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CHAPTER  3

Altered frontal-amygdala effective 
connectivity during effortful emotion 

regulation in bipolar disorder

 

 
 

 

 
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. 



 

 
 

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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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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2015), we tested two possibilities of DLPFC-amygdala intrinsic connections: no or 
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interest in effortful ER, we did not explore it hereafter. These driving inputs were 
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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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 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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     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.  
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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 
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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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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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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 

66
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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 
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24 

28 
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36 

Angular gyrus L 39 76 4.71 

4.13 

-50 
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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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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 
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-44 

-56 
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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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