

52 

58 

 Middle occipital gyrus  285 3.91 

3.77 

3.34 

-28 

-22 

-28 

-70 

-64 

-68 

36 

38 

24 

 Lingual gyrus 18 573 3.85 

3.71 

3.59 

4 

8 

26 

-80 

-88 

-84 

0 

-2 

-2 

Insula_HC>SZ SMA 6 691 4.15 

3.87 

3.86 

8 

-8 

-2 

8 

12 

10 

50 

48 

64 

 Precuneus/SPL 

(p=.052) 

7 220 

 

3.80 

3.39 

12 

12 

-66 

-60 

64 

56 
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Table S4 Continued  

Seed Brain region BA voxels Z score MNI 

coordinates 

     x y z 

other>semantic 

Insula_HC>SZ MFG 9 468 4.44 

3.70 

3.67 

40 

46 

50 

14 

20 

10 

50 

34 

36 

 Superior occipital gyrus 

/middle occipital gyrus 

 254 4.27 

3.51 

-24 

-24 

-76 

-72 

28 

38 

 Precuneus 7 499 4.07 

3.91 

3.45 

8 

0 

-10 

-60 

-62 

-60 

32 

34 

32 

Abbreviations: HC=healthy controls; MFG=middle frontal gyrus; SPL=superior parietal lobule; 

SMA=supplementary motor area; SZ=schizophrenia. 

140

Chapter 6 | Functional connectivity during reflective processing in BD & SZ



CHAPTER  7

General discussion

 

 

Table S4 Continued  
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 Emotional dysfunction and alterations in self-related processing are common 

in patients with bipolar disorder (BD) and schizophrenia (SZ). As introduced in the 

General Introduction (chapter 1), the present thesis aimed to shed more light on the 

underlying neural correlates of these processes in both disorders. To achieve this, in 

the first part of this thesis, we examined the neural correlates of emotion regulation 

(ER) in BD and SZ patients, in terms of temporal dynamics (chapter 2), and BD and 

controls in terms of effective connectivity (chapter 3). Moreover, as a potential 

consequence of dysfunctional ER, and also a large problem in psychiatric patients, 

especially in Major Depressive Disorder (MDD), we tried to unravel the structural 

characteristics of suicidal risk (chapter 4). In the part two of the present thesis, we 

further investigated the brain activation and functional connectivity during self-

reflection in BD and SZ patients (chapter 5-6). In this general discussion, I 

summarize the main results, followed by a brief discussion. I also address future 

perspectives and clinical implications.  

 

Summary 
 Emotional dysregulation has consistently been observed in both BD and SZ, 

and is known to affect social and occupational functioning adversely. However, BD 

and SZ show different emotional symptomatology, with BD being featured with 

cycling between different mood states (e.g., mania/hypomania and depression) and 

SZ being characterized mainly by flat affect (American Psychiatric Association, 

2013). On the other hand, both disorders may be characterized by increased levels 

of negative affect, increased use of emotion suppression and decreased use of 

reappraisal (Aleman and Kahn, 2005; Johnson et al., 2016). The investigation of the 

neural correlates of ER in BD and SZ patients may help unravel the shared and/or 

distinct neural pathophysiological mechanisms underlying their emotional 

symptomatology (part I of the present thesis). In chapter 2, we investigated the 

temporal dynamics (i.e., time course of hemodynamic responses) of the responses in 

the brain during ER (more specific: when applying cognitive reappraisal) in SZ and 

BD patients. The results showed that SZ patients were able to recruit, but not sustain 

activation in the ventrolateral prefrontal cortex (VLPFC) during reappraisal, an area 

that is assumed to be involved in detecting emotional salience information and need 

to regulate emotion, along with a lack of involvement of the dorsolateral prefrontal 

cortex (DLPFC), which is associated with implementing cognitive control to regulate 

 

 

emotion during reappraisal. In contrast, BD patients demonstrated general blunted 

responses in these prefrontal areas (i.e., VLPFC and DLPFC) during ER. These 

results suggest differential neural mechanisms underlying deficient ER in SZ and BD 

(although our behavioral data did not show differences in the outcome of the ER). In 

SZ, disturbed ER may be due to a problem of sustaining activation important for 

signaling the need for ER, whereas ER problems in BD arise from an early deficit to 

recognize emotional salience in order to call upon ER control.  

 In chapter 3, the aim was to investigate the causal relationship (effective 

connectivity) within the ER circuit (i.e., DLPFC, VLPFC and amygdala) during 

reappraisal, particularly in BD patients. By applying dynamic causal modeling (DCM) 

which tests effective connectivity between brain areas, we found that BD patients had 

different effective connectivity from the DLPFC to amygdala. Specifically, during 

reappraisal, activation in the DLPFC decreased the activation in the amygdala in 

healthy controls (HC). However, BD patients, compared to HC, showed a weaker and 

actually absence of modulatory effects of reappraisal on DLPFC-amygdala 

connectivity. These findings indicate disturbed prefrontal top-down control over 

negative emotions in BD patients.  

 Suicide is a potential catastrophic consequence of dysfunctional ER. 

Therefore, the aim of chapter 4 was to search for structural neural correlates for 

suicidal risk (i.e., SI and SA) in patients suffering from MDD. Such correlates could 

ultimately, if replicated consistently, serve as biomarkers. We found reduced grey 

matter (GM) volumes in the DLPFC extending to the VLPFC in relation to presence of 

suicidal risk (SI and SA combined), with no significant contribution from the effects of 

presence of SI or SA alone. Therefore, we propose that reduced DLPFC/VLPFC 

volumes might represent trait-like vulnerability risk for future suicide, which may be 

related to dysfunctional ER and problems with inhibition of suicidal behavior.  

  In addition to ER problems, both BD and SZ have been implied to involve 

alterations in self-processing, which may be particularly relevant to those that have 

experienced psychosis (Brookwell et al., 2013). The investigation of self-processing 

in BD and SZ might aid our understanding of the neural mechanisms underlying 

affective and non-affective psychosis. A well-validated task for investigating self-

processing is a self-reflection task in which participants have to reflect on statements 

about person characteristics and indicate whether they are applicable to themselves. 

Accordingly, the part II focused on another aim of this thesis: to investigate the neural 
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underlying neural correlates of these processes in both disorders. To achieve this, in 
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cortex (DLPFC), which is associated with implementing cognitive control to regulate 

 

 

emotion during reappraisal. In contrast, BD patients demonstrated general blunted 

responses in these prefrontal areas (i.e., VLPFC and DLPFC) during ER. These 
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(although our behavioral data did not show differences in the outcome of the ER). In 
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healthy controls (HC). However, BD patients, compared to HC, showed a weaker and 

actually absence of modulatory effects of reappraisal on DLPFC-amygdala 

connectivity. These findings indicate disturbed prefrontal top-down control over 

negative emotions in BD patients.  

 Suicide is a potential catastrophic consequence of dysfunctional ER. 

Therefore, the aim of chapter 4 was to search for structural neural correlates for 

suicidal risk (i.e., SI and SA) in patients suffering from MDD. Such correlates could 

ultimately, if replicated consistently, serve as biomarkers. We found reduced grey 

matter (GM) volumes in the DLPFC extending to the VLPFC in relation to presence of 

suicidal risk (SI and SA combined), with no significant contribution from the effects of 

presence of SI or SA alone. Therefore, we propose that reduced DLPFC/VLPFC 

volumes might represent trait-like vulnerability risk for future suicide, which may be 

related to dysfunctional ER and problems with inhibition of suicidal behavior.  

  In addition to ER problems, both BD and SZ have been implied to involve 

alterations in self-processing, which may be particularly relevant to those that have 

experienced psychosis (Brookwell et al., 2013). The investigation of self-processing 

in BD and SZ might aid our understanding of the neural mechanisms underlying 

affective and non-affective psychosis. A well-validated task for investigating self-

processing is a self-reflection task in which participants have to reflect on statements 

about person characteristics and indicate whether they are applicable to themselves. 

Accordingly, the part II focused on another aim of this thesis: to investigate the neural 
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correlates of self- and (close) other-reflection in BD and SZ. In chapter 5, we show 

that BD patients had reduced involvement of the posterior cingulate cortex (PCC) 

extending to the precuneus during other-reflection compared to HC, with no 

differences between BD and SZ patients and between SZ patients and HC. Based on 

the suggested role of the PCC/precuneus during reflective processing in 

autobiographical memory retrieval/processing and its involvement in emotional 

processing, this result might imply a disturbance in integrating emotion and memory 

information in relation to close others in BD patients. In addition, a disorder-specific 

correlation was found between this PCC/precuneus activation during other-reflection 

and cognitive insight in SZ patients only, but not in BD patients.   

 In chapter 6, we investigated the functional connectivity underlying self- and 

other-reflection in BD and SZ patients, by applying generalized psycho-physiological 

interaction (gPPI). We did so because areas involved in reflective-processing, 

including the cortical midline structures (CMS) and insula, have been suggested to 

work in a network, which we wanted to examine in more detail during the 

performance of the self/other-reflection task. Compared to HC, BD patients had 

decreased functional connectivity between the CMS nodes (anterior cingulate cortex 

[ACC], ventromedial prefrontal cortex [VMPFC] and insula) and the caudate head 

during self-reflection, which might be associated with difficulties in linking reward to 

self-reflection. However in SZ patients, decreased functional connectivity between 

the ventral-anterior insula and precuneus/ PCC during other-reflection was observed 

compared to HC, which could possibly point to a problem in integrating 

autobiographical memory and emotional awareness related to close others. These 

differential functional connectivity patterns between BD and SZ during reflective 

processing might contribute to their differences in clinical symptomatology.  

 
Emotion regulation 
Neural correlates of cognitive reappraisal  

 In the first part of this thesis, we focused on cognitive reappraisal, which is an 

adaptive ER strategy by forming new interpretations for emotional stimuli in order to 

adjust emotional intensity (Gross, 2001; Gross, 2002; Gross and John, 2003). Meta-

analyses have consistently shown involvement of the lateral and medial part of the 

prefrontal cortex (PFC) during cognitive reappraisal. In healthy individuals the DLPFC 

and VLPFC show the strongest activation during reappraisal while reduced activity is 

 

 

observed in limbic affective areas especially the amygdala (Buhle et al., 2014; 

Diekhof et al., 2011; Kalisch, 2009). Interaction between the PFC and limbic affective 

areas have been suggested to be essential for ER, in which the PFC is supposed to 

perform inhibitory top-down control over limbic affective areas (Ochsner and Gross, 

2005; Ochsner et al., 2012; Phillips et al., 2003a). Within the PFC especially the 

DLPFC has been suggested to play an important role in top-down control during 

reappraisal (Kohn et al., 2014; Phillips et al., 2008b), with an important role in 

maintaining reappraisal goals and implementing reappraisal to change emotional 

responses (Kohn et al., 2014; Ochsner and Gross, 2005; Ochsner et al., 2012; 

Wager et al., 2004). Regarding the ER role of the VLPFC, it has been suggested that 

this areas is not involved in cognitive control per se, but plays an intermediate role 

between top-down prefrontal control and bottom-up emotional processing from limbic 

affective areas, by evaluating the emotional information and signaling the need for 

ER (Kohn et al., 2014).  

   

Cognitive reappraisal in bipolar disorder  

 By investigating the temporal features of brain activation of the ER circuit in 

BD patients, we found that BD patients had generally blunted responses in the 

DLPFC, with a late but non-sustained involvement of this area during reappraisal 

(chapter 2). In addition, during reappraisal, we showed impaired cognitive control 

over emotional pictures from the DLPFC to the amygdala in BD patients compared to 

HC (chapter 3). These results suggest that BD patients have difficulties in top-down 

prefrontal control over negative emotions, although they might make regulatory 

attempts (late response in the DLPFC). The disturbed cognitive control from the 

DLPFC may be due to reduced evaluation of the emotional information denoted by a 

lack of early VLPFC involvement during reappraisal observed in BD patients 

(chapter 2), while a presumed indirect control via the VLPFC seems preserved (i.e., 

no differences from healthy individuals in the effective connectivity from the VLPFC 

to the amygdala; chapter 3). Altogether, we propose that insufficient (initiation of) 

prefrontal cognitive control over emotional responses might underlie the deficient ER 

in BD patients.   

 Notably, most of our BD patients were emotionally stable at scanning, as they 

were in a euthymic phase, which might imply that the neural disturbances during ER 

represent a trait-like vulnerability. Emotional negativity in general (e.g., negative 
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and VLPFC show the strongest activation during reappraisal while reduced activity is 

 

 

observed in limbic affective areas especially the amygdala (Buhle et al., 2014; 

Diekhof et al., 2011; Kalisch, 2009). Interaction between the PFC and limbic affective 

areas have been suggested to be essential for ER, in which the PFC is supposed to 

perform inhibitory top-down control over limbic affective areas (Ochsner and Gross, 

2005; Ochsner et al., 2012; Phillips et al., 2003a). Within the PFC especially the 

DLPFC has been suggested to play an important role in top-down control during 

reappraisal (Kohn et al., 2014; Phillips et al., 2008b), with an important role in 

maintaining reappraisal goals and implementing reappraisal to change emotional 

responses (Kohn et al., 2014; Ochsner and Gross, 2005; Ochsner et al., 2012; 

Wager et al., 2004). Regarding the ER role of the VLPFC, it has been suggested that 

this areas is not involved in cognitive control per se, but plays an intermediate role 

between top-down prefrontal control and bottom-up emotional processing from limbic 

affective areas, by evaluating the emotional information and signaling the need for 

ER (Kohn et al., 2014).  

   

Cognitive reappraisal in bipolar disorder  

 By investigating the temporal features of brain activation of the ER circuit in 

BD patients, we found that BD patients had generally blunted responses in the 

DLPFC, with a late but non-sustained involvement of this area during reappraisal 

(chapter 2). In addition, during reappraisal, we showed impaired cognitive control 

over emotional pictures from the DLPFC to the amygdala in BD patients compared to 

HC (chapter 3). These results suggest that BD patients have difficulties in top-down 

prefrontal control over negative emotions, although they might make regulatory 

attempts (late response in the DLPFC). The disturbed cognitive control from the 

DLPFC may be due to reduced evaluation of the emotional information denoted by a 

lack of early VLPFC involvement during reappraisal observed in BD patients 

(chapter 2), while a presumed indirect control via the VLPFC seems preserved (i.e., 

no differences from healthy individuals in the effective connectivity from the VLPFC 

to the amygdala; chapter 3). Altogether, we propose that insufficient (initiation of) 

prefrontal cognitive control over emotional responses might underlie the deficient ER 

in BD patients.   

 Notably, most of our BD patients were emotionally stable at scanning, as they 

were in a euthymic phase, which might imply that the neural disturbances during ER 

represent a trait-like vulnerability. Emotional negativity in general (e.g., negative 
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attitudes towards events, negative self-attributions) and emotional lability have been 

found to be robust components related to BD (Johnson et al., 2016). Therefore, it 

would be interesting for future studies to link the temporal pattern and disturbed 

DLPFC-amygdala effective connectivity in BD patients to the occurrence of their 

emotional disturbances seen in episodes of disease (e.g., depression and mania 

severity) and cycling frequencies of these episodes.  

 

Cognitive reappraisal in schizophrenia 

 Previous activation studies of reappraisal with typical general linear model 

(GLM) fMRI analysis (i.e., averaging blood-oxygen-level dependent [BOLD] 

responses over time) have demonstrated reduced activation in the VLPFC in SZ 

patients compared to HC (Morris et al., 2012; van der Meer et al., 2014). Given the 

role of the VLPFC during ER of recognizing emotional information, the reduced 

VLPFC activation in SZ patients may indicate reduced recognition of the emotional 

contents. However, SZ patients have been found to have comparable or even 

elevated subjective emotional experience compared to healthy individuals (Cohen 

and Minor, 2010; Kring et al., 1993; Kring and Moran, 2008). Our findings of temporal 

patterns of brain activation in the VLPFC during reappraisal in SZ patients appear to 

elucidate this discrepancy. Specifically, our results showed that the activation in the 

VLPFC was only present in an early phase, suggesting a failure of sustained 

activation (chapter 2). Furthermore, we did not find reliable involvement of the 

DLPFC during reappraisal using this particular task in this group of SZ patients. 

Given the respective hypothesized roles of the DLPFC (i.e., maintaining and exerting 

reappraisal) and VLPFC (i.e., recognizing emotional salience to signal regulating 

emotions) during ER, these results may indicate that SZ patients are able to 

recognize emotional information properly, but show a disturbance in sufficiently 

maintaining the emotional information in order to initiate (and hence maintain) the 

top-down frontal control (reflected by the lack of DLPFC activation). This difficulty in 

reappraisal might lead to use of more maladaptive ER strategies in SZ patients, such 

as suppression (van der Meer et al., 2009), which might be associated with flat affect 

commonly observed in SZ. We did not observe behavioral differences in ER between 

patients and HC, which indicates that the task was not too difficult for the patients.  

 

 

 

Suicidal risk 

 Dysfunctional ER would affect one’s well-being in many aspects, and one of 

the possibly severe consequences may involve experiencing psychological pain and 

hopelessness, which can trigger suicidal thoughts and behavior (Rajappa et al., 

2012). In chapter 4, we investigated the structural correlates of suicidality in patients 

with major depressive disorder (MDD), comparing MDD patients with and without 

suicidal risk. Our results showed smaller GM volumes in the DLPFC extending to the 

VLPFC in relation to presence of current SI and/or a history of SA compared to PC. 

Although the relationship between altered brain structures and changes in function 

needs more research, given that the DLPFC/VLPFC is important for cognitive control 

(Miller, 2000; Miller and Cohen, 2001), and has been involved in top-down control of 

emotion (Buhle et al., 2014), we propose that smaller DLPFC/VLPFC volumes might 

underlie emotional dysfunction in SRP. This is in line with the suggestion that 

dysfunctional ER is an important mechanism underlying suicidal behavior (Aleman 

and Denys, 2014).  

 Moreover, we found that in patients with presence of current SI only, there 

were no statistically significant associations with brain structural alterations. It should 

be noted that severity of current SI was mild in our SRP and we had insufficient 

power in our comparisons to detect small effects. SI has been suggested to precede 

SA (Jollant et al., 2011; Mann, 2003), and transition from SI to SA is proposed to be 

essential in understanding suicidal behavior. In this perspective, SI progresses from 

mild form to severe SI, and finally into SA (Klonsky et al., 2016). In this way, SA 

would occur only when severity of SI reaches sufficient level. This implies that our 

results of no observable structural alterations in relation to presence of SI might be 

due to insufficient SI severity in our SRP or lack of statistical power. Future research 

should study this relationship in more detail, including longitudinal designs. This 

might help to find potential structural biomarkers at an early phase.     

 

Self- and other-reflection  
Neural correlates of self- and other-reflection 

 The ability to judge whether certain information (e.g., traits and attitudes) 

applies to the self or not, referred to as self-reflection (van der Meer et al., 2010), is 

associated with social functioning and quality of life (Dimaggio et al., 2008; Lysaker 

et al., 2005; Mitchell et al., 2005). The cortical midline structures (CMS) and the 
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reappraisal might lead to use of more maladaptive ER strategies in SZ patients, such 

as suppression (van der Meer et al., 2009), which might be associated with flat affect 

commonly observed in SZ. We did not observe behavioral differences in ER between 

patients and HC, which indicates that the task was not too difficult for the patients.  
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the possibly severe consequences may involve experiencing psychological pain and 
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with major depressive disorder (MDD), comparing MDD patients with and without 

suicidal risk. Our results showed smaller GM volumes in the DLPFC extending to the 

VLPFC in relation to presence of current SI and/or a history of SA compared to PC. 

Although the relationship between altered brain structures and changes in function 

needs more research, given that the DLPFC/VLPFC is important for cognitive control 

(Miller, 2000; Miller and Cohen, 2001), and has been involved in top-down control of 

emotion (Buhle et al., 2014), we propose that smaller DLPFC/VLPFC volumes might 

underlie emotional dysfunction in SRP. This is in line with the suggestion that 

dysfunctional ER is an important mechanism underlying suicidal behavior (Aleman 

and Denys, 2014).  

 Moreover, we found that in patients with presence of current SI only, there 

were no statistically significant associations with brain structural alterations. It should 

be noted that severity of current SI was mild in our SRP and we had insufficient 

power in our comparisons to detect small effects. SI has been suggested to precede 

SA (Jollant et al., 2011; Mann, 2003), and transition from SI to SA is proposed to be 

essential in understanding suicidal behavior. In this perspective, SI progresses from 

mild form to severe SI, and finally into SA (Klonsky et al., 2016). In this way, SA 

would occur only when severity of SI reaches sufficient level. This implies that our 

results of no observable structural alterations in relation to presence of SI might be 

due to insufficient SI severity in our SRP or lack of statistical power. Future research 

should study this relationship in more detail, including longitudinal designs. This 

might help to find potential structural biomarkers at an early phase.     

 

Self- and other-reflection  
Neural correlates of self- and other-reflection 

 The ability to judge whether certain information (e.g., traits and attitudes) 

applies to the self or not, referred to as self-reflection (van der Meer et al., 2010), is 

associated with social functioning and quality of life (Dimaggio et al., 2008; Lysaker 

et al., 2005; Mitchell et al., 2005). The cortical midline structures (CMS) and the 
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insula have been consistently shown to be activated during self-reflection, implying a 

network of brain areas associated with self-processing (Modinos et al., 2009; Northoff 

and Bermpohl, 2004; Northoff et al., 2006; van der Meer et al., 2010). Indeed, in 

healthy individuals, functional connectivity studies have demonstrated interactions 

within the CMS/insula circuit, as well as connections between the CMS/insula and 

other brain areas (Schmitz and Johnson, 2006; van Buuren et al., 2010; van Buuren 

et al., 2012), and as such represent the underlying neural mechanisms of normal 

self-reflection.  

 

Self- and other-reflection in bipolar disorder 

 As described in chapter 5, BD patients did not show general activation 

differences compared to HC during self-reflection. However, regarding functional 

connectivity, there were reduced connectivities between the CMS/insula nodes (i.e., 

the ACC, VMPFC and insula) and the caudate head during self-reflection in BD 

patients compared to HC (chapter 6). The caudate has been considered as an area 

involved in action (Gerardin et al., 2004) and reward processing (Delgado et al., 

2000; Delgado et al., 2004), but there also is accumulating evidence for a role of the 

caudate during self-reflection (Denny et al., 2012; Grigg and Grady, 2010; Moran et 

al., 2006). Furthermore, specifically for our observed caudate cluster (i.e., caudate 

head), a direct comparison between self-reflection and reward processing in healthy 

controls also revealed activation in the caudate head in both conditions (Enzi et al., 

2009). Altogether, it might therefore be suggested that the connections between the 

CMS/insula nodes and the caudate head are associated with motivational influences 

on self-processing, which may be disturbed in BD-patients. This interpretation is in 

line with the observation that healthy individuals tend to attribute more positive than 

negative events to themselves (self-serving bias) (Mezulis et al., 2004), while BD 

patients showed smaller self-serving bias (chapter 5). Therefore, disturbed functional 

connectivity with the caudate head during self-reflection in BD patients may indicate 

that they experience less rewarding feelings during self-reflection, consistent with our 

behavioral finding of reduced self-serving bias in these patients. We should note, 

however, that this is a tentative interpretation and more research is needed to 

elucidate the precise role of this circuit in BD. 

 Besides the differences in functional connectivity during self-reflection, 

reduced activation in the PCC extending to the precuneus during other-reflection was 

 

 

demonstrated in BD patients compared to HC (chapter 5). The PCC/precuneus has 

consistently been found to be activated during autobiographical memory processing 

(Fink et al., 1996; Maddock et al., 2001; Maguire and Mummery, 1999), therefore it 

has been suggested that its role during reflective processing is to retrieve 

autobiographical memory (van der Meer et al., 2010). Thus, reduced PCC/precuneus 

activation in BD patients might indicate a disturbance in coupling retrieved 

information from autobiographical memory to the stimuli related to close others, 

which might result in inaccurate evaluations on close others. This in turn might be 

associated with difficulties in social interaction with other people, as commonly seen 

in BD patients (Samame, 2013).  

 In summary, BD patients showed neural disturbances in self- and other-

reflection compared to HC, with differences in functional connectivity during self-

reflection (chapter 6) and in brain activation during other-reflection  (chapter 5). Our 

results represent cross-sectional investigations in predominantly euthymic BD 

patients. It remains unknown whether the observed disturbances exist beforehand or 

are a consequence of previous episodes and how these disturbances develop over 

time. Therefore longitudinal approaches for BD are needed.    

 

Self- and other-reflection in schizophrenia 

 As described in chapter 5, we did not find activation differences during self- 

and other-reflection in SZ patients compared to HC. However, this result should be 

considered carefully, since previous studies have shown altered activation during 

self- and other-reflection in SZ patients (Bedford et al., 2012; Holt et al., 2011; 

Murphy et al., 2010; Pauly et al., 2013; Shad et al., 2012; van der Meer et al., 2013). 

We think this inconsistency might be due to our selection of SZ patients who had 

good insight (in order to match with BD patients on illness insight). This matching of 

SZ patients with good insight might represent a less severely ill group of SZ. In more 

severe SZ patients, lower PCC/precuneus activation during other-reflection would be 

expected, based on our finding of a positive correlation between PCC/precuneus 

activation in relation to close others and illness insight (chapter 5). Indeed, 

previously Van der Meer et al. (2013) showed reduced activation in the 

PCC/precuneus during other-reflection in SZ patients with a range of good and poor 

illness insight, compared to HC. Furthermore, we found reduced functional 

connectivity between the ventral-anterior insula and precuneus/PCC during other-
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demonstrated in BD patients compared to HC (chapter 5). The PCC/precuneus has 
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 In summary, BD patients showed neural disturbances in self- and other-
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reflection (chapter 6) and in brain activation during other-reflection  (chapter 5). Our 

results represent cross-sectional investigations in predominantly euthymic BD 

patients. It remains unknown whether the observed disturbances exist beforehand or 
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time. Therefore longitudinal approaches for BD are needed.    

 

Self- and other-reflection in schizophrenia 

 As described in chapter 5, we did not find activation differences during self- 

and other-reflection in SZ patients compared to HC. However, this result should be 

considered carefully, since previous studies have shown altered activation during 

self- and other-reflection in SZ patients (Bedford et al., 2012; Holt et al., 2011; 

Murphy et al., 2010; Pauly et al., 2013; Shad et al., 2012; van der Meer et al., 2013). 

We think this inconsistency might be due to our selection of SZ patients who had 

good insight (in order to match with BD patients on illness insight). This matching of 

SZ patients with good insight might represent a less severely ill group of SZ. In more 

severe SZ patients, lower PCC/precuneus activation during other-reflection would be 

expected, based on our finding of a positive correlation between PCC/precuneus 

activation in relation to close others and illness insight (chapter 5). Indeed, 

previously Van der Meer et al. (2013) showed reduced activation in the 

PCC/precuneus during other-reflection in SZ patients with a range of good and poor 

illness insight, compared to HC. Furthermore, we found reduced functional 

connectivity between the ventral-anterior insula and precuneus/PCC during other-

149

C
h

ap
te

r 
7

 |
 G

en
er

al
 d

is
cu

ss
io

n



 

 

reflection in SZ patients compared to HC (chapter 6). Given the roles of the 

precuneus/PCC and ventral-anterior insula during reflective-processing of 

autobiographical memory processing (van der Meer et al., 2010) and emotional 

awareness processing (Craig, 2009; Kurth et al., 2010), respectively, the reduced 

ventral-anterior insula-precuneus/PCC connectivity in SZ patients may suggest 

disturbed information consultation of autobiographical memory and emotional 

awareness in relation to close others, leading to difficulties in other-reflection.  

Altogether, in SZ patients, findings from our investigation of brain activation 

and functional connectivity suggest difficulties when reflecting on close others. This 

may result in problems with interacting with others, which might be associated with 

deficient social cognition, commonly observed in these patients (Penn et al., 2008). A 

more direct investigation with social functioning is needed, though, before strong 

conclusions are warranted. 

 

Comparison between bipolar disorder and schizophrenia 
 The relationship between BD and SZ gains much attention and remains 

controversial. On the one hand, multifaceted evidence has shown many similarities 

between BD and SZ, including shared genetic vulnerability (International 

Schizophrenia Consortium et al., 2009; Lichtenstein et al., 2009), clinical 

symptomatology (e.g., psychotic symptoms) (American Psychiatric Association, 

2013), psychological dysfunctions (e.g., difficulties in emotion regulation, cognitive 

functioning and social cognition) (Rowland et al., 2013a; Schretlen et al., 2007) and 

brain structure (Arnone et al., 2009). On the other hand, neural correlates (including 

brain activation and connectivity) have been shown to be different between these two 

disorders during multiple cognitive processes (e.g., executive function, language, and 

memory) (Whalley et al., 2012), and classification of multivariate patterns of GM 

anatomical differences (Schnack et al., 2014). Together with differences in clinical 

presentation, this corroborates the long-existing division between BD and SZ, which 

persists also in the most recent diagnostic and statistical manual (DSM-5). These 

results suggest both similarities and differences between BD and SZ. From a 

neuroscience perspective, a hypothesis has been proposed by Frangou (2014) that 

BD and SZ have shared disturbances in more superordinate processes/networks, 

while these two psychiatric disorders show differences on a macroscale level (e.g., 

different impairments in local area/subnetwork). In line with this suggestion, the 

 

 

present thesis showed impaired ER and reflective-processing both in BD and SZ, 

while differential neural profiles were present within the corresponding circuits 

between BD and SZ (chapter 2, 3, 5, 6). Of note, both BD and SZ are heritable 

psychiatric disorders. Future research should further investigate the neural profiles of 

ER and reflective-processing in individuals at high risk for developing BD or SZ (e.g., 

first-level family members). This may provide more informative knowledge on the 

etiology of BD and SZ. Previous studies compared individuals with high risk for BD or 

SZ to patients with the same disorder. Adding to that, comparison between 

individuals at high risk for BD and individuals at high risk for SZ might provide more 

insights into similarities and putative differences.     

 
Methodological considerations and future perspectives 
Sample characteristics 

 In the present thesis, we compared BD patients to SZ patients on the neural 

correlates during ER and self-related processing (chapter 2, 3, 5, 6). Because self-

other distinctions may be of particular relevance for patients with a vulnerability to 

psychosis, we only included BD patients with a history of psychotic symptoms and 

matched the BD and SZ patients on illness insight to exclude alternative explanations 

for any group differences. However, this also induced potential limitations. First, 

because BD patients have preserved illness insight in general (Cassidy, 2010), the 

recruited SZ patients in this thesis were selected to have good levels of illness insight 

too, which might represent a less severe sub-group of the SZ population. Second, 

the BD patients might represent a more severe subgroup, due to the requisite of 

presence of psychotic symptoms somewhere in the past. By selecting these 

subgroups of patients, we are able to discuss the differences and similarities 

between these groups of SZ and BD patients, but we cannot easily generalize to the 

patients suffering from the full syndromes of SZ and BD. Although limited, there are 

indeed studies showing more severe impairments in cognitive functioning 

(Krabbendam et al., 2005) and emotional processing (Addington and Addington, 

1998) in SZ patients than BD patients. Therefore, true differences between patients 

with BD and SZ in general might be underestimated. Furthermore, it is of importance 

to realize that our BD and SZ patients were predominantly stable at scanning, with 

only mild depressive and psychotic symptoms. This could help us to understand 

mechanisms underlying ER and reflective processing independent of influences from 
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acute emotional states and psychosis, which might pave the way to find trait-like 

biomarkers. However, this selection precludes definite conclusions about 

exaggeration or other differences between SZ and BD during episodes of their illness 

or differences induced by the different states of illness. Future studies may include 

patients during different mood states (e.g., depression, mania and euthymia), and 

with or without presence of acute psychosis into one study, which would be helpful in 

understanding the association between the neural correlates and illness course of 

BD and SZ and the state-trait differences. Although this type of research is very 

difficult to conduct in practice (e.g., it is very difficult for manic patients to lie still for a 

prolonged time in the MRI scanner), such investigation may be worth to attempt. 

 In addition, we had modest sample sizes of BD and SZ patients (chapter 2, 3, 
5, 6). Although it has been suggested on statistical grounds that a sample size of 

approximately 16-20 may have sufficient power for typical effect sizes in 

neuroimaging studies (Landis and Koch, 1977; Thirion et al., 2007), replication in 

larger samples is necessary to permit generalization. 

 Finally, it should be noted that the present thesis was based on existing 

datasets. Specifically, the samples in chapter 4 were sub-samples from the 

Netherlands Study of Depression and Anxiety (NESDA, neuroimaging study) (van Tol 

et al., 2010), and participants in chapter 2, 3, 5, 6 were from the Study of Emotion, 

Self-insight and Self-evaluation (EMOZIE). Of note, the SZ sample in these studies 

was a sub-sample of the total sample included in the EMOZIE-study (see for total SZ 

sample, van der Meer et al., 2013), because these patients were matched on illness 

insight with the BD sample. Selecting these subsamples might increase the chance 

for type-II errors (false negative findings), because a reduction in number of 

participants reduces power to measure true differences. Therefore, future studies in 

larger samples are needed to replicate our findings.  

 

Emotion regulation task 

 In chapter 2-3, an ER task was used to investigate neural correlates 

underlying cognitive reappraisal in BD and SZ patients. This task was adapted from 

the study of Ochsner et al. (2002), and we replicated prefrontal activation in areas 

consistently observed in previous meta-analysis studies on reappraisal (Buhle et al., 

2014; Diekhof et al., 2011; Kalisch, 2009), supporting the validity of our ER task. 

However, we did not find decreased amygdala response during reappraisal, though 

 

 

we indeed observed amygdala involvement during an earlier phase of viewing 

negative pictures (compared to viewing neutral pictures). This might be associated 

with our late cueing paradigm in which stimulus pictures were presented before 

regulation instructions were given. With this design of the task, direct automatic 

regulation might start immediately after the presentation of the stimulus, thus 

reducing the chance of finding differences associated with voluntary emotion 

regulation. On the other hand, this late cueing paradigm resembles situations in real 

life, where participants may already try to reappraise before voluntary regulation cues 

are presented or thought of, or the amygdala response gets habituated quickly since 

presentation of emotional stimuli (Ochsner et al., 2012). In future studies, it would be 

interesting to compare an early cueing paradigm (i.e., regulation instructions are 

presented before stimulus presentation) to a late cueing paradigm as we applied 

now, to test the generalizability of our ER results.  

 

Clinical implications 
 Understanding the neural correlates of ER in BD and SZ could provide insight 

in the mechanisms underlying the emotional symptomatology in these two disorders. 

Our fundamental research may aid in the development of future treatments targeting 

the emotional symptoms in BD and SZ. In our studies, BD patients showed disturbed 

prefrontal control over negative emotions during cognitive reappraisal. A recent study 

involving an extensive battery of emotion-related assessments reported that the use 

of an adaptive ER strategy (i.e., cognitive reappraisal) predicted lower levels of 

depression in a 12-month follow up in BD patients (Johnson et al., 2016). This might 

indicate that training of adequate reappraisal would be a meaningful intervention. 

However whether such training will also result in improvement of the aberrant 

findings as shown in this thesis remains to be shown in association with long-term 

outcomes. Moreover, the suggestion based on our results that a main difficulty for BD 

patients was to initiate reappraisal stemming from failed recognition of emotional 

salience, might indicate that focusing on emotion recognition during reappraisal 

training may be specifically more helpful for BD patients. Regarding reappraisal 

training in SZ patients, clinicians/psychotherapists may pay attention to the ability to 

sustain regulation, since we found that SZ patients could recognize emotional 

salience, but have difficulty in maintaining the information online sufficiently. 

Eventually, neurofeedback training, a method to provide participants real-time 
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feedback of brain activity in order to help control brain activity, might be an option 

(Sulzer et al., 2013). 

 Regarding self-other reflection, we proposed that BD may link less reward to 

the self during reflection on the self, in line with the behavioral observation that they 

had more negative than positive self-attributions. Cognitive behavior therapy (CBT) 

has been shown to improve positive self-evaluations (Goldin et al., 2013), and has 

been applied in BD, showing beneficial effects in medication adherence, reducing 

depression and preventing relapse (Deckersbach et al., 2016), however 

improvements in the ability to appreciate oneself during self-reflection needs further 

investigation. Therefore, CBT may be recommended for BD patients, especially in 

terms of increasing positive self-views, which might be more informative regarding 

long-term outcomes and should therefore be evaluated in addition to clinical 

outcomes. Furthermore, we found that both BD and SZ patients are disturbed in 

consulting/retrieving autobiographical memory when reflecting on close others. It 

remains to be demonstrated that an improvement in cognitive functioning, especially 

the memory component, might be advantageous regarding social functioning.  

 Some other potential clinical implications should also be mentioned. First, 

although whether BD and SZ are two separate disorders or not is still under 

discussion, the application of tailored interventions is encouraged, both between 

psychiatric disorders and as personalized approaches within each disorder. Based 

on the observed distinct neural mechanisms underlying ER and reflective processing 

between BD and SZ, when replicated, it would be interesting to develop tasks that 

could identify these distinctions in order to differentiate difficult diagnostic cases as 

belonging to a diagnostic group, but also to use these tests to guide the use of 

specifically aimed interventions. Second, it should be noted that although BD and SZ 

showed disturbed activation/connectivity during ER and reflective processing in some 

brain areas compared to HC, there were also brain areas that are previously 

associated with ER and reflective processing, but did not show impairments in 

activation/connectivity compared to HC. This indicates partly preserved functioning of 

ER and reflective processing in these patients, which might contribute to functional 

compensation for the disturbed brain areas/pathways. In this perspective, in addition 

to targeting impairments with interventions to improve functioning, an interesting 

approach might also be how to make use of the intact parts, which remains open for 

future research as well.   

 

 

 

Concluding remarks  
 In this thesis, we provide a framework of ER and self- and other-reflection in 

BD and SZ. In part I, we observed that BD and SZ patients show differential temporal 

dynamics during cognitive reappraisal, with BD being disturbed in initiating 

reappraisal, while SZ patients showed normal early recruitment, but failed to sustain 

activation in areas important for emotional evaluation and signaling of the need to 

regulate. In patients with BD, we observed weaker prefrontal top-down control during 

regulating negative emotions. Consistent with the notion that suicidal risk (quantified 

by previous suicide attempts and current suicidal ideation) may be due to disordered 

emotion regulation, we observed that it was associated with structural brain 

alterations in parts of the ER circuit (e.g., DLPFC/VLPFC). This might provide insight 

in the search for potential structural biomarkers, which may ultimately contribute to 

suicide prevention. In part II, we found different correlates underlying self-evaluation 

in patients with BD versus SZ. Specifically, our results suggested reduced influence 

of motivational systems on self-reflection in BD patients. Based on the neural 

patterns we propose that both BD and SZ patients may have difficulties recruiting 

autographical memory (and emotional awareness for SZ patients) during reflecting 

on close others. Understanding these differences between BD and SZ patients might 

help to eventually develop better diagnostic procedures and more personalized 

treatments for BD and SZ.  
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Samenvatting 
 
Wat onderzochten wij en met wie? 
Onderzoeksvragen en de onderzochte psychiatrische stoornissen  

 In dit proefschrift hebben we ons voornamelijk gericht op twee thema’s: emotie 

regulatie en zelfreflectie. Emotie regulatie wordt gedefinieerd als het proces waarbij 

strategieën worden gebruikt om de emotionele beleving te veranderen. Door middel 

van emotie regulatie kunnen de meeste mensen (enigszins) omgaan met de veel 

voorkomende emotionele gebeurtenissen in ons dagelijks leven Problemen met 

emotie regulatie worden regelmatig gesignaleerd in veel psychiatrisch stoornissen, 

waaronder bipolaire stoornis en schizofrenie. Daarom is het voorgesteld dat 

problemen in emotie regulatie ten grondslag liggen aan de emotionele symptomen bij 

patiënten met bipolaire stoornis en schizofrenie (namelijk bij bipolaire stoornis, 

veranderingen in affect tijdens manische/hypomanische en depressieve perioden, 

afgewisseld met stabiele perioden; bij schizofrenie, vervlakt affect) (American 

Psychiatric Association, 2013). Emotie regulatie in deze stoornissen kan daarom een 

negatieve invloed hebben op sociaal en beroepsmatig functioneren. Bovendien kan 

verstoorde emotie regulatie bij emotioneel aangrijpende gebeurtenissen ernstige 

gevolgen hebben zoals het plegen van zelfmoord, wat vooral voorkomt bij patiënten 

met een depressie stoornis.  

Zelfreflectie is het cognitieve proces om te bepalen of bepaalde informatie, 

bijvoorbeeld karaktertrekken en gedragingen, gerelateerd is aan de persoon zelf of 

niet (van der Meer et al., 2010). Dit reflectief vermogen is belangrijk voor het sociaal 

functioneren en kwaliteit van leven (Dimaggio et al., 2008; Lysaker et al., 2005), en 

problemen in zelfreflectie is een veel voorkomend probleem bij patiënten met 

bipolaire stoornis (Ghaznavi and Deckersbach, 2012; Lyon et al., 1999) en 

schizofrenie (Holt et al., 2011; Murphy et al., 2010; van der Meer et al., 2013). 

 De onderzoeksvragen in dit proefschrift waren daarom: 1.) Wat is de 

onderliggende en verschillende neurale basis van emotie regulatie in bipolaire 

stoornis en schizofrenie?; 2.) Als een mogelijk ernstig gevolg van verstoorde emotie 

regulatie; Zijn er verschillen in hersenstructuren in mensen met een risico op 

suïcide?; 3.) Wat zijn de neurale mechanismen onderliggend aan verstoorde 

zelfreflectie in bipolaire stoornis en schizofrenie?  
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Waarom bipolaire stoornis versus schizofrenie? 

Op klinisch en wetenschappelijk niveau is er een interessante discussie over 

de relatie tussen bipolaire stoornis en schizofrenie: zijn dit stoornissen die op een 

zelfde continuüm zitten maar verschillen in ernst of zijn het twee compleet 

verschillende stoornissen (Craddock and Owen, 2005)? Enerzijds zijn er tussen 

bipolaire stoornis en schizofrenie veel overeenkomsten, zoals dezelfde genen die 

voor een risico zorgen, psychotische en emotionele symptomen, verminderd cognitief 

en sociaal functioneren, en structurele veranderingen in de hersenen; terwijl 

anderzijds ze ook verschillen laten zien in klinische presentatie, cognitieve en 

neurobiologische aspecten (American Psychiatric Association, 1994; Arnone et al., 

2009; International Schizophrenia Consortium et al., 2009; Krabbendam et al., 2005; 

Lichtenstein et al., 2009; Rowland et al., 2013a; Schnack et al., 2014; Schretlen et 

al., 2007). Wij hebben daarom in onze studies deze interessante vergelijking tussen 

patiënten met een bipolaire stoornis met een geschiedenis van psychose en 

patiënten met schizofrenie onderzocht op het gebied van emotie regulatie en 

zelfreflectie. Deze studies zijn belangrijk, omdat ze kunnen bijdragen aan het 

begrijpen van de rol van emotie regulatie en zelfreflectie in de gedeelde en unieke 

symptomen van bipolaire stoornis en schizofrenie, wat zou kunnen bijdragen aan 

mogelijke prognostische neurale kenmerken van deze twee psychiatrische 

stoornissen.   

.  

Hoe hebben we de neurale correlaten onderzocht? 
 In ons onderzoek hebben we ons voornamelijk gericht op de neurale 

correlaten (i.e. reacties van de hersenen op externe of interne stimuli) tijdens het 

uitvoeren van een taak, gemeten met functionele Magnetische Resonantie 

Beeldvorming (Magnetic Resonance Imaging [fMRI]). Als neuronen in de hersenen 

worden geactiveerd door interne of externe prikkels neemt de hoeveelheid 

zuurstofrijk bloed naar bepaalde hersengebieden toe. Interessant hierbij is dat de 

hoeveelheid zuurstofrijk bloed die naar bepaalde hersengebieden stroomt meer 

zuurstof bevat dan door de geactiveerde neuronen wordt gebruikt. fMRI maakt 

gebruik van dit verschil in de hoeveelheid zuurstofrijk bloed en dit zuurstof-

afhankelijke signaal (“Blood-Oxygen-Level_Dependent” [BOLD-] signaal) wordt 

beschouwd als een indicatie van hersenactiviteit (zie Figuur 1). 

 

 

 Om met fMRI een bepaald proces te meten waar je in geïnteresseerd bent, 

zijn er minstens twee condities nodig: één experimentele conditie, welke het proces 

van interesse bevat; en één controle condities, welke niet het proces van interesse 

bevat. Idealiter is de experimentele conditie op alle aspecten vergelijkbaar aan de 

controle conditie, behalve het proces van interesse. Wanneer de activatie tijdens de 

controle conditie wordt afgetrokken van de activatie tijdens de experimentele 

conditie, houden we de hersenactivatie over betrokken bij het proces waar we 

geïnteresseerd in zijn. Als we dus spreken over hersenactivatie bedoelen we 

eigenlijk het verschil in activatie tussen bepaalde condities.  

 
Figuur 1Illustratie van een blood-oxygen-dependent (BOLD) signaal. 

 

Hoe onderzochten we onze onderzoeksvragen en wat hebben we gevonden? 
Onderzoeksvraag1: Wat zijn de onderliggende (verschillende) neurale correlaten van 

emotie regulatie in bipolaire stoornis en schizofrenie? (Hoofdstuk 2 en 3)  

Methoden. Om emotie regulatie te onderzoeken werden de onderzoek deelnemers 

(patiënten met bipolaire stoornis, patiënten met schizofrenie en gezonde vrijwilligers) 

gevraagd een emotie regulatie taak uit te voeren (Figuur 2): kijk eerst naar een 

emotionele gebeurtenis, en begin daarna de emotionele reactie te reguleren of –als 

controle conditie- blijf gewoon kijken, afhankelijk van de gegeven instructie. Tijdens 

deze regulatie fase werd de deelnemer gevraagd de gebeurtenis te herwaarderen 

(dat wil zeggen de getoonde beelden herinterpreteren zodat de ervaren emotie wordt 

aangepast; bijvoorbeeld, een plaatje van een stervende baby kan worden 

geherinterpreteerd door te denken dat de baby snel een operatie krijgt en beter gaat 

worden), of gewoon aandachtig naar de getoonde beelden te blijven kijken (dat wil 
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zeggen kijken naar het beeld zonder de emoties die worden opgewekt te wijzigen; 

controle conditie). Op deze manier werd er van uitgegaan dat de condities 

herinterpreteren en aandacht geven gelijk waren aan elkaar, behalve dat de eerste 

conditie herinterpretatie (herwaardering) bevat. Daarom, door de neurale 

mechanismen van de aandacht conditie af te trekken van de herwaardering conditie 

(herwaardering negatief plaatje >aandachtig kijken naar negatief plaatje), houden we 

alleen de neurale mechanismen over specifiek voor herwaarderen van negatieve 

plaatjes en we zien bijvoorbeeld niet de activiteit betrokken bij visuele of emotionele 

verwerking (waar we niet in geïnteresseerd waren). 

 
Figuur 2 Illustratie van de taak emotie te reguleren. 

 

Wat vonden we?  Tijdens herwaardering toonden patiënten met bipolaire stoornis en 

schizofrenie verschillen in verstoorde hersenactiviteit. Patiënten met schizofrenie 

waren in staat om de ventrolateral prefrontale cortex (VLPFC) te activeren, maar niet 

om deze activiteit aan te houden en er was geen betrokkenheid van de dorsolaterale 

prefrontale cortex (DLPFC). Patiënten met bipolaire stoornis lieten echter in de 

prefrontale gebieden (d.i. VLPFC en DLPFC) afgestompte reacties zien met een late 

maar niet volgehouden betrokkenheid van de DLPFC tijdens herwaardering. 

 Bovendien zorgde de activiteit in de DLPFC tijdens herwaardering voor een 

vermindering van activiteit van de amygdala in gezonde personen; terwijl in patiënten 

met bipolaire stoornis de activiteit in de DLPFC veel minder invloed had op de 

activiteit van de amygdala. Daarom concludeerden wij dat door deze verminderde 

effectieve connectiviteit de emotieregulatie door de DLPFC in patiënten met een 

bipolaire stoornis was verminderd.  

  

Wat houden deze resultaten in? In de literatuur wordt gesuggereerd dat de 

prefrontale cortex (PFC) en hersengebieden betrokken emotie verwerking, vooral de 

amygdala, nauw samenwerken tijdens emotie regulatie, wat duidt op een neuraal 

netwerk. Het wordt gedacht dat in dit netwerk de PFC de reacties van de 

 

 

emotieverwerkingsgebieden beïnvloedt om emoties te reguleren ((Ochsner and 

Gross, 2005; Ochsner et al., 2012; Phillips et al., 2003a). De functie van de VLPC is 

mogelijk het signaleren van emotioneel belangrijke informatie en of het nodig is om 

emotieregulatie toe te passen. Het wordt gedacht dat de DLPFC tijdens 

herinterpretatie betrokken is bij het uitvoeren van cognitieve controle om de emotie te 

reguleren. Daarom zou het kunnen zijn dat patiënten met schizofrenie in staat zijn 

om emotionele informatie op de juist wijze te herkennen, maar dat zij de emotionele 

informatie niet voldoende vast kunnen houden om te starten met het uitvoeren van 

de frontale controle (gekenmerkt door een verminderde activatie van de DLPFC). 

Daarentegen hebben patiënten met een bipolaire stoornis mogelijk problemen in de 

controle door de prefrontale cortex over hun negatieve emoties (gekenmerkt door 

verminderde invloed van de DLPFC over de amygdala activiteit tijdens 

herwaardering), ondanks hun regelmatige pogingen om te reguleren (late reactie van 

de DLPFC). De verstoorde cognitieve controle door de DLPFC in patiënten met 

bipolaire stoornis zou mogelijk kunnen komen door hun verminderde evaluatie van 

emotionele informatie blijkend uit een verminderde betrokkenheid van de VLPFC 

tijdens het beginnen van herwaardering. Samenvattend, wij stellen voor dat 

beperkingen in emotie regulatie in schizofrenie voornamelijk worden veroorzaakt 

door het niet kunnen vasthouden van de regulerende controle, terwijl beperkingen in 

emotie regulatie bij patiënten met een bipolaire stoornis worden gekenmerkt door 

een beperking in het signaleren van de behoefte om te reguleren. 

 

Onderzoeksvraag 2: Hangt risico op suïcide samen met verschillen in 

hersenstructuren? (Hoofdstuk 4))  

Methoden. Suïcidale gedachten en eerdere suïcide pogingen zijn belangrijke risico 

factoren voor suïcide (Hawton and van Heeringen, 2009). In Hoofdstuk 4 

onderzochten we veranderingen in volume van hersenstructuren bij belangrijke 

risicofactoren voor suïcide (suïcidale gedachten en suïcide pogingen). In dit 

onderzoek onderzochten wij verschillen in volume in grijze stof (GS, cellichamen) en 

witte stof (WS, axon bundels). 

 

Wat vonden we? Mensen met een  risico op suïcide hadden verminderd GS volume 

in de DLPFC tot aan de VLPFC. Er was geen verband tussen WS volume en risico 

op suïcide.  

180

Appendices | Dutch summary



 

 

zeggen kijken naar het beeld zonder de emoties die worden opgewekt te wijzigen; 

controle conditie). Op deze manier werd er van uitgegaan dat de condities 

herinterpreteren en aandacht geven gelijk waren aan elkaar, behalve dat de eerste 

conditie herinterpretatie (herwaardering) bevat. Daarom, door de neurale 

mechanismen van de aandacht conditie af te trekken van de herwaardering conditie 

(herwaardering negatief plaatje >aandachtig kijken naar negatief plaatje), houden we 

alleen de neurale mechanismen over specifiek voor herwaarderen van negatieve 

plaatjes en we zien bijvoorbeeld niet de activiteit betrokken bij visuele of emotionele 

verwerking (waar we niet in geïnteresseerd waren). 

 
Figuur 2 Illustratie van de taak emotie te reguleren. 

 

Wat vonden we?  Tijdens herwaardering toonden patiënten met bipolaire stoornis en 

schizofrenie verschillen in verstoorde hersenactiviteit. Patiënten met schizofrenie 

waren in staat om de ventrolateral prefrontale cortex (VLPFC) te activeren, maar niet 

om deze activiteit aan te houden en er was geen betrokkenheid van de dorsolaterale 

prefrontale cortex (DLPFC). Patiënten met bipolaire stoornis lieten echter in de 

prefrontale gebieden (d.i. VLPFC en DLPFC) afgestompte reacties zien met een late 

maar niet volgehouden betrokkenheid van de DLPFC tijdens herwaardering. 

 Bovendien zorgde de activiteit in de DLPFC tijdens herwaardering voor een 

vermindering van activiteit van de amygdala in gezonde personen; terwijl in patiënten 

met bipolaire stoornis de activiteit in de DLPFC veel minder invloed had op de 

activiteit van de amygdala. Daarom concludeerden wij dat door deze verminderde 

effectieve connectiviteit de emotieregulatie door de DLPFC in patiënten met een 

bipolaire stoornis was verminderd.  

  

Wat houden deze resultaten in? In de literatuur wordt gesuggereerd dat de 

prefrontale cortex (PFC) en hersengebieden betrokken emotie verwerking, vooral de 

amygdala, nauw samenwerken tijdens emotie regulatie, wat duidt op een neuraal 

netwerk. Het wordt gedacht dat in dit netwerk de PFC de reacties van de 

 

 

emotieverwerkingsgebieden beïnvloedt om emoties te reguleren ((Ochsner and 

Gross, 2005; Ochsner et al., 2012; Phillips et al., 2003a). De functie van de VLPC is 

mogelijk het signaleren van emotioneel belangrijke informatie en of het nodig is om 

emotieregulatie toe te passen. Het wordt gedacht dat de DLPFC tijdens 

herinterpretatie betrokken is bij het uitvoeren van cognitieve controle om de emotie te 

reguleren. Daarom zou het kunnen zijn dat patiënten met schizofrenie in staat zijn 

om emotionele informatie op de juist wijze te herkennen, maar dat zij de emotionele 
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Onderzoeksvraag 2: Hangt risico op suïcide samen met verschillen in 
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risicofactoren voor suïcide (suïcidale gedachten en suïcide pogingen). In dit 
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Wat houden deze resultaten in? De DLPFC en VLPFC zijn belangrijke gebieden voor 

de cognitieve controle van emoties. Aansluitend bij het idee dat dysfunctionele 

emotie regulatie samenhangt met suïcidaal gedrag ((Aleman and Denys, 2014; 

Jollant et al., 2011), stellen wij voor dat een kleinere DLPFC/VLPFC bij suïcidale 

patiënten mogelijk een kwetsbaarheid vormt voor toekomstig suïcidaal gedrag. 

Verder onderzoek, naar bijvoorbeeld verandering van activiteit in deze gebieden 

tijdens bepaalde processen en de netwerken betrokken bij deze gebieden, is nodig 

om na te gaan of deze prefrontale structurele verandering als potentieel 

aangrijpingspunt kan worden gebruikt ten behoeve van de preventie van suïcide. 

 

Onderzoeksvraag 3: Wat zijn de neurale mechanismen die ten grondslag liggen aan 

een verstoorde zelfreflectie in bipolaire stoornis en schizofrenie? 

Methoden.  Deelnemers voerden in de fMRI-scanner een zelfreflectie-taak uit. 

Tijdens de zelfreflectie-taak werden zinnen getoond aan de deelnemer over 

kenmerken van de zelf of een naaste. Deze zinnen waren opgesplitst in drie 

condities: zelfreflectie (zinnen die refereren aan “Ik/mij”), reflectie op een naaste 

(familielid of goede vriend), en semantische controle zinnen (algemene kennis). De 

deelnemers konden op een vier-punt schaal aangeven in hoeverre ze het eens 

waren met de getoonde zinnen. Hersenactiviteit en functionele connectiviteit 

(hersenactiviteit in een gebied is gerelateerd aan activiteit in een ander gebied, 

zonder iets te zeggen over het oorzakelijke verband tussen deze twee gebieden) 

werden beiden onderzocht.  

 

Wat vonden we?  De belangrijkste bevinding was dat patiënten met bipolaire stoornis 

een verminderde functionele connectiviteit tussen de anterieure cingulate cortex 

(ACC), de ventromediale prefrontale cortex (VMPFC), de insula en de caudatus 

nucleus lieten zien tijdens zelfreflectie vergeleken met gezonde vrijwilligers. 

Daarnaast was er bij patiënten met bipolaire stoornis verminderde activiteit in de 

posterior cingulare cortex (PCC) tot in de precuneus tijdens reflectie op een naaste. 

Bij patiënten met schizofrenie observeerden we verminderde functionele 

connectiviteit tussen de insula en PCC tijdens reflectie op een naaste vergeleken met 

gezonde vrijwilligers. Samengevat lieten zowel patiënten met bipolaire stoornis als 

schizofrenie verandering zien in hersenactivatie en functionele connectiviteit tijdens 

 

 

reflectie, terwijl patiënten met bipolaire stoornis en schizofrenie ook verschillen lieten 

zien in hun verstoringen vergeleken met gezonde vrijwilligers.  

 

Wat houden deze resultaten in?  In gezonde vrijwilligers zijn regelmatig de corticale 

midline structuren (CMS) gevonden als gebieden die betrokken zijn tijdens reflectie 

op de zelf en naaste. De CMS bestaan uit de ACC, PCC, VMPC en de dorsomediale 

prefrontale cortex (DMPFC) die als een netwerk samenwerken (Northoff and 

Bermpohl, 2004). Gezien de betrokkenheid van de caudatus bij verwerking van 

beloning en reflectie, kan de verminderde functionele connectiviteit tussen de CMS 

en de caudatus in bipolaire stoornis samenhangen met een verminderde 

mogelijkheid tot zelfreflectie en problemen bij het ervaren van beloning tijdens 

zelfreflectie. Dit zou patiënten met een bipolaire stoornis kunnen ontmoedigen om 

positieve eigenschappen aan zichzelf toe te schrijven. Gezonde personen hebben 

inderdaad de neiging om meer positieve dan negatieve gebeurtenissen aan zichzelf 

toe te wijzen, dit heet een zelf-attributie bias (Mezulis et al., 2004), terwijl patiënten 

met een bipolaire stoornis een verminderde tot geen zelf-attributie bias hebben, wat 

betekent dat ze veel minder positieve gebeurtenissen aan zichzelf toeschrijven 

vergeleken met gezonden personen (Lyon et al., 1999; Zhang et al., 2015). 

Bovendien, doordat patiënten met bipolaire stoornis moeite hebben met het 

raadplegen van hun autobiografische geheugen tijdens reflectie op naasten (wat tot 

uitdrukking komt in verminderde PCC activatie), zouden zij mogelijk ook problemen 

kunnen hebben met het zorgvuldig evalueren van naasten. Dit kan mogelijk worden 

geassocieerd met hun problemen in sociale cognitie. Daarnaast zou de verminderde 

functionele connectiviteit tussen de insula (welke is betrokken bij emotie verwerking) 

en PCC in patiënten met schizofrenie mogelijk kunnen worden gerelateerd aan een 

verstoorde interactie tussen autobiografisch geheugen en emotionele beleving in 

relatie tot naasten. Dit hangt mogelijk samen met verminderde sociale interactie, wat 

kan leiden tot verstoord sociaal functioneren. 

 

Wat is de volgende stap?  
 Voor een volgende stap in het onderzoek naar emotieregulatie en zelfreflectie 

in patiënten met bipolaire stoornis en schizofrenie, is het eerst nodig dat deze 

resultaten ook worden gevonden in een grotere groep deelnemers. Bovendien is het 

belangrijk om te noemen dat bipolaire stoornis en schizofrenie beiden meer dan één 
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ziekte perioden kennen (bijvoorbeeld bipolaire stoornis wordt gekenmerkt door 

manische/hypomanische, depressieve en euthyme perioden; terwijl in schizofrenie 

symptomatische perioden van psychosen worden afgewisseld met meer stabiele 

fasen met of zonder negatieve symptomen, zoals vlak affect). Omdat onze patiënten 

met bipolaire stoornis en schizofrenie over het algemeen stabiel waren tijdens het 

scannen, kunnen we niet zeggen of onze resultaten van toepassing zijn op patiënten 

met een bipolaire stoornis en schizofrenie tijdens andere ziekteperiodes. Hier is meer 

onderzoek naar nodig. 

 Een belangrijke vraag nog zou kunnen zijn: hoe kunnen we deze resultaten in 

de klinische praktijk gebruiken? Helaas, bestaat er nog een gapend gat tussen onze 

eerste fundamentele resultaten en klinisch gebruik. Echter, stelt u zich voor dat u 

zoekt naar specifieke plaatsen in een heel groot bos, instrumenten zoals een kompas 

kunnen helpen in het zoeken en kan deze tocht efficiënter maken. Met ons 

fundamenteel onderzoek, hebben we als doel om informatie te geven over 

veranderingen in de hersenen van psychiatrische patiënten, met schizofrenie en 

bipolaire stoornis in het bijzonder. Dit kan hopelijk dienen als “instrument” om verdere 

klinische behandelingen en preventie te ontwikkelen. 

 

 

English Summary 
 

What and who did we study? 
Research questions and targeted psychiatric disorders  

 In this thesis, we mainly focused on two research topics: emotion regulation 

and self-reflective processing. Emotion regulation is defined as the process during 

which individuals apply certain strategies to modulate their emotional experiences. 

Most humans have the ability to (somehow) deal with emotional events that are 

prevalent in our daily lives because of emotion regulation. However, problems with 

emotion regulation have consistently been observed in many psychiatric disorders, 

including both bipolar disorder and schizophrenia. Therefore, dysfunctional emotion 

regulation has been suggested to be associated with emotional symptomatology in 

bipolar disorder and schizophrenia (e.g., bipolar disorder, fluctuations in affect during 

manic/hypomanic and depressed episodes alternated with stable episodes; 

schizophrenia, flat affect) (American Psychiatric Association, 2013). As such, 

dysfunctional emotion regulation in these disorders may therefore have a negative 

influence on social and occupational functioning. Furthermore, in the situation of 

emotionally overwhelming events, dysfunctional emotion regulation may even result 

in severe consequences, such as committing suicide, which is particularly common in 

patients with major depressive disorder (MDD).  

 Self-reflection refers to the cognitive process to judge whether certain 

information, for instance traits and attitudes, is related to the self or not (van der Meer 

et al., 2010). This reflective ability is important for social functioning and quality of life 

(Dimaggio et al., 2008; Lysaker et al., 2005), while problems with self-reflection are 

often encountered in patients with bipolar disorder (Ghaznavi and Deckersbach, 

2012; Lyon et al., 1999) and schizophrenia (Holt et al., 2011; Murphy et al., 2010; 

van der Meer et al., 2013). 

 Therefore, the research questions in this thesis were: 1.) What are the underlying 

and differential brain responses of emotion regulation in bipolar disorder and 

schizophrenia?; 2.) As a possible severe consequence of dysfunctional emotion 

regulation, are there structural brain differences underlying suicidal risk?; 3.) What are the 

neural mechanisms underlying disturbed self-reflective processing in bipolar disorder and 

schizophrenia?  
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Why bipolar disorder versus schizophrenia? 

 Both clinically and scientifically, there is an interesting debate on the 

relationship between bipolar disorder and schizophrenia: are they expression of 

different levels of severity on the same continuum or two completely different 

disorders (Craddock and Owen, 2005)? On the one hand, bipolar disorder and 

schizophrenia share many similarities, such as shared risk genes, psychotic and 

emotional symptoms, impaired cognitive and social functioning, and brain structural 

alterations; while on the other hand, they also show differences in clinical 

presentation, cognitive and neurobiological aspects (American Psychiatric 

Association, 1994; Arnone et al., 2009; International Schizophrenia Consortium et al., 

2009; Krabbendam et al., 2005; Lichtenstein et al., 2009; Rowland et al., 2013a; 

Schnack et al., 2014; Schretlen et al., 2007). Therefore, we addressed this 

interesting comparison between patients with bipolar disorder with a history of 

psychosis and patients with schizophrenia in terms of emotion regulation and self-

reflective processing in our studies. These studies are of importance, because it may 

help understand the role of emotion regulation and self-reflection processing in the 

shared and unique symptomatology of bipolar disorder and schizophrenia, which 

may pave the way for finding potential prognostic neural marker for these two 

psychiatric disorders. 

 

How did we investigate brain responses? 
 In our research, we mainly focused on brain responses corresponding to 

external/internal stimuli during performance of a task, which were measured with 

functional magnetic resonance imaging (fMRI). When brain neurons are activated by 

internal or external stimuli, increased oxygenated blood flows into corresponding 

local brain areas. Interestingly, the amount of oxygenated blood flowing into certain 

brain area contains more oxygen than is consumed by the activated neurons in that 

area. MRI works by detecting this difference in blood oxygen and this blood-oxygen-

level-dependent (BOLD)  signal is perceived as an indication of “brain activation” 

(Figure 1).  

In fMRI tasks, in order to measure a certain process of interest, at least two 

conditions are needed: one experimental condition, which contains the process of 

interest; and one control condition, which does not contain the targeted process. 

Ideally, the experimental condition is comparable to the control condition on all 

 

 

aspects, except for the process of interest. As such, if activation during the control 

condition is subtracted from that during the experimental condition, we could obtain 

the brain activation specific to the processes of interest. Therefore, when talking 

about brain activation, we are actually referring to differences in activation between 

conditions.  

 
Figure 1 Illustration of generation of blood-oxygen-dependent (BOLD) signal. 

 

How did we investigate our research questions and what did we find? 
Research question 1: what are the underlying (differential) brain responses of 

emotion regulation in bipolar disorder and schizophrenia? (Chapter 2 and 3) 

Methods. In order to investigate emotion regulation, participants (patients with bipolar 

disorder, patients with schizophrenia and healthy volunteers) were instructed to 

perform an emotion regulation task (Figure 2): watch an emotional event first 

(viewing), and then start to regulate the elicited emotion (regulating) or-as a control-

continue watching it (attend) given the presented instruction. Thus, during this 

regulating phase, participants were instructed to either reappraise (i.e., reinterpreting 

pictures to adjust experienced emotions elicited by presented pictures; for instance, a 

picture of a dying baby could be reinterpreted as that the baby just receives surgery 

and is going to recover soon) or attend to presented pictures (i.e., attending to 

pictures without altering the emotions elicited by presented pictures; control 

condition). In this way, conditions of reappraisal or attend were assumed to be 

comparable on all aspects, except that the former contains a process of 

reinterpreting (reappraising). In this way, by subtracting brain responses of condition 

attending from that of condition reappraising (reappraising negative>attending 

negative), we could obtain the contrast to study neural mechanisms specific to 
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negative), we could obtain the contrast to study neural mechanisms specific to 
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reappraisal of negative pictures and we do for example not see the activation related 

to visual input or emotional processing (in which we were not interested).  

 
Figure 2 Illustration of the emotion regulation task. 

 

What did we find? While reappraising, patients with bipolar disorder and 

schizophrenia showed differential disturbances in brain activation. Specifically, we 

found that patients with schizophrenia were able to recruit, but not sustain activation 

in the ventrolateral prefrontal cortex (VLPFC), and there was no involvement of the 

dorsolateral prefrontal cortex (DLPFC). However, patients with bipolar disorder 

showed general blunted responses in the prefrontal areas (i.e., VLPFC and DLPFC), 

with a late but non-sustained involvement of the DLPFC during reappraisal.  

Furthermore, activation in the DLPFC decreased the activation in the 

amygdala in healthy volunteers while reappraising; whereas the activation of the 

DLPFC had less influence on the activation in the amygdala in patients with bipolar 

disorder. Therefore, we concluded that the emotional regulation of the DLPFC in 

bipolar disorder was reduced as a result of this reduced effective connectivity. 

  

What do these results imply? In the literature, the prefrontal cortex (PFC) and brain 

structures involved in emotional processing, especially the amygdala have been 

suggested to interact closely during emotion regulation, indicative of a neural 

network. In this network, the PFC is assumed to modulate responses in the 

emotional processing areas to regulate emotions (Ochsner and Gross, 2005; 

Ochsner et al., 2012; Phillips et al., 2003a). The VLPFC has been involved in 

detecting emotional salience information and the need for emotion regulation. The 

DLPFC has been suggested to be associated with implementing cognitive control to 

regulate emotion during reappraisal. Therefore, it might be suggested that patients 

with schizophrenia are able to recognize emotional information properly, but show a 

disturbance in sufficiently maintaining the emotional information in order to initiate 

(and hence maintain) the frontal control (denoted by the lack of the DLPFC 

 

 

activation). In contrast, patients with bipolar disorder may have difficulties in the 

prefrontal control over negative emotions (denoted by the reduced DLPFC influence 

on the amygdala activation while reappraising), although they might make regulatory 

attempts (late response in the DLPFC). The disturbed cognitive control from the 

DLPFC in patients with bipolar disorder may be due to their reduced evaluation of the 

emotional information denoted by a lack of early VLPFC involvement during 

reappraisal. Altogether, we propose that emotion regulation deficits in schizophrenia 

are primarily driven by a failure to sustain regulatory control, while emotion regulation 

deficits in bipolar disorder are characterized by a failure to signal regulatory needs. 

 

Research question 2: Is suicidal risk associated with differences in brain structures? 

(Chapter 4)   

Methods. In chapter 4, we assessed alterations in volume of brain structures in 

relation to important suicidal risk factors (SI and SA). In this study, we investigated 

differences in volume of grey matter (GM, cell bodies) and white matter (WM, 

bundles of axons).  

 

What did we find? Presence of suicidal risk (i.e., presence of SI and/or SA) was 

associated with reduced GM volume in the DLPFC extending to the VLPFC. There 

were no associations between WM and suicidal risk.  

 

What do these results imply? The DLPFC and VLPFC are important areas for 

cognitive control of emotion. In line with the suggestion that dysfunctional emotion 

regulation is closely related to suicidal behavior (Aleman and Denys, 2014; Jollant et 

al., 2011), we suggest that a smaller DLPFC/VLPFC in suicidal patients might be 

associated with vulnerability for future suicidal behavior. Further research, for 

example on the functional abnormalities of these regions and the networks 

associated with these regions is required to explore whether this prefrontal structural 

alteration could be served as a potential marker for suicide prevention.      

 

Research questions 3: what are the neural mechanisms underlying disturbed self-

reflective processing in bipolar disorder and schizophrenia? 

Methods. Participants were instructed to perform a self-reflection task while lying in 

the fMRI scanner. During the self-reflection task, participants were presented with 

188

Appendices | English summary



 

 

reappraisal of negative pictures and we do for example not see the activation related 

to visual input or emotional processing (in which we were not interested).  

 
Figure 2 Illustration of the emotion regulation task. 

 

What did we find? While reappraising, patients with bipolar disorder and 

schizophrenia showed differential disturbances in brain activation. Specifically, we 

found that patients with schizophrenia were able to recruit, but not sustain activation 

in the ventrolateral prefrontal cortex (VLPFC), and there was no involvement of the 

dorsolateral prefrontal cortex (DLPFC). However, patients with bipolar disorder 

showed general blunted responses in the prefrontal areas (i.e., VLPFC and DLPFC), 

with a late but non-sustained involvement of the DLPFC during reappraisal.  

Furthermore, activation in the DLPFC decreased the activation in the 

amygdala in healthy volunteers while reappraising; whereas the activation of the 

DLPFC had less influence on the activation in the amygdala in patients with bipolar 

disorder. Therefore, we concluded that the emotional regulation of the DLPFC in 

bipolar disorder was reduced as a result of this reduced effective connectivity. 

  

What do these results imply? In the literature, the prefrontal cortex (PFC) and brain 

structures involved in emotional processing, especially the amygdala have been 

suggested to interact closely during emotion regulation, indicative of a neural 

network. In this network, the PFC is assumed to modulate responses in the 

emotional processing areas to regulate emotions (Ochsner and Gross, 2005; 

Ochsner et al., 2012; Phillips et al., 2003a). The VLPFC has been involved in 

detecting emotional salience information and the need for emotion regulation. The 

DLPFC has been suggested to be associated with implementing cognitive control to 

regulate emotion during reappraisal. Therefore, it might be suggested that patients 

with schizophrenia are able to recognize emotional information properly, but show a 

disturbance in sufficiently maintaining the emotional information in order to initiate 

(and hence maintain) the frontal control (denoted by the lack of the DLPFC 

 

 

activation). In contrast, patients with bipolar disorder may have difficulties in the 

prefrontal control over negative emotions (denoted by the reduced DLPFC influence 

on the amygdala activation while reappraising), although they might make regulatory 

attempts (late response in the DLPFC). The disturbed cognitive control from the 

DLPFC in patients with bipolar disorder may be due to their reduced evaluation of the 

emotional information denoted by a lack of early VLPFC involvement during 

reappraisal. Altogether, we propose that emotion regulation deficits in schizophrenia 

are primarily driven by a failure to sustain regulatory control, while emotion regulation 

deficits in bipolar disorder are characterized by a failure to signal regulatory needs. 

 

Research question 2: Is suicidal risk associated with differences in brain structures? 

(Chapter 4)   

Methods. In chapter 4, we assessed alterations in volume of brain structures in 

relation to important suicidal risk factors (SI and SA). In this study, we investigated 

differences in volume of grey matter (GM, cell bodies) and white matter (WM, 

bundles of axons).  

 

What did we find? Presence of suicidal risk (i.e., presence of SI and/or SA) was 

associated with reduced GM volume in the DLPFC extending to the VLPFC. There 

were no associations between WM and suicidal risk.  

 

What do these results imply? The DLPFC and VLPFC are important areas for 

cognitive control of emotion. In line with the suggestion that dysfunctional emotion 

regulation is closely related to suicidal behavior (Aleman and Denys, 2014; Jollant et 

al., 2011), we suggest that a smaller DLPFC/VLPFC in suicidal patients might be 

associated with vulnerability for future suicidal behavior. Further research, for 

example on the functional abnormalities of these regions and the networks 

associated with these regions is required to explore whether this prefrontal structural 

alteration could be served as a potential marker for suicide prevention.      

 

Research questions 3: what are the neural mechanisms underlying disturbed self-

reflective processing in bipolar disorder and schizophrenia? 

Methods. Participants were instructed to perform a self-reflection task while lying in 

the fMRI scanner. During the self-reflection task, participants were presented with 

189

A
p

p
en

d
ic

es
 |

 E
ng

lis
h 

su
m

m
ar

y



 

 

sentences which were about traits of the self or a close other. These sentences were 

divided into three conditions: self-reflection (sentences referring to “I/me”), close 

other-reflection (sentences referring to a close other, such as a relative or close 

friend), and semantic control sentences (general knowledge statements). Participants 

decided on a four-point continuum how much they agreed with the presented 

sentences. Both brain activation and functional connectivity (i.e., brain activation in 

one area is related to activation in another area, without knowing causal relationships 

between these areas) were investigated. 

 

What did we find? Most importantly, compared to healthy volunteers, patients with 

bipolar disorder showed reduced functional connectivity between the anterior 

cingulate cortex (ACC), ventromedial prefrontal cortex (VMPFC) and insula and the 

caudate during self-reflection. Moreover, in patients with bipolar disorder, there was 

decreased activation in the posterior cingulate cortex (PCC) extending to the 

precuneus during reflection on a close other. For patients with schizophrenia, we 

observed reduced functional connectivity between the insula and PCC during close 

other-reflection compared to healthy volunteers. Taken together, both patients with 

bipolar disorder and schizophrenia demonstrated disturbances in brain activation and 

functional connectivity during reflective processing, while patients with bipolar 

disorder and schizophrenia also showed differences in their disturbances compared 

to healthy volunteers.  

 

What do these results imply? In healthy volunteers, the cortical midline structures 

(CMS) have been consistently found to be involved during self- and close other-

reflection. The CMS consist of the ACC, PCC, VMPFC and dorsomedial prefrontal 

cortex (DMPFC), which work together as a network (Northoff and Bermpohl, 2004). 

Considering the involvement of the caudate in reward-related and reflective 

processing, reduced functional connectivity between the CMS and the caudate in 

bipolar disorder might relate to an association of a lower capacity of self-reflection 

and difficulties in experiencing reward during reflecting on themselves. This may 

discourage patients with bipolar disorder to attribute positive events to themselves. 

Indeed, healthy individuals tend to attribute more positive than negative events to 

themselves, which is called a self-serving bias (Mezulis et al., 2004); while patients 

with bipolar disorder show less or no self-serving bias, meaning that they attribute 

 

 

less positive events to themselves compared to healthy individuals (Lyon et al., 1999; 

Zhang et al., 2015). Moreover, due to difficulties in consulting autobiographical 

memory (expressed by reduced PCC activation) in patients with bipolar disorder 

during close other-reflection, they may also have problems with generating accurate 

evaluations on close others. This might be associated with their difficulties in social 

cognition.  

 Furthermore, in patients with schizophrenia, the decreased functional 

connectivity between the insula (which is involved during emotional processing) and 

PCC may be related to disturbed linkage of autobiographical memory to emotional 

experiences in relation to close others. This might be associated with deficient social 

interaction with others, leading to disturbed social functioning.  

   

What is next?  
 For the next step in the research to emotion regulation and self-reflection in 

bipolar disorder and schizophrenia, as a first step replication of these results in a 

bigger sample is needed. Moreover, it should be noted that both bipolar disorder and 

schizophrenia have more than one illness state (e.g., bipolar disorder is 

characterized by manic/hypomanic, depressed and euthymic episodes/periods; while 

in schizophrenia symptomatic episodes of psychosis alternated with more stable 

phases with or without negative symptoms such as flat affect). Because our samples 

of patients with bipolar disorder and schizophrenia were mainly euthymic/stable at 

scanning, we are uncertain whether our results apply to patients with bipolar disorder 

and schizophrenia during other illness states. This also requires further investigation.  

 Moreover, an important remaining question might be: how could we use these 

results in clinical practice? Unfortunately there is still a yawning gap between our 

preliminary fundamental results and clinical use. However, imaging that you are 

searching for certain topological targets in a broad forest, tools like a compass will 

help in searching to make this endeavor more efficient. With our fundamental 

research we aimed to provide information on differences in the brain of psychiatric 

patients with schizophrenia and bipolar disorder in particular. This will hopefully serve 

as a “tool” to further develop clinical treatments and prevention.  
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Anonymous: “The shape looks interesting. What is it?” 

Liwen: “Guess!” 

Anonymous: “a map?” 

Liwen: “Yes, it’s the shape of Groningen.” 

Anonymous: “Why?” 

Liwen: “Groningen is special to me. Besides my hometown, this is the place where I 
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approximate location of UMCG, where I received my very first experience in 
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progressing gradually both in work and life. I will definitely remember and cherish my 
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Xilin, Yang, Yezi, and Zhaoxia-US, China, and the Netherlands, these are our 

coordinates. However, long distance does not stop our friendship. Even though we 

do not contact often, I still feel close to you. Thank you so much for always being 

there during my downs, and thank you for sharing my joys. Our friendship will 

continue, for sure, and I am looking forward to seeing you again sometime and 

somewhere in the future! My dear roommates Zhuoran and Qi. Zhuoran, I think I 

haven’t told you that I admire many traits of you, and those things learning from you 

make a better me:). It was a fun trip with you in Budapest, and our chat in deep 

nights reminded me of the dorm chat days during my college. It’s comfortable to stay 

with you. Good luck with finalizing your thesis and enjoy your sweet days with Kaitao. 

Qi, you made our living together much more fun. This year is your year, with two 

important gifts on the way: PhD and a baby! Congratulations to you! Enjoy the rest 

time here, and hope everything is going well for you in US. Please share your baby’s 

picture, must be very cute. Bin, Hao and Yehan, it’s a song to encounter you! 

Although we met in my final year, I have so many beautiful memories this year, 

together with you! No matter where we will be, whether we will keep in touch or not, I 

will cherish those days. Also, Zhouzhou, Nana, Keni, Haigen and Chengtao, I 

enjoyed our hiking in France and dinners. Enjoy your stay in this quiet and pretty city! 

Juan and Williem, I will miss our tango time! Juan, good luck with your work in 

Belgium, and hope you could meet the one soon! Williem, nice and warm guy, I wish 

you all the success in your career and best wishes for you and your girlfriend. I hope 

both of you would have a tango-like future, elegant, smooth and powerful! Tao 

 

 

Zhang, Wenjun, Xiaoshan, Xiaoxi and Ran Gong, it’s such a nice road trip with you 

in Iceland that my memory about it is still very fresh. Best wishes for you all, and also 

for our little princess Nuannuan. Ming-san and Ilia, I had a good time during our 

game nights. I would definitely miss it. Shall we have a game night again? 

Zhuozhao, thanks for your help with my statistical questions! Enjoy your work, and 

also take care of yourself. Wish you a happy life with your wife! Coach Wu, it’s nice 

to have you as my driving coach, and thank you for your patience to me who was 

super scared of cars!   
 

Probably I should also thank my future partner. Thanks for being so late in my life 

that I could encounter great people in the Netherlands, finish my PhD, try different 

things I have never tried before… Everything has two sides! You would never know 

what life has in store for you. So, I will take what life gives to me, move on and hope 

for something good!  

 

Last but not least, my deepest gratitude goes to my parents. My appreciation is 

beyond words. Everything I could express converges to one sentence: I love you and 

thank you! Thank you for giving me the opportunity to have a look at this world, thank 

you for your unconditional support and encouragements, thank you for respecting my 

choice, thank you for taking good care of yourselves…    

最后的最后，最深沉的谢意要给我的爸爸妈妈。千言万语难以表达我的感激，所有的

所有，我想告诉你们，我很爱你们！谢谢你们给予了我生命，总是无条件的支持和鼓

励我；谢谢你们给予我尊重和自由，把自己照顾得好好的，让我一路放心的前行。以

后的日子，我们一起慢慢走！ 

 

Ok, this is my story so far! It’s never an end, but a new start! So guys, wish you all 

the best, and hopefully see you again in the future! Cherish♥ 
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