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Abstract 

Background: Deficiencies in emotion regulation (ER) are characteristic of patients 

with bipolar disorder (BD) and schizophrenia (SZ). We investigated temporal aspects 

of recruitment of prefrontal brain areas in BD and SZ in order to determine whether 

these would be more prominent at initiation or during sustaining recruitment of 

activation. Considering temporal variations underlying dysfunctional ER may help 

understand the unique and shared neural correlates of BD and SZ. 

Methods: Forty-six participants were included during an ER-paradigm (SZ, 15; BD, 

16; controls, 15). The temporal dynamics of reappraisal were investigated using finite 

impulse response modeling. Multivariate modeling was used to test for group and 

group × time effects.  

Results: On the behavioral level, all participants reduced their negative affective 

response via reappraisal to a similar extent. Regarding neural responses, there was 

an interaction of group × time during ER in the ventrolateral prefrontal cortex and 

supplementary motor area: SZ patients showed normal initial recruitment of these 

areas, but failed to sustain the activation; BD patients generally showed blunted 

responses, with only late minimal recruitment. No effects of reappraisal were 

observed in limbic areas, though BD showed a constant hyper-activation of the insula 

when attending to negative pictures.  

Conclusion: In SZ patients the failure to sustain activation in prefrontal areas may 

underlie inappropriate modulation of emotional states, possibly relating to their 

psychosis-proneness. In BD patients, however, a general deficiency to recruit 

prefrontal areas together with insular hyper-activation during passive viewing of 

negative material may underlie the enhanced emotional reactivity characterizing BD. 

These unique temporal dynamics during emotion regulation in BD and SZ patients 

may help to further identify specific biomarkers for them.   
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Introduction 

Adequate emotion regulation (ER) is essential for personal well-being and 

satisfactory social functioning (Gross 2002). Problems in ER are part of various 

psychiatric disorders, including bipolar disorder (BD) (Rowland et al, 2013; 

Wolkenstein et al, 2014), and schizophrenia (SZ) (Livingstone et al, 2009; van der 

Meer et al, 2009; van der Meer et al, 2014). Reduced prefrontal control during ER has 

been indicated as a vulnerability factor for the occurrence of psychotic symptoms 

(Modinos et al, 2010), which is not only relevant for the development of SZ, but might 

also be important for BD, given that 20-50% of BD patients have accompanying 

psychotic symptoms (Keck et al, 2003). Because both SZ and BD patients have been 

associated with neural abnormalities during ER (Kanske et al, 2015; Morris et al, 2012; 

Townsend et al, 2013; van der Meer et al, 2014), this might constitute a shared 

pathology. On the other hand, BD and SZ are characterized by unique 

symptomatology, with strong fluctuations in affect during alternations of mood 

between manic/hypomanic, depressive and euthymic phases in BD, and a 

predominantly flat affect seen in SZ (e.g., Phillips et al, 2003). A direct comparison of 

ER between BD and SZ patients in a recent study indeed suggested a differential 

neural profile during effortful emotion regulation (Morris et al, 2012), leading to the 

hypothesis that dysfunctional ER is characterized by a failure to engage frontal areas 

in SZ patients and by inefficient frontal control in BD patients. However, whether 

abnormalities in SZ patients arise from a failure to engage frontal regulatory areas per 

se, or resulted from a failure to sustain initial normal frontal engagement during the 

full time of effortful regulation could not be investigated. Similarly, whether 

inefficient frontal control is an early, late or constant characteristic in BD is unknown. 

Therefore, elucidating the temporal dynamics of the complex response underlying 

effortful regulation is essential to understand the contributions of emotion regulation 

failures to the unique symptomatology of both disorders. 

The most frequently investigated strategy of effortful emotion regulation is 

cognitive reappraisal, which is a strategy to regulate the emotional intensity and 

connotation of a stimulus by using reinterpretation (Gross 2001; Gross 2002; Gross 

and John 2003). In healthy individuals, reappraisal relies on adequate interaction 

between the prefrontal cortex (including the ventrolateral prefrontal cortex (VLPFC), 

dorsolateral prefrontal cortex (DLPFC), and dorsomedial prefrontal cortex (DMPFC)) 

and limbic affective areas (including the amygdala and ventral striatum, Buhle et al, 

2014; Diekhof et al, 2011; Kalisch 2009; Ochsner et al, 2012; Rive et al, 2013). Goldin et 

al. (2008) demonstrated in healthy individuals that during reappraisal, frontal and 
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limbic areas do not show constant, but orchestrated involvement. More specifically, 

activation of the lateral and medial PFC regions peak at an early phase 

(approximately first 4.5 seconds after stimulus onset), followed by attenuation of the 

amygdala response at late stages of cognitive reappraisal (approximately 10.5 

seconds after stimulus onset). This indicates that averaging signal over longer 

periods of time, as done typically in fMRI analysis of ER-paradigms, might be 

insensitive to temporal characteristics of the blood-oxygen-level dependent (BOLD) 

signal. Temporal characteristics within emotion regulation areas (prefrontal areas 

and limbic areas) during reappraisal may contain essential information to 

understand the complex psychopathology related to deficiencies in ER and therefore 

deserve to be studied in more detail.  

Traditional analyses of ER experiments (with modeling the peak activation of 

the BOLD signal following effortful regulation cues typically at six seconds post-

stimulus presentation), indicated less activation of the DLPFC and VLPFC 

(Townsend et al, 2013), but also heightened activation of the VLPFC (Morris et al, 

2012), or no differences (Kanske et al, 2015) in BD patients compared to healthy 

individuals. Moreover, stronger activation of the amygdala during cognitive 

reappraisal compared to healthy individuals has been found (Kanske et al, 2015), 

suggesting inadequate frontal control. In SZ patients the results are more consistent 

and have shown hypo-activation of the VLPFC compared to healthy individuals 

(Morris et al, 2012; van der Meer et al, 2014). However, no study has yet been 

conducted on the temporal dynamics in both BD and SZ patients including direct 

comparison in the same experiment. 

We aimed to investigate the temporal dynamics underlying reappraisal in BD 

and SZ patients using Finite Impulse Response (FIR) modeling to study the temporal 

profiles of reappraisal by fitting a linear model to directly estimate the timing and 

shape of the BOLD response. Based on the differences in symptoms between BD and 

SZ patients, we hypothesized BD and SZ patients to show different temporal 

patterns within the prefrontal and limbic areas. Moreover, we compared BD and SZ 

patients with a group of healthy individuals, and hypothesized them both to be 

different from the normal temporal profile.  

Methods and materials 

Participants  

Participants were included from several mental health care centers in the North of 

the Netherlands. For patients, the following inclusion criteria were applied: 1) no 

change in medication at least one week before scanning; 2) no electroconvulsive 
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therapy in the year prior to scanning; 3) no other psychiatric disorders which may 

affect the central nervous system (e.g., substance use disorder); 4) No MRI-

incompatibilities such as metal implants; 5) for BD patients specifically, a history of 

psychotic symptoms was required, because these patients were recruited for a project 

aiming at comparing insight in psychosis. 

In total, 23 BD patients and 51 SZ patients were included. Additionally, 17 

healthy controls without a history of a psychiatric disorder (HC; 9 male) and no MRI-

incompatibilities were recruited. Because psychosis is strongly associated with a lack 

of illness insight (David 1999), we matched SZ and BD patients on insight scores (see 

below). For this reason, 31 SZ patients and 2 BD patients were excluded.  

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

Medical Center Groningen (Groningen, the Netherlands), and was performed 

according to the latest version of Helsinki Declaration. After full explanation of the 

whole procedure, all participants provided written informed consent. 

Clinical assessments 

To confirm the diagnosis of BD 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 in all participants. Severity of current 

mood symptoms in BD and SZ patients was measured with the Quick Inventory of 

Depressive Symptomatology (QIDS-SR, Rush et al, 2003) and Young Mania Rating 

Scale (YMRS, Young et al, 1978). Severity of current positive and negative symptoms 

in the patient groups was measured with the Positive and Negative Syndrome Scale 

(PANSS, Kay et al, 1987). Intelligence was assessed in all participants using the Dutch 

Reading Test for Adults (DART, Schmand et al, 1991). Moreover, clinical insight and 

cognitive insight were measured with the Schedule of Assessment of Insight-

Expanded version (SAI-E, Kemp and David 1997) and Beck Cognitive Insight Scale 

(BCIS, Beck et al, 2004), respectively. The Emotion Regulation Questionnaire (ERQ, 

Gross and John 2003) was used to measure the preferred emotion regulation strategy 

used in daily life. The ERQ is composed of ten items, consisting of two subscales: 6 

items measure the cognitive reappraisal strategy (e.g., “I control my emotions by 

changing the way I think about the situation I am in”) and 4 items measure the 

suppression strategy (e.g., “I keep my emotions to myself”). Because the number of 

items measuring cognitive reappraisal and suppression was not equal, the total score 

for each subscale was divided by the number of items per subscale.    

 5 
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Emotion Regulation Task 

For the emotion regulation task, 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), with negative valence and arousal levels of negative pictures being 

matched in regulation conditions involving negative pictures (i.e., attend negative 

and reappraise negative, see next paragraph for clarification). Briefly, after viewing a 

neutral or negative picture (view; 2 seconds [s]), participants were asked to either 

reappraise or attend to this picture for 4 seconds, leading to three experimental 

conditions: attend neutral, attend negative and reappraise. The presented picture 

was then replaced by a black screen (lingering; 2s), followed by affective rating in 

which participants indicated on a 4-point scale how negative they felt at the moment 

(1-not negative at all; 4-extremely negative) (rating; 3s). After the rating, a screen 

with the word “relax” was shown to allow participants to relax (relax; 4s). Finally, a 

black screen appeared in order to alert participants about the next coming trial (inter-

trial interval; 0.5s) (see Figure 1 for the procedure illustration).  

 

Figure 1. Illustration of the task procedure and time window. 

 

Prior to scanning, participants were trained with the experimental instructions. 

On “attend” trials (22 negative and 22 neutral pictures), participants were required to 

continue to view the picture naturally without changing the experienced emotion. 

The 22 neutral pictures were always paired with the attend condition. On 

“reappraise” trials, participants were instructed to use the reappraisal strategy to 

reinterpret negative pictures (22 negative pictures) in order to decrease the intensity 

of negative emotion (e.g., a women crying outside of a church may be attending a 

wedding rather than a funeral). The three conditions (attend negative/neutral, 

reappraise negative) were presented randomly in blocks consisting of nine or ten 

trials, separated by a fixation period lasting 20s for rest. To prevent fatigue, the whole 
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experiment was split into two runs, with a rest period in between during which the 

T1-weighted 3D anatomical scan was acquired.  

In the task, a suppression (i.e., to inhibit emotional expression behavior, such 

as keeping a poker face) and increase (i.e., to increase the intensity of negative 

emotion) condition were also included. However, in the present study we focused on 

the cognitive reappraisal which is the most investigated effortful regulation strategy, 

therefore we excluded the suppression and increase conditions from our current 

analyses.  

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 in order to avoid potential artifacts due to nasal cavities. 

Using T2-weighted echo planar images sequences, the functional images were 

acquired in the axial plane and were scanned in an ascending, interleaved order. 

Each functional image consisted 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; isotropic voxels of 3.5 mm). Additionally, a T1-weighted 3D 

anatomical image (170 slices; TR = 9 ms; TE = 3.54 ms; FOV 256 mm; isotropic voxels 

of 1 mm; flip angle = 8º) was acquired. 

Data analysis 

Clinical variables and behavioral data 

Demographics data, psychometric assessments and behavioral data were analyzed in 

IBM SPSS (v.22.0). One-way ANOVAs, t-tests and chi-square were conducted when 

appropriate. 

A repeated measures ANOVA was performed for the ratings of negative affect 

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

within-subject factor and group (3; HC, SZ, BD) as between-subject 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 (SPM12; 

Wellcome Trust Centre for Neuroimaging, London, UK) in Matlab 7.8.0 R2009a 

(MathworksNatick, MA USA). Both functional and anatomical images were 

manually reoriented to the anterior-posterior commissure plane before pre-
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processing. Preprocessing 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 (FIR) modeling 

In order to identify the hemodynamic response (HR) during effortful regulation, a 

General Linear Model with a FIR basis set was applied to estimate condition-specific 

HR time course without a priori assumptions on its shape. Notably, this FIR modeling 

does not take into consideration the known delay of the HR-function. In order to 

catch all relevant ER related signal, the length of the time window was set to 10s 

following start of the experimental instruction (reappraise or attend). Each time 

window was divided into five bins of 2s each, corresponding to the TR  (see Figure 1 

for illustration of time window division). FIR estimates of the HR were calculated for 

each time bin and for each condition per participant. To explore the temporal 

characteristics specific to reappraisal, we specified the contrast reappraise 

negative>attend negative per time bin at first level.  

Whole-brain analysis examining the temporal dynamics during cognitive 

reappraisal (i.e., reappraise negative>attend negative) was conducted using 3dMVM 

(multivariate modeling), an AFNI-based multivariate modeling program (Chen et al, 

2014) (http://afni.nimh.nih.gov/sscc/gangc/MVM.html). A repeated measures 

ANOVA model was built with group (3; HC, BD patients, and SZ patients) as 

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

tested for a ‘group × time’ interaction effect, main effect of group and main effect of 

time. Moreover, because we were specifically interested in the differences in the 

temporal profile between BD and SZ and whether these deviated from healthy 

controls, we set planned comparisons to test for the group by time interaction in the 

two patient groups (BD vs. SZ) and to compare patient groups with HC (BD vs HC 

and SZ vs. HC). In addition, to provide a context in which these regulation 

abnormalities occurred, we explored potential group differences in the natural 

processing of negative stimuli compared to the processing of neutral stimuli. We 

therefore built an additional model for the contrast attend negative>attend neutral, 

with group (3; HC, BD patients and SZ patients) as between-subject factor, and time 

bin (5; 1, 2, 3, 4, 5) as within-subject factor. 

Because QIDS-SR scores differed between BD and SZ patients (Table 1), which 

could be considered as an indication of differences in emotion regulation success in 

daily life, we explored whether QIDS-SR scores affected the temporal profiles in 

http://afni.nimh.nih.gov/sscc/gangc/MVM.html
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patients. We set up a correlational model, with QIDS scores and group as between-

subjects factors and time bin as within-subjects factor. We tested this in BD and SZ 

patients separately to see if the temporal dynamics within group were influenced by 

QIDS scores.  

For all analyses, clusters were considered significant using a height threshold 

of p<.001 and an extent threshold based on nonstationary suprathreshold cluster-size 

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

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

(FWE) for multiple comparisons.  

Results 

Demographics  

Because of incomplete imaging or behavioral data, 1 HC, 5 BD, and 4 SZ patients 

were excluded. Further, 1 HC and 1 BD patient were excluded due to excessive head 

movements (more than 3 mm and/or 3° in any directions). In addition, in order to 

match on age across the three groups, one other BD patient was excluded. In total, 15 

HC, 15 BD and 16 SZ subjects were included in the final analyses.  

Groups were comparable on age, sex, handedness, intelligence (DART), level 

of education, insight scores (SAI-E and BCIS), and preferred regulation strategy in 

daily life (ERQ). Although patient groups differed on depression severity, all groups 

scored below the level of moderate depression (QIDS-SR score<10; http://www.ids-

qids.org/). Patients differed on positive, negative and general psychopathology 

symptoms (PANSS), but not on manic symptoms (YMRS). A full overview of 

demographics is given in Table 1. 

Behavioral results 

Across all participants, a main effect of condition was observed on emotional ratings 

(F(2,84)=132.38, p<.01), but no main effect of group was observed (F(2,42)=2.70, p=.08). 

Explorative post hoc t-tests revealed that all participants (BD, SZ and HC) rated their 

feeling as more negative after attending to negative pictures than following attending 

neutral pictures or reappraising negative pictures (all comparisons, p<.001). 

Moreover, participants rated their feeling after reappraisal of negative pictures more 

negative than after attending neutral pictures (p<.001). Post hoc tests following up the 

trend-wise main effect of group indicated that ratings of overall negative affect 

(following attend negative and reappraise negative) of SZ patients were higher than 

HC (t=.29, p=.04, one-tailed). No interaction between condition and group was found.  

 

 5 
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Table 1. Demographic characteristics. 

  HC SZ BD Likelih
ood 
ratio 

F ta p 

Group (N) 15 16 15     
Age, M (SD) 33.60(11.1) 31.75(8.7) 39.87(12.5) - 2.35 - 0.11(0.13a) 

Level of 
education, M 
(SD) 

5.60(0.9) 5.56(1.1) 6.07(0.7) - 1.50 - 0.24(0.37a) 

Gender(male/fe
male) (N) 

10/5 12/4 6/9 4.30 - - 0.12 

ERQ_reapprais
al, M (SD) 

4.87(1.0) 4.57(1.4) 4.21(1.5) - 1.01 - 0.37 

ERQ_suppressi
on, M (SD) 

2.66(1.2) 3.67(0.9) 3.38(1.5) - 2.35 - 0.12 

DART_correct, 
M (SD) 

40.93(6.6) 38.00(6.5) 42.73(3.9) - 2.64 - .08(.09a) 

QIDS-SR, M 
(SD) 

2.00(1.2) 9.13(4.5) 5.27(5.4) - 11.04 - <.01b 

SAI_E scores, 
M (SD) 

- 18.36(1.0) 18.64(1.4) - - -0.5 0.64 

BCIS_self 
certainty, M 
(SD) 

- 7.56(3.1) 7.4(2.5) - - 0.16 0.88 

BCIS_reflective
nes, M (SD) 

- 15.25(4) 14.73(3.9) - - 0.36 0.72 

BCIS_composit
e, M (SD) 

- 7.69(4.7) 7.33(4.6) - - 0.21 0.84 

PANSS_positive
, M (SD) 

- 12.38(4.8) 9.47(2.7) - - 2.06 .05b 

PANSS_negativ
e, M (SD) 

- 14.31(4.8) 8.93(2.3) - - 3.93 <.01b 

PANSS_general
, M (SD) 

- 26.69(7.1) 21.53(3.6) - - 2.53 .02b 

YMRS, M (SD) - 1.75(1.7) 1.40(1.5) - - .60 .55 

Abbreviations: BCIS, Beck cognitive insight scale; BD, bipolar patients; 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 patients; YMRS, 
Young Mania Rating Scale. 
a 
Comparison between two patients groups (BD and SZ);  

b 
p<.05. 

 

FIR analyses results 

Group analyses during reappraisal of negative pictures   A main effect of time was seen in 

the ventrolateral prefrontal cortex (VLPFC), dorsolateral PFC (DLPFC), dorsomedial 

PFC (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. However, an interaction of group and time (Table 2; Figure 2) was 

observed in the left VLPFC, right lingual gyrus, mid-cingulate cortex (MCC) and 
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SMA. The time courses showed that SZ had normal engagement of the VLPFC, MCC 

and lingual gyrus in the early phases (time bin 1-3), with a drop in activation during 

the later phases (time bin 4 & 5) where HC showed a sustained activation of these 

areas (Figure 2A, C & D). For the SMA, SZ showed hyper-activation in the early 

phase compared to HC, and normalized levels of activation in the later phase of 

regulation (time bin 5; Figure 2B). BD failed to engage the VLPFC and SMA in the 

early phases, but showed minimal recruitment of these areas in the later time bins 

(from time bin 4; Figure 2A & B). In the MCC and lingual gyrus, BD was 

characterized by blunted recruitment of these areas (Figure 2C & D).  

 

Figure 2. Interaction effects between group and time in HC, BD and SZ. Effects were 

observed (A) in the ventrolateral prefrontal cortex (VLPFC), (B) supplementary motor 

area (SMA), (C) mid-cingulate cortex (MCC), (D) lingual gyrus. Areas within the 

orange box (A and B) were also found in the interaction effects between group and 

time within patients (BD vs SZ). Areas in the blue box (C & D) were only found when 

the three groups were included.  

Those time bins starts at the presentation of regulation cue (i.e., time bin 1: 0-2 

seconds post instruction; ). 

(BD, bipolar patients; HC, healthy controls; SZ, schizophrenia patients) 
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Direct (planned) comparison between BD and SZ patients (Table 2; Figure 3) 

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

was described in the three group interaction with time (Figure 2A & B). Moreover, 

this direct comparison revealed differential responses in BD and SZ in the right 

DLPFC and right precuneus. In the DLPFC, there was a late response seen in BD 

patients (time bin 4), whereas SZ patients showed no response at all. Regarding the 

precuneus, both BD and SZ showed a decrease in activation for reappraisal 

compared to attend, with SZ patients showing this decrease much faster than BD 

patients (Figure 3A & B). 

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

separately. Results showed that SZ had an abnormal time course in the right VLPFC, 

with early abnormal recruitment of this area in time bin 2, and left precuneus, with 

no clear group differences at any time bin. BD patients showed a trend for a different 

time effect compared to HC in the right VLPFC (BA 44), although this effect did not 

survive correction for multiple comparisons (Table 2 and Supplementary Figure S1).  
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Figure 3. Interaction effect between group and time in the two patient groups (BD vs 

SZ) from the three groups model . Interaction effects of group [BD,SZ,HC] × time [5] 

were observed in the (A) right dorsolateral prefrontal cortex (DLPFC), (B) right 

precuneus. To provide a reference of the normal course, temporal course in the HC 

was also included here. A line connecting the mean responses in each time bin was 

added for each group to visualize the temporal response.  

(BD, bipolar patients; HC, healthy controls; SZ, schizophrenia patients) 

 

 

 5 
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Table 2. Results from group comparisons for the emotion regulation task. 

Contrasts  K BA Side 
 MNI coordinates 

  x             y             z 
Peak intensity  

BD vs. SZ vs. 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 

Middle cingulate gyrus 56 24  0 4 42 4.55 

Supplementary motor area 126 6 R 2 14  50 4.54 
BD vs. SZ  
Main effect of group   

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

Dorsolateral prefrontal cortex 72 46 R 26 54 18 10.25 

SMA 51 6 R 2 2 62 10.65 

Precuneus 51 5 R 12 -48 68 11.67 

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 

Supplementary motor area 51 6 R 2 2 62 10.65 

Precuneus 51 5 R 12 -48 68 11.67 
BD vs. HC  
Main effect of group 

Middle temporal gyrus 81 21 R 58 6 -22 25.03 

Dorsolateral prefrontal gyrus 297 46 L -30 16 35 26.80 

Interaction: Group (BD,HC) × Time 
Ventrolateral PFC/precentral 
gyrus 39 44 R 56 8 14 13.31a 
SZ vs. 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 17 L -10 -66 40 8.36 
Abbreviations: BD, bipolar patients; HC, healthy controls; SZ, schizophrenia patients 
a. 

uncorrected 
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Group analyses during attending negative pictures   A main effect of group was observed 

in the right insula and middle occipital gyrus. Plotting the effect showed that BD 

patients had a heightened response in the insula during all time bins compared to SZ 

patients and HC, and BD and SZ patients showed increased recruitment of the 

middle occipital gyrus during time bin 3-5, while there was no recruitment in HC 

(Supplementary Figure S2). Interaction between group and time was found in the left 

MTG, postcentral gyrus, MCC, paracentral lobe extending to the SMA, superior 

frontal gyrus (SFG) extending to the SMA and cerebellum (Supplementary Table S2 

and Supplementary Figure S3). Responses in the SMA, MCC and SFG, regions 

previously associated with ER, suggest a late hyper-responsivity in both SZ and BD 

that was not observed in HC.  

Correlation analyses  

QIDS by time interaction in the separate groups showed that only in BD patients 

there was an interaction present in the right precuneus and right angular gyrus, 

indicating that temporal responses in these regions in BD were modulated by 

severity of depressive symptomatology. The right precuneus was also implicated in 

the differences between BD and SZ patients (Table 3). 

Table 3. Correlation between depressive severity scores (QIDS) and temporal 

dynamics in patients 

Contrasts  K BA Side 
   MNI coordinates 

x             y           z 

Peak  

intensity 

All patients: QIDS × Time               

Precuneus 185 7 R 4 -46 52 8.20 

Precuneus 60 3 L -16 -40 70 8.03 

Precentral gyrus 46 4 R 42 -18 66 10.66 

QIDS × Time in BD        

Precuneus 70 5 R 2 -48 52 13.22 

Precuneus/calcarine   57 23 R 2 -60 18 10.14 

Angular gyrus 73 22 R 60 -56 26 11.88 

Superior parietal lobe/Angular gyrus 65 7 R 36 -76 44 12.63 
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Discussion 

In this study, we investigated the temporal dynamics underlying cognitive 

reappraisal in patients with bipolar disorder (BD) and schizophrenia (SZ). We 

demonstrated that BD and SZ patients were characterized by distinct temporal 

neural responses in the ventrolateral prefrontal cortex (VLPFC), dorsolateral 

prefrontal cortex (DLPFC), supplementary motor area (SMA) and precuneus during 

cognitive reappraisal. Most importantly, our results showed that SZ patients initially 

recruited the VLPFC (the first 6s after onset of regulation instruction), but failed to 

sustain this VLPFC activation (6-8s after onset of regulation instruction). Moreover, 

BD patients recruited the VLPFC to a lesser degree during reappraisal across the 

whole time period compared to SZ patients, with a late normalization of peak 

activation in a later phase (6-8s after onset of regulation instruction). A differential 

pattern of recruitment was also observed in the mid-cingulate cortex (MCC) and 

lingual gyrus, revealing a general blunted response in BD patients, and normal early 

recruitment in SZ patients. Altogether, these findings suggest that a failure to sustain 

regulatory control may underlie  emotion regulation  abnormalities in SZ patients, 

whereas a failure to recruit the regulatory area may underlie emotion regulation 

abnormalities in BD patients. 

The VLPFC is an important area for emotion regulation (Buhle et al, 2014; 

Frank et al, 2014; Phillips et al, 2008), with a suggested role in response selection and 

inhibition during reappraisal (Ochsner and Gross 2005; Ochsner et al, 2012) and top-

down control over primary processing of emotional information (Phillips et al, 2003; 

Phillips et al, 2008). However, it has been suggested that the VLPFC is not involved in 

cognitive control per se, but serves as a salience detector signaling the need for control 

(Kohn et al, 2014). Indeed, the VLPFC has shown involvement in emotion generation 

through modulation of the amygdala (Wager et al, 2008) during reappraisal. Of note, 

the VLPFC is also an area important for meta-cognition, especially related to self-

reflection which is emotional by nature (Murray et al, 2012; Van der Meer et al, 2010). 

Therefore, the VLPFC might be an important area for meta-cognitive representation 

of emotional information and serve as a detector for control during reappraisal. 

Previous studies have shown altered activation in this area during reappraisal both 

in SZ patients (Morris et al, 2012; van der Meer et al, 2014) and BD patients (Kanske et 

al, 2015; Morris et al, 2012; Townsend et al, 2013; Townsend and Altshuler 2012), as 

well as decreased connectivity between the VLPFC and amygdala in both patient 

groups (Morris et al, 2012; Townsend et al, 2013) and in psychosis prone individuals 

(Modinos et al, 2010). Interestingly, we showed that the temporal dynamics of the 
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VLPFC response in these patients were different, which may contribute, in part, to 

the different symptomatology seen in BD and SZ patients. SZ patients showed an 

initial normal response of the VLPFC, but were not able to sustain that response 

Interestingly, in SZ patients, hypo-activation of the VLPFC has been associated with 

blunted affect during emotional processing (Stip et al, 2005), and the VLPFC 

activation has shown a positive correlation with level of insight in SZ patients (Buchy 

et al, 2015). Therefore, the failure to sustain frontal engagement in SZ patients may 

contribute to their flat affect and the experience of psychotic symptoms. On the other 

hand, BD patients were not able to recruit the VLPFC in early phases, despite a small 

response in the late reappraisal phase. Given our proposed function of meta-

cognitive representation and control detector for the VLPFC during reappraisal, the 

disturbed engagement of the VLPFC in BD patients might be related to insufficient 

regulation of an abnormal affective response in these patients, which was signified 

by an increased response in the insula during processing of negative information 

(compared to neutral information). The insula is an important area for emotional 

processing and awareness, including the integration of bodily sensations and 

emotional information (Craig 2009; Modinos et al, 2009). Besides that, the insula has 

been regarded to be a key node for switching between task-based network and the 

default mode network (Menon and Uddin 2010; Sridharan et al, 2008).  Therefore, the 

enhanced insular response in BD patients might also reflect a difficulty in switching 

to reappraisal processing, leading to the delayed VLPFC response in these patients. 

BD and SZ patients also differed in temporal response of the right DLPFC, 

which has often been described as another key area for emotion regulation (Kohn et 

al, 2014; Ochsner et al, 2012; Phillips et al, 2003). The DLPFC is important for directing 

attention to relevant information maintaining reappraisal goals in working memory 

(Ochsner et al, 2012; Wager et al, 2004) and for executing control of reappraisal 

processing (Kohn et al, 2014; Ochsner and Gross 2005). Plotting of the temporal 

profiles indicated that healthy participants recruited this area only very late after the 

regulation cue (8-10 seconds), while BD patients recruited this area somewhat earlier 

(6-8s after instruction onset).  Although in the comparison with HC this area did not 

show a significant difference, this earlier DLPFC response in BD patients might 

reflect a need to call upon extra resources to regulate the emotional response and 

might serve as a functional compensation due to the failure of VLPFC recruitment. In 

contrast, the SZ patients did seem to recruit the DLPFC at all (or at least activation 

was not detected with the current scan- and task parameters). This is in line with the 

suggestions that emotion regulation problems in SZ relate to prefrontal hypo-

activation (Morris et al, 2012). 
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The VLPFC and DLPFC have been suggested to be part of a network of 

emotion regulation areas, including the SMA and MCC (Kohn et al, 2014; Ochsner et 

al, 2012). Interestingly, BD and SZ patients also showed differential temporal changes 

in these areas. SZ patients showed an increasing response in the SMA and MCC, 

peaking around 4-6s after onset of the regulation instruction followed by a gradual 

decrease. Also, the response in the SMA was higher in amplitude than in HC. In 

contrast, BD patients hardly activated these two areas (with a small late response). 

Although traditionally the SMA is thought to be involved in motor functioning 

(Eickhoff et al, 2011), this area has also been shown to activate during cognitive 

appraisal (Buhle et al, 2014; Kohn et al, 2014; Morawetz et al, 2015; Ochsner et al, 2012), 

and has been suggested to have a role in reconceptualization of the stimulus (Kohn et 

al, 2014). The MCC has originally been suggested to be involved in cognitive control 

and intentional motor control and selection (Hoffstaedter et al, 2013). However, Kohn 

et al. (2014) have shown that the MCC coactivates with several emotion generation 

and regulation areas (e.g., insula, VLPFC, SMA and thalamus). This suggests that the 

MCC serves as an intermediate unit of calling upon regulatory control from higher 

cognitive control areas (e.g., DLPFC) and relay top-down control to limbic areas. 

Taken together, these findings suggest that emotion regulation deficiencies in SZ 

patients are characterized by inefficient recruitment of multiple areas associated with 

ER, that may denote initial reappraisal efforts, but failed sustainment of regulatory 

processes. In BD patients, lack of recruitment of these intermediate units (i.e. , SMA 

and MCC) in combination with the decreased response in the VLPFC, despite 

untimely DLPFC recruitment, may contribute to a general regulation failure.   

In addition to the above-mentioned regulation areas, the right precuneus also 

showed disturbed temporal patterns in BD and SZ patients. Taking into 

consideration that the precuneus is involved in working memory (LaBar et al, 1999), 

constantly lower precuneus activation during reappraisal compared to passive 

attending in BD and SZ patients may suggest that both patient groups are disturbed 

in maintaining the reappraisal goal in working memory, associating with their 

difficulties in regulation. Indeed, disturbed working memory has been found in both 

patient groups (Glahn et al, 2006).  

Our results should be interpreted in light of some limitations. First, most 

patients were taking medication. Given the diversity of medication, it was not 

possible to control for this by standardizing the medication category and dose. 

However, medication has been reported to have little or ameliorative effects on 

functional abnormalities of emotion processing instead of worsening it (Hafeman et 

al, 2012; Phillips et al, 2008). Therefore, differences between BD and SZ patients might 
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have been obscured rather than induced by medication, but nevertheless better 

matching of the use of psychotropic medication (e.g., antipsychotics only) or 

studying drug-free populations is recommended. Second, our sample size was 

relatively small, partly due to our careful match of BD and SZ patients on insight 

scores. Replication of our findings is needed before strong conclusions can be drawn. 

Third, there was no main effect of condition (i.e., reappraise > attend negative) in the 

amygdala. This might be due to the late cueing paradigm (Ochsner et al, 2012), as the 

strongest amygdala response may be in the first moments of stimulus presentation 

(i.e., before instruction in our task) and automatic regulation processes may also play 

a role (but see Ochsner et al, 2002). Last but not least, reappraisal has shown different 

modulation effect for both positive and negative stimuli (Rive et al, 2015), whereas 

we only focused on the temporal dynamics of reappraisal of negative stimuli. 

Investigation of positive affect may further clarify the emotional disturbances in BD 

(e.g., problems with down-regulating positive affect during mania episode) and SZ 

patients (e.g., difficulty in up-regulating positive affect). Future research would be 

beneficial to shed light on this.    

Conclusion 

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

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

failure of sustaining activation in areas needed for successful reappraisal; whereas 

BD patients may have a more general deficiency in initiating reappraisal. These 

differences in emotion regulation temporal dynamics between BD and SZ patients 

might be of potential interest as disorder specific biomarkers and should be 

investigated further as markers for personalized indication for treatment.   
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Supplementary materials  

Supplementary Table S1. Medication use in patients. 

  

SZ BD 

Psychopharmacological medication     

 Antipsychotics     

  Lithium N 0 11 

  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 

  Valproic acid N 0 4 

  Venlafaxine N 3 0 

  SSRIs N 5 1 

 None  N 1 1 

Abbreviations: SSRIs, selective serotonin reuptake inhibitors; BD, bipolar patients; SZ, schizophrenia 

patients.
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Supplementary Table S2. Results from comparisons between attend 

negative>attend neutral 

Contrasts  

K BA Side 

MNI 

coordinates 

x        y        z 

Peak  

intensity 

Main effect of group               

Insula 80 48 R 42 -2 6 12.37 

Middle occipital gyrus 58 19 R 42 -74 12 11.35 

Main effect of Time               

Calcarine areas 5704 17 L -6 -82 6 17.93 

Cerebellum 170 - R 16 -72 -20 7.32 

Middle temporal gyrus 1253 37 R 50 -68 0 17.80 

Ventrolateral prefrontal cortex 240 45 L -56 24 4 8.97 

Ventrolateral prefrontal cortex 153 45 R 48 38 6 9.19 

Dorsolateral prefrontal cortex 168 46 L -46 48 6 8.77 

Dorsolateral prefrontal cortex 235 9 L -42 22 44 8.79 

Inferior parietal lobe 357 48 R 58 -30 24 12.05 

Inferior parietal lobe 367 2 L -52 -26 40 12.03 

Inferior parietal lobe 398 40 L -42 -54 56 12.24 

Middle cingulate cortex 194 24 L -6 2 38 7.59 

Interaction: Time × Group               

Cerebellum 59 - L -8 -74 -18 5.19 

Middle temporal gyrus  94 17 L -42 -62 10 6.96 

Postcentral gyrus  80 48 L -58 -22 32 5.80 

Middle cingulate cortex 109 23 L -4 -24 44 6.02 

Paracentral lobe extending to 

supplementary motor area 
80 4 L -2 -22 70 4.95 

Superior frontal gyrus extending to 

supplementary motor area 
60 6 L -18 0 70 5.28 

BD>HC: across time bins        

Insula 134 13 R 42 -2 6 4.97 

Abbreviations: BD, bipolar patients; SZ, schizophrenia patient; HC, healthy controls. 

 5 

 5 
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Supplementary figures 

Supplementary Figure S1. Temporal deviations in patients relative to HC. 

Interaction effects between group and time in SZ and HC groups were observed in (A) 

the right ventrolateral prefrontal Cortex (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. (BD, bipolar patients; HC, 

healthy controls; SZ, schizophrenia patients) 
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Supplementary Figure S2. Main effect of group from comparisons attend negative > 

attend neutral in the insula and middle occipital gyrus. (A) BD patients showed a 

heightened response in the insula during all time bins compared to SZ patients and 

HC, (B) BD and SZ patients showed increased recruitment of the middle occipital 

gyrus during time bin 3-5, while there was no recruitment in HC. 
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Supplementary Figure S3. Interaction effects between group and time from comparisons attend negative > attend neutral in the (A) 

cerebellum, (B) middle temporal gyrus (MTG), (C) postcentral gyrus, (D) mid-cingulate cortex (MCC), (E) paracentral gyrus 

extending to supplementary motor area (SMA), (F) superior frontal gyrus extending to SMA.  



127 

 

References 

Beck AT, Baruch E, Balter JM, Steer RA, Warman DM (2004). A new instrument for 

measuring insight: the Beck Cognitive Insight Scale. Schizophr Res 68: 319-329. 

Buchy L, Hawco C, Joober R, Malla A, Lepage M (2015). Cognitive insight in first-

episode schizophrenia: Further evidence for a role of the ventrolateral prefrontal 

cortex. Schizophr Res 166: 65-68. 

Buhle JT, Silvers JA, Wager TD, Lopez R, Onyemekwu C, Kober H  et al (2014). 

Cognitive Reappraisal of Emotion: A Meta-Analysis of Human Neuroimaging 

Studies. Cereb Cortex 24: 2981–2990. 

Chen G, Adleman NE, Saad ZS, Leibenluft E, Cox RW (2014). Applications of 

multivariate modeling to neuroimaging group analysis: a comprehensive 

alternative to univariate general linear model. Neuroimage 99: 571-588. 

Craig AD (2009). How do you feel--now? The anterior insula and human awareness. 

Nat Rev Neurosci 10: 59-70. 

David AS (1999). "To see oursels as others see us". Aubrey Lewis's insight. The British 

Journal of Psychiatry 175: 210-216. 

Diekhof EK, Geier K, Falkai P, Gruber O (2011). Fear is only as deep as the mind 

allows: a coordinate-based meta-analysis of neuroimaging studies on the 

regulation of negative affect. Neuroimage 58: 275-285. 

Eickhoff SB, Bzdok D, Laird AR, Roski C, Caspers S, Zilles K et al (2011). Co-

activation patterns distinguish cortical modules, their connectivity and 

functional differentiation. Neuroimage 57: 938-949. 

Frank DW, Dewitt M, Hudgens-Haney M, Schaeffer DJ, Ball BH, Schwarz NF et al 

(2014). Emotion regulation: quantitative meta-analysis of functional activation 

and deactivation. Neurosci Biobehav Rev 45: 202-211. 

Glahn DC, Bearden CE, Cakir S, Barrett JA, Najt P, Serap Monkul E  et al (2006). 

Differential working memory impairment in bipolar disorder and schizophrenia: 

effects of lifetime history of psychosis. Bipolar Disord 8: 117-123. 

Goldin PR, McRae K, Ramel W, Gross JJ (2008). The neural bases of emotion 

regulation: Reappraisal and suppression of negative emotion. Biological 

Psychiatry 63: 577-586. 

Gross JJ (2001). Emotion regulation in adulthood: Timing is everything. Current 

Directions in Psychological Science 10: 212-219. 

Gross JJ (2002). Emotion regulation: Affective, cognitive, and social consequences. 

Psychophysiology 39: 281-291. 

 5 



128 

 

Gross JJ and John OP (2003). Individual differences in two emotion regulation 

processes: Implications for affect, relationships, and well-being. Journal of 

Personality and Social Psychology 85: 348-362. 

Gross JJ and John OP (2003). Individual differences in two emotion regulation 

processes: implications for affect, relationships, and well-being. J Pers Soc Psychol 

85: 348-362. 

Hafeman DM, Chang KD, Garrett AS, Sanders EM, Phillips ML (2012). Effects of 

medication on neuroimaging findings in bipolar disorder: an updated review. 

Bipolar Disord 14: 375-410. 

Hoffstaedter F, Grefkes C, Zilles K, Eickhoff SB (2013). The "what" and "when" of self-

initiated movements. Cereb Cortex 23: 520-530. 

Kalisch R (2009). The functional neuroanatomy of reappraisal: time matters. Neurosci 

Biobehav Rev 33: 1215-1226. 

Kanske P, Schonfelder S, Forneck J, Wessa M (2015). Impaired regulation of emotion: 

neural correlates of reappraisal and distraction in bipolar disorder and 

unaffected relatives. Transl Psychiatry 5: e497. 

Kay SR, Fiszbein A, Opler LA (1987). The positive and negative syndrome scale 

(PANSS) for schizophrenia. Schizophr Bull 13: 261-276. 

Keck PE,Jr, McElroy SL, Havens JR, Altshuler LL, Nolen WA, Frye MA  et al (2003). 

Psychosis in bipolar disorder: phenomenology and impact on morbidity and 

course of illness. Compr Psychiatry 44: 263-269. 

Kemp R and David AS (1997): Insight and compliance. In: Anonymous Treatment 

compliance and the therapeutic alliance. Harwood academic publishers: Amsterdam. 

pp 61-84. 

Kohn N, Eickhoff SB, Scheller M, Laird AR, Fox PT, Habel U (2014). Neural network 

of cognitive emotion regulation--an ALE meta-analysis and MACM analysis. 

Neuroimage 87: 345-355. 

LaBar KS, Gitelman DR, Parrish TB, Mesulam M (1999). Neuroanatomic overlap of 

working memory and spatial attention networks: a functional MRI comparison 

within subjects. Neuroimage 10: 695-704. 

Lang PJ, Bradley MM, Cuthbert BN (2005). International affective picture system 

(IAPS): Technical manual and affective ratings. Technical Report A-6: 

University of Florida, Gainesville, FL. 

Livingstone K, Harper S, Gillanders D (2009). An exploration of emotion regulation 

in psychosis. Clin Psychol Psychother 16: 418-430. 

Menon V and Uddin LQ (2010). Saliency, switching, attention and control: a network 

model of insula function. Brain Struct Funct 214: 655-667. 



129 

 

Modinos G, Ormel J, Aleman A (2009). Activation of anterior insula during self-

reflection. PLoS ONE 4: 1-8. 

Modinos G, Ormel J, Aleman A (2010). Altered activation and functional connectivity 

of neural systems supporting cognitive control of emotion in psychosis 

proneness. Schizophr Res 118: 88-97. 

Morawetz C, Bode S, Baudewig J, Kirilina E, Heekeren HR (2015). Changes in 

Effective Connectivity Between Dorsal and Ventral Prefrontal Regions Moderate 

Emotion Regulation. Cereb Cortex 1-15. 

Morris RW, Sparks A, Mitchell PB, Weickert CS, Green MJ (2012). Lack of cortico-

limbic coupling in bipolar disorder and schizophrenia during emotion 

regulation. Translational Psychiatry 2: 1-9. 

Murray RJ, Schaer M, Debbané M (2012). Degrees of separation: A quantitative 

neuroimaging meta-analysis investigating self-specificity and shared neural 

activation between self- and other-reflection. Neurosci Biobehav Rev 36: 1043-1059. 

Ochsner KN, Bunge SA, Gross JJ, Gabrieli JDE (2002). Rethinking feelings: An fMRI 

study of the cognitive regulation of emotion. Journal of Cognitive Neuroscience 14: 

1215-1229. 

Ochsner KN and Gross JJ (2005). The cognitive control of emotion. TRENDS in 

Cognitive Sciences 9: 242-249. 

Ochsner KN and Gross JJ (2005). The cognitive control of emotion. Trends Cogn Sci 9: 

242-249. 

Ochsner KN, Silvers JA, Buhle JT (2012). Functional imaging studies of emotion 

regulation: a synthetic review and evolving model of the cognitive control of 

emotion. Ann N Y Acad Sci 1251: E1-24. 

Phillips ML, Drevets WC, Rauch SL, Lane R (2003). Neurobiology of emotion 

perception I: The neural basis of normal emotion perception. Biol Psychiatry 54: 

504-514. 

Phillips ML, Drevets WC, Rauch SL, Lane R (2003). Neurobiology of emotion 

perception II: Implications for major psychiatric disorders. Biological Psychiatry 

54: 515-528. 

Phillips ML, Travis MJ, Fagiolini A, Kupfer DJ (2008). Medication effects in 

neuroimaging studies of bipolar disorder. Am J Psych 165: 313-320. 

Phillips ML, Ladouceur CD, Drevets WC (2008). A neural model of voluntary and 

automatic emotion regulation: implications for understanding the 

pathophysiology and neurodevelopment of bipolar disorder. Mol Psychiatry 13: 

829, 833-57. 

 5 



130 

 

Rive MM, Mocking RJ, Koeter MW, van Wingen G, de Wit SJ, van den Heuvel OA et 

al (2015). State-Dependent Differences in Emotion Regulation Between 

Unmedicated Bipolar Disorder and Major Depressive Disorder. JAMA Psychiatry 

72: 687-696. 

Rive MM, van Rooijen G, Veltman DJ, Phillips ML, Schene AH, Ruhe HG (2013). 

Neural correlates of dysfunctional emotion regulation in major depressive 

disorder. A systematic review of neuroimaging studies. Neurosci Biobehav Rev 37: 

2529-2553. 

Rowland JE, Hamilton MK, Vella N, Lino BJ, Mitchell PB, Green MJ (2013). Adaptive 

Associations between Social Cognition and Emotion Regulation are Absent in 

Schizophrenia and Bipolar Disorder. Front Psychol 3: 607. 

Rush AJ, Trivedi MH, Ibrahim HM, Carmody TJ, Arnow B, Klein DN et al (2003). The 

16-item quick inventory of depressive symptomatology (QIDS) clinician rating 

(QIDS-C), and self-report (QIDS-SR): a psychometric evaluation in patients with 

chronic major depression. Biol Psychiatry 54: 573-583. 

Schmand B, Bakker D, Saan R, Louman J (1991). The Dutch Reading Test for Adults: 

a measure of premorbid intelligence level. Tijdschr Gerontol Geriatr 22: 15-19. 

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E et al (1998). 

The mini-international neuropsychiatric interview (M.I.N.I.): The development 

and validation of a structured diagnostic psychiatric interview for DSM-IV and 

ICD-10. J Clin Psychiatry 59(suppl 20): 22-33. 

Sridharan D, Levitin DJ, Menon V (2008). A critical role for the right fronto-insular 

cortex in switching between central-executive and default-mode networks. Proc 

Natl Acad Sci U S A 105: 12569-12574. 

Stip E, Fahim C, Liddle P, Mancini-Marie A, Mensour B, Bentaleb LA et al (2005). 

Neural correlates of sad feelings in schizophrenia with and without blunted 

affect. Can J Psychiatry 50: 909-917. 

Townsend JD, Torrisi SJ, Lieberman MD, Sugar CA, Bookheimer SY, Altshuler LL 

(2013). Frontal-amygdala connectivity alterations during emotion 

downregulation in bipolar I disorder. Biol Psychiatry 73: 127-135. 

Townsend JD and Altshuler LL (2012). Emotion processing and regulation in bipolar 

disorder: a review. Bipolar Disord 14: 326-339. 

Van der Meer L, Costafreda S, Aleman A, David AS (2010). Self-reflection and the 

brain: A theoretical review and meta-analysis of neuroimaging studies with 

implications for schizophrenia. Neurosci Biobehav Rev 34: 935-946. 



131 

 

van der Meer L, Swart M, van der Velde J, Pijnenborg G, Wiersma D, Bruggeman R  et 

al (2014). Neural correlates of emotion regulation in patients with schizophrenia 

and non-affected siblings. PLoS One 9: e99667. 

van der Meer L, van't Wout M, Aleman A (2009). Emotion regulation strategies in 

patients with schizophrenia. Psychiatry Res 170: 108-113. 

Wager TD, Davidson ML, Hughes BL, Lindquist MA, Ochsner KN (2008). Prefrontal-

subcortical pathways mediating successful emotion regulation. Neuron 59: 1037-

1050. 

Wager TD, Jonides J, Reading S (2004). Neuroimaging studies of shifting attention: a 

meta-analysis. Neuroimage 22: 1679-1693. 

Wolkenstein L, Zwick JC, Hautzinger M, Joormann J (2014). Cognitive emotion 

regulation in euthymic bipolar disorder. J Affect Disord 160: 92-97. 

Young RC, Biggs JT, Ziegler VE, Meyer DA (1978). A rating scale for mania: 

Reliability, validity and sensitivity. Br J Psychiatry 133: 429-435. 

.

 5 



 

 


