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Abstract 

Background Patients with schizophrenia often experience problems processing their 

emotions. In addition, non-affected relatives show similar difficulties although to a 

lesser extent. The purpose of this study is to examine possible differences in the 

neural basis of emotion regulation between schizophrenia patients, relatives and 

healthy controls.  

 

Method All subjects were scanned in an fMRI scanner while performing an emotion 

regulation task, containing two experimental conditions (reappraise and suppress). 

Schizophrenia patients, relatives and healthy controls (HC) were tested on the use of 

different emotion regulation strategies (ERQ) and on alexithymia (BVAQ).  

 

Results Both reappraisal and suppression yielded activation in areas associated with 

emotion regulation. Patients showed less activation than HC in the reappraisal 

strategy and less deactivation in the suppression strategy in a.o. prefrontal areas. For 

reappraisal as well as suppression relatives demonstrated increased activation in 

prefrontal areas compared to both patients and HC. Schizophrenia patients reported 

more use of the suppression strategy than HC and relatives, while the three groups 

reported similar use of reappraisal strategies. Furthermore, groups differed in their 

ability to analyze, identify and verbalize their emotions. Finally, all groups were 

equally able to down-regulate their negative affect with both regulation strategies, 

though the overall negative affect was higher for patients as well as for relatives in all 

conditions. 

 

Conclusions Our findings provide evidence for an inverted U-shaped pattern, with 

relatives showing increased activation in areas important for emotion regulation and 

patients showing less activation in designated areas. This may imply that in relatives 

efforts are made to recruit compensatory resources, while compensation mechanisms 

for patients may no longer be available, resulting in higher remaining negative affect.  
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Introduction 

Schizophrenia is a severe and complex disorder, not only characterized by cognitive 

deficits, but also by emotional processing difficulties (Phillips et al., 2003). 

Schizophrenia is a partly heritable disease and non-affected relatives of 

schizophrenia patients have shown to be impaired on a range of cognitive tasks, 

although less severe than patients (Keshavan et al., 2010; Sitskoorn et al., 2004). 

Moreover, at-risk groups demonstrate similar abnormalities in emotional processing 

as schizophrenia patients, but at an attenuated level (Phillips & Seidman, 2008). 

 This study specifically addressed the processes by which emotions are 

regulated. Emotion regulation refers to the conscious or unconscious process by 

which the emotional experience is manipulated and the subsequent expression of 

these emotions (Gross, 1998). Different emotion regulation strategies have been 

distinguished; antecedent-focused strategies and response-focused strategies. Antecedent-

focused strategies modulate the emotion generation process in an early stage, that is 

before the actual response has taken place. Response-focused strategies, on the other 

hand, modulate the emotional response in a later stage, once the emotional response 

has been generated (Gross, 1998). Many kinds of antecedent- and response focused 

emotion regulation strategies are described (Gross, 1998). However, two strategies 

commonly used in daily life lend themselves to experimental manipulation: 

reappraisal (antecedent-focused) and suppression (response-focused) (John & Gross, 

2004). 

 In reappraisal the emotional response to the meaning of an event is 

reinterpreted, such that the emotional impact is diminished. This results in an 

adjustment of the complete trajectory of the emotional response, leading towards a 

lesser experiential, behavioral and emotional response (Gross, 2002). Instead, 

suppression refers to the inhibition of emotion-expressive behavior (John & Gross, 

2004). This results in little or no change in emotional experience and increased 

sympathetic activation of the cardiovascular system (Gross, 2002). Only one study 

investigated the neural basis underlying both reappraisal and suppression as well as 

the time course of the activation (Goldin et al., 2008). They demonstrated that early in 

the regulation process reappraisal activated dorsolateral and ventrolateral prefrontal 

cortex (d & vLPFC) and dorsal anterior cingulate cortex (dACC) as well as a decrease 

of activation in the limbic areas, such as insula and amygdala. Instead, suppression 

produced less activation in prefrontal areas (medial prefrontal and inferior frontal 

regions) and increased activation in the insula and amygdala later in the regulation 

process. It was suggested that the PFC is involved in the down-regulation of the 

amygdala during reappraisal, whereas the lack of PFC activation in suppression 

resulted in maintenance or even increase in limbic areas, such as the amygdala and 

insula (Goldin et al., 2008).  

Difficulties in emotion regulation have been proposed as the underlying 

mechanism for mood and anxiety disorders (Aldao, 2010; Eftekhari et al., 2009; 

Goldin et al., 2008). Recent studies showed that patients with psychosis or 
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schizophrenia are more likely to use suppression as an emotion regulation strategy 

(Livingstone et al., 2009; van der Meer et al., 2009) and less likely to use the 

reappraisal strategy compared to healthy controls (Livingstone et al., 2009). Other 

studies did not find such a relationship (Henry et al., 2008).  

Increased use of the suppression strategy and less use of reappraisal has been 

associated with alexithymia (Swart et al., 2009). Alexithymia is a personality trait 

characterized by difficulties in describing and communicating feelings, difficulties 

differentiating emotions from bodily sensations and diminished affect-related 

fantasy (Nemiah & Sifneos, 1970). This trait has been linked to emotion regulation 

difficulties (Connelly & Denney, 2007; Taylor et al., 1997). In schizophrenia patients, 

higher alexithymia scores predicted more use of the suppression strategy, while 

lower alexithymia scores predicted increased use of the reappraisal (van der Meer et 

al., 2009). In addition, not only in schizophrenia, but also in relatives of schizophrenia 

patients higher alexithymia scores have been reported (van 't Wout et al., 2007).  

 As the liability to schizophrenia is heritable, relatives are at increased risk for 

developing the disorder, but do not have the confounds of antipsychotic medication 

and chronicity of the illness (MacDonald III et al., 2009). This makes these subjects 

particularly interesting to study as this may provide insight into the pathophysiology 

of schizophrenia and may help to identify traits that are presumably core parts of the 

vulnerability to schizophrenia.  

 To our knowledge, no research has been conducted into the neural correlates 

underlying reappraisal and suppression associated with schizophrenia and 

vulnerability for the disorder. Patients with schizophrenia and their relatives show 

structural and functional alterations in brain areas related to emotion regulation such 

as the dorsolateral PFC, the medial PFC, the ACC and amygdala (Phillips & 

Seidman, 2008). During cognitive tasks, many studies demonstrated that patients 

showed decreased brain activation in aforementioned areas as compared to control 

whereas for relatives both increased and decreased activation has been reported 

(Fusar-Poli et al., 2007). This may reflect an inverted U-shape in which relatives tend 

to show increased and patients decreased activation. This study aimed to shed more 

light on emotion regulation processes (reappraisal and suppression) in schizophrenia 

patients and first-degree relatives and, more specifically, its neural basis and 

temporal dynamics. We specifically tested the hypotheses whether a linear pattern or 

an inverted U-shaped pattern of activation between HC, relatives and patients could 

be observed. The linear pattern infers that the HC show more activation in the 

designated areas than relatives, and relatives in their turn more than patients. The 

inverted U-shaped pattern on the other hand assumes that relatives demonstrate 

increased compensatory activation in these areas as opposed to HC as well as 

patients.  
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Materials and Methods 

Subjects 

Twenty patients with a diagnosis of schizophrenia, twenty non-psychotic relatives 

and twenty healthy subjects participated in the study. Patients were selected from 

various psychiatric institutions in the Netherlands. The diagnosis of the patients was 

confirmed with a diagnostic interview, the Mini-International Neuropsychiatric 

Interview [MINI-Plus; (Sheehan, 1998)]. All non-psychotic relatives were members of 

the GROUP (Genetic Risk & Outcome of Psychosis) study and were without a history 

of psychiatric illness. All healthy subjects reported no history of psychiatric 

disorders. Groups did not differ significantly on gender (p =0.12), education (p=0.52) 

or age (p=0.51)1. All participants were screened for MRI contra-indications, and drug- 

and medication use. Behavioral data for one healthy control was not available due to 

technical errors and could thus not be included in the task related behavioral 

analyses. For the other analyses, these data were included since brain activation was 

not different from other healthy controls. Demographic and clinical characteristics 

are represented in table 1. The study was approved by the local ethics committee 

(METC UMCG) and carried out in accordance with the latest version of the 

Declaration of Helsinki. All participants provided written informed consent after the 

procedure had been fully explained prior to the experiment. 

 

Tasks and questionnaires 

Diagnosis and clinical characteristics 

The Mini-International Neuropsychiatric Interview - Plus (Sheehan, 1998) is a 

structured diagnostic interview which was used to confirm the diagnosis by the 

psychiatrist, according to the DSM-IV and ICD-10 criteria. In addition, to assess the 

clinical characteristics in the past week, the semi-structured interview Positive and 

Negative Syndrome Scale [PANSS; (Kay et al., 1987)] was conducted in all patients.  

 

Bermond-Vorst Alexithymia Questionnaire 

The BVAQ (Vorst & Bermond, 2001) is a 40-item self-report scale for alexithymia and 

contains five subscales (eight items per scale), verbalizing, analyzing, identifying, 

emotionalizing and fantasizing (Nemiah & Sifneos, 1970). Answers are rated on a 5-

point scale (1=certainly does not apply to me, up to 5= certainly applies to me). 

Higher scores indicate more pronounced alexithymic characteristics. Examples of 

questions in the BVAQ are: 1) When I am upset, I know whether I am scared, sad or 

angry (Identifying); 2) I hardly reflect on my emotions (Analyzing); 3) I find it 

difficult to verbally express my feelings (Verbalizing); 4) I hardly daydream or  

                                                
1 Group differences on gender and education (not normally distributed) were tested with a chi-square test. Age was compared 

between groups with an analysis of variance (ANOVA).  
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fantasize (Fantasizing); 5) When something completely unexpected occurs, I remain 

calm and unmoved (Emotionalizing). Previous studies have repeatedly confirmed 

the five factor structure for the BVAQ and showed that the BVAQ has good 

psychometric characteristics (Vorst & Bermond, 2001). Furthermore, Bermond and 

colleagues distinguish between a cognitive component and a emotional component. 

The former encompassing the identifying, verbalizing and analyzing subscales, the 

latter the emotionalizing and fantasizing subscales (Bermond et al., 2007). The items 

Table 1. Demographic information and questionnaire results  

Variable Controls (N=20) 

Mean ± SD 

Relatives (N=20) 

Mean ± SD 

Patients (N=20) 

Mean ± SD 

Demographic information    

Age (years) 35.5 ± 11.7 32.6 ± 8.6 36.2 ± 10.6 

Gender (n male) 13 11 17 

Education 5.9  ± 0.9 6.0 ± 0.8 5.6 ± 1.1 

Illness onset (age) n.a. n.a. 24.7 ± 8.1 

PANSS positive n.a. n.a. 14.7 ± 5.4 

PANSS negative n.a. n.a. 14.7 ± 4.1 

PANSS general n.a. n.a. 29.9 ± 7.7 

Medication (n) none none Aripiprazole (7) 

Citalopram (3) 

Clomipramine (1) 

Clozapine (2) 

Fluoxetine (2) 

Haldol (1) 

Mirtazapine (1) 

Olanzapine (9) 

Oxazepam (3) 

Paroxetine (1) 

Perphenazine (1) 

Quetiapine (3) 

Risperidone (1) 

Temazepam (1) 

Venlafaxine (1) 

Tasks and questionnaires    

ERQ    

     Reappraisal 5.0 ± 1.0 4.6 ± 1.0 4.6 ± 1.1 

      Suppression 2.9 ± 1.2 3.1 ± .09 3.8 ± 1.2 

    
BVAQ    

     Analyzing 20.1 ± 5.7 18.0 ± 4.1 24.3 ± 2.8 

     Identifying 20.3 ± 7.2 14.6 ± 3.6 21.2 ± 3.3 

     Verbalizing 23.2 ± 5.6 21.8 ± 5.2 25.1 ± 3.8 

     Emotionalizing 21.4 ± 3.4 22.1 ± 5.7 23.1 ± 5.5 

  Fantasizing 22.6 ± 5.9 21.5 ± 5.6 23.7 ± 4.0 

Cognitive component 63.6 ± 17.1 54.4 ± 8.9 70.6 ± 3.7 

Emotional component 43.9 ± 6.9 43.6 ± 9.0 46.8 ± 8.9 

    
Rating Emotion Regulation    

    Attend negative 2.3 ± 0.5 2.6 ± 0.6 2.8 ± 0.6 

 Reappraise 1.9 ± 0.6 2.2 ± 0.5 2.4 ± 0.7 

   Suppress 2.1 ± 0.6 2.5 ± 0.6 2.4 ± 0.6 

    Neutral 1.2 ± 0.2 1.1 ± 0.1 1.3 ± 0.2 
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in the cognitive component of the BVAQ are highly correlated (r=0.80) with the 

Toronto Alexithymia Scale (Vorst & Bermond, 2001; Zech et al., 1999). 

 

Emotion regulation questionnaire 

The self-reported use of the emotion regulation strategies reappraisal and 

suppression, was assessed with the Dutch translation of the Emotion Regulation 

Questionnaire [ERQ; (Gross & John, 2003)]. The ERQ consists of ten items, four items 

measuring suppression (e.g. I keep my emotions to myself) and six items measuring 

reappraisal (e.g. When I want to feel more positive emotion, I change the way I'm 

thinking about the situation). Subjects rated on a 7-point scale (strongly disagree - 

strongly agree) to what extent the statements applied to them. The ERQ is a reliable 

and valid measure of emotion regulation [Cronbach’s alpha of 0.79 for reappraisal 

and 0.73 for suppression (Gross & John, 2003)]. To assess the relationship between 

both strategies, total scores of both subscales were divided by the number of items 

per subscale to calculate the score per subscale. 

 

Emotion Regulation task 

The emotion regulation task was adapted from Ochsner et al. (2002) and was 

programmed and executed in E-Prime (Schneider et al., 2002). Stimuli were 

emotional pictures, extracted from the International Affective Picture System [IAPS; 

(Lang et al., 1997)]. The task consisted of four conditions: attend neutral, attend 

negative, reappraise and suppress, each containing 22 trails. Valence and arousal 

ratings for the negative conditions were matched. Each trial (see figure 1) was 

constructed as follows.  

 

 

 

 

 

 

 

 

 

 

 

 

 

First, a picture was presented for two seconds with the instructions just to ‘look’ at 

the picture. Subsequently, the subject was instructed to either ‘reappraise’, ‘suppress’ 

or ‘attend’ the picture for four seconds. When asked to reappraise, subjects should 

reinterpret the picture in such a way that its negativity decreased and thus make it 

less emotionally disturbing (e.g. a picture of a severe car accident then becomes a car 

Figure 1.  Experimental design for a single trial. The tasks consisted of 110 trials (22 neutral and 88 negative). A 

single trial lasted 15.5 seconds. Every 9 or 10 trials were followed by a fixation cross of 20 seconds. 
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accident in which only superficial damage was done and no one was injured). 

Suppressing a picture required the subject to suppress the emotion elicited by the 

picture. One way to do so was to keep a poker face, so that their emotions could not 

be read by their expression. Instructions for ‘attend’ were simply to look at the 

picture and not change the emotions they were feeling. This instruction was the same 

for the neutral condition and the negative condition. Following the regulation a black 

screen was presented for two seconds to let the emotions linger. Then, subjects were 

asked to rate how negative they felt at the moment of rating (three seconds), so after 

applying the emotion regulation strategy. Finally, the word ‘relax’ was presented for 

four seconds where subjects could relax, followed by a black screen (0.5 seconds) to 

alert participants that the next trial was coming. Each trial had a duration of 15.5 

seconds. Fourteen rest blocks were included in which only a fixation cross was 

presented for 20 seconds. 

Prior to the fMRI scan each subject received training to ensure a complete 

understanding of the task. During this training the subjects practiced the different 

strategies on negative pictures by telling the researches how they would apply the 

strategy.  

 

Data acquisition 

FMRI data was acquired using a 3.0 Tesla whole body scanner equipped with a 

SENSE head coil (Philips Intera, Best, NL). The functional images were acquired by a 

T2-weighted echo producing 37 slices of 3.5 mm thick with no gap and the images 

were slightly tilted (30 degrees) to prevent artifacts due to the nasal cavities. The 

functional scans were made in the axial plane (TR = 2 s; TE = 30 s; flip angle (α) 70º; 

FOV = 224.0, 129.5, 224.0; in-plane resolution 64x62 pixels; isotropic voxels of 3.5 mm) 

and were scanned interleaved. For anatomical reference, a T1-weighted image (170 

slices; isotropic voxels of 1 mm; TR 9 ms; TE 3.54 ms; α 8º ; FOV 256 mm) was 

acquired in the bicommissural plane, covering the whole brain.  

 

Statistical analyses 

Behavioral analyses 

The behavioral data was analyzed using SPSS 16 (SPSS Inc., Chicago, IL, USA). Two 

separate ANOVAs were performed for the Reappraisal and Suppression subscales of 

the Emotion Regulation Questionnaire with Group as dependent variable. BVAQ 

scores were analyzed with two separate MANOVAs, one for the cognitive 

component (subscales verbalizing, identifying and analyzing) and one for the 

emotional component (subscales emotionalizing and fantasizing). Subscales were 

entered as independent variables and Group as dependent variable. Pairwise 

comparisons were subsequently executed to examine the results in more detail.  

For the emotion regulation task, the degree of negative affect (rating) and the 

reaction times (RT) of the rating were analyzed with two separate repeated measures 

ANOVAs one for rating and one for RTs with Condition (attend neutral, attend 
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negative, reappraise and suppress) as within-subject variables and Group as 

between-subject factor.  

To investigate whether alexithymia and success of down-regulation were 

related, both BVAQ components were correlated with success rate of reappraisal and 

suppression. Ulcerate was calculated as follows: 100 – [(rating score of reappraisal / 

rating score of attend negative)*100]. In case of a significant correlation between a 

BVAQ component and success rate, this relationship was decomposed by computing 

subsequent correlations between the subscales of the component and the success rate. 

For all the statistical analyses significance level was set to p < .05 two-tailed. 

 

FMRI analyses 

The fMRI data was converted in MRI-cro (from Philips PAR to Analyze) before 

analysis with Statistical Parametric Mapping (SPM 5) (www.fil.ion.ucl.ac.uk) in 

Matlab 7 (The MathWorks Inc., Natick, MA, USA). Orientation of the functional 

images was adjusted by hand, based on the anatomical image. Subsequently, data 

were preprocessed by applying slice timing correction, realignment and 

coregistration. Coregistrations were controlled manually for each subject to ensure 

correct coregistration. Functional images were spatially normalized on the basis of 

the MNI (Montreal Neurological Image) T1 template. Finally, the images were 

smoothed with a 3D isotropic 10 mm full-width/half-maximum (FWHM) Gaussian 

Kernel.  

At a first level, sixteen regressors were modeled with a boxcar function 

convolving a hemodynamic response function. The regressors view and relax were 

subdivided into neutral and negative, while the regressors condition, linger and 

rating were subdivided into reappraise, suppress, attend negative and neutral. For 

each participant, five contrasts were defined 1) view negative versus view neutral 2) 

attend neutral versus fixation 3) attend negative versus fixation 4) reappraise versus 

fixation and 5) suppress versus fixation. 

First, to verify whether our emotional stimuli induced negative affect, the 

contrast images of the healthy controls of the (view negative > view neutral) contrast 

were entered into a random effects analysis. Second, the contrast images of attend 

negative, reappraise and suppress were entered into a full-factorial model (3 x 3 

ANOVA) with Group (HC, relatives, patients) and Condition (attend negative, 

reappraise, suppress) as factors. To validate the task, activation for the regulation 

conditions were examined in HC only with the contrasts (reappraisal > attend 

negative) and (suppression > attend negative). All analyses for HC only were 

thresholded at p<0.001, k> 20 with a family wise error (FWE) correction at cluster 

level of p<0.05 to correct for multiple comparisons. Furthermore, a region of interest 

analysis was performed to test the amygdala response to negative affect with the 

contrast (view negative > view neutral). To this end, an anatomical mask was created 

in the WFU-pickatlas toolbox. The threshold was set at p < 0.05 and k > 10. 

Subsequently, group differences were examined with the T-contrasts (reappraisal > 
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attend negative) and (suppression > attend negative). Since the group comparisons 

were tested two-sided the threshold was set to p < 0.0005, k>20 with a family wise 

error (FWE) correction at cluster level of p<0.05. To test whether the pattern of 

activation for the three groups followed either a linear or a U-shaped pattern, 

conjunction analyses were performed for both the T-contrasts (reappraisal > attend 

negative) and (suppression > attend negative). For the linear pattern, the T-contrasts 

[(HC > relatives) and (relatives > patients)] were selected and thresholded at p < 

0.001. For the inverted U-shaped pattern the contrasts [(relatives > HC) and (relatives 

> patients)] were selected and thresholded at p < 0.001. The former examined which 

areas show more activation for the HC compared to both other groups, while the 

latter examined which areas show more activation for the relatives compared to both 

other groups.  

 

Results 

Behavioral data 

Demographic data, BVAQ and ERQ scores and ratings for the emotion regulation 

task are represented in table 1.  

 

Emotion regulation questionnaire  

With regard to ERQ ratings, significant group differences were found for the 

suppression subscale (p=0.046), but not for the reappraisal subscale (p=0.466). 

Pairwise comparisons revealed that patients make significantly more use of the 

suppression strategy than healthy controls (p=0.019). Relatives reported scores in 

between patients and HC and did not differ from both groups on the use of the 

suppression strategy. 

 

Alexithymia  

Exploring the BVAQ subscales in healthy controls only did not reveal a significant 

correlation between the emotional and cognitive component, which proved that both 

subscales are independent and a subdivision between both components is warranted. 

With regard to the cognitive component a significant main effect for group was 

found [F(6,108)=5.062, p<0.0001]. Pairwise comparisons revealed a higher analyzing 

score for patients compared to relatives (p<0.0001) and HC (p=0.005), while relatives 

did not differ from HC (p=0.141). Higher identifying scores were also found for 

patients compared to relatives (p<0.0001), but not compared to controls (p=0.585). 

Relatives scored significantly lower than HC on identifying (p=0.001). Finally, 

patients scored higher on the verbalizing component compared to relatives (p=0.040), 

but not compared to HC (p=0.227). Relatives did not differ from HC on the 

verbalizing component (p=0.392). A similar analysis for the emotional component did 

not reveal any group differences (p=0.635).  
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Emotion regulation task 

Ratings for the emotion regulation task are presented in table 1 and visualized in 

figure 2. To ensure that no a priori differences in negative affect were present that 

may influence affect ratings for the emotion regulation task, group differences for 

Positive Affect and Negative Affect Scale [PANAS; (Watson et al., 1988)] scores were 

assessed. No significant group differences for positive affect (PA; p=0.308) nor for 

negative affect (NA; p=0.137) were found. A significant main effect was found for 

condition (neutral, attend negative, reappraise and suppress) [F(3,54)=127.67, 

p<0.0001]. Pairwise comparisons demonstrated that all ratings for conditions were 

significantly different (maximum p=0.020). Furthermore, a main effect for group 

(patients, relatives and HC) was found [F(2,56)=5.619, p=0.006]. Pairwise 

comparisons showed that patients did not differ significantly from relatives 

(p=0.270), but rated stimuli significantly more negative than HC (p=0.002). Similarly, 

relatives rated stimuli significantly  

more negative than HC (p=0.032). Finally, no group x condition interaction could be 

demonstrated [F(6,110)=1.3, p=0.260]. Thus, while patients and relatives showed 

significantly higher negative ratings than HC, all groups seemed to have been able to 

regulate their negative affect with both the reappraisal and the suppression strategy 

to some extent.  

Analysis of the reaction times of the rating revealed a significant main effect of 

condition [F(3,54)=4.184, p=0.010] as well as a significant main effect of group 

[F(2,56)=12.069, p< 0.0001]. Moreover, a significant group x condition interaction was 

demonstrated [F(6,110)=2.977, p=0.010]. Decomposing the interaction revealed that 

for the neutral stimuli, patients responded significantly slower than HC (p<0.0001) 

and relatives (p=0.001), whereas relatives responded equally fast as HC. For the 

attend negative condition, patients also responded significantly slower than HC 

(p=0.014) and relatives (p<0.0001), and did the relatives not differ in response speed 

from HC. In the regulation conditions, this pattern was different. For the reappraise 

condition, patients tended to respond slower than HC (p=0.056), but were 

significantly slower than relatives (p<0.0001). Relatives on the other hand were 

significantly faster than HC (p=0.036). A similar pattern was observed for the 

suppress condition. Reaction times for patients did not differ significantly from HC 

(p=0.468), but patients were significantly slower than relatives (p=0.001). Finally, 

relatives responded significantly faster than HC on the suppress condition (p=0.009). 

Thus patients were always slower than relatives, but only in the non-regulation 

conditions slower than HC. Furthermore, relatives were only faster than HC in the 

regulation condition and not in the non-regulation conditions.  

 

Alexithymia and emotion regulation 

To investigate whether alexithymia is related to regulation success, correlations were 

computed between the cognitive component (i.e. the sum of the verbalizing, 

analyzing and identifying subscales) and emotional component (i.e. the sum of the 
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Figure 2. Affective ratings for the emotion regulation task per condition. Lines represent the three 

groups separately.  
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emotionalizing and fantasizing subscales) of the BVAQ and regulation success for 

reappraisal and suppression. This revealed a significant correlation between the 

cognitive component and regulation success for reappraisal (r=-0.258; p=0.05). 

Decomposing this correlation for the individual subscales of the cognitive 

component showed that only the verbalizing subscale was significantly related to 

regulation success for reappraisal (r=- 0.3; p=0.02). In addition, we investigated the 

relationship between alexithymia and reaction times for the rating of negative affect. 

Significant correlations were found for the cognitive component and RT-attend 

negative (r=0.37; p<0.004), RT-reappraise (r=0.37; p=0.005) and RT-suppress (r=0.395; 

p=0.002), but not for the RT-neutral. When these relationships were assessed in more 

detail in the underlying subscales, significant relationships for RT-attend negative, 

RT-reappraise and RT-suppress were observed for identifying (r=0.404, p=0.002; 

r=0.3237, p=0.013; r=0.366, p=0.005, respectively) and analyzing (r=0.388, p=0.03; 

r=0.447, p<0.0001; r=0.406, p=0.002, respectively) only. These correlations imply that 

the better the verbalization, the higher the success rate of down-regulation for the 

reappraisal strategy. Furthermore, the correlations between analyzing and 

identifying and the reaction times for the emotional conditions imply that the better 

one can analyze and identify the emotion, the faster one can respond and decide how 

negative the current affect is. Finally, a correlation between the ERQ subscales and 

the cognitive component revealed a significant correlation (r=0.299, p=0.02). 

Decomposing this correlation revealed that higher verbalizing scores were related to 

more use of the suppression strategy (r=0.406, p=0.002). No significant correlations 

between the ERQ subscales and the emotional component were detected.  

 

 

 

 

 

 

 

 

 

 

 

 

Imaging results 

The region of interest analysis in the bilateral amygdala for the contrast (view neg > 

view neutral) demonstrated increased activation for the negative pictures [left 
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amygdala: -16, -4, -16 T=2.24 (k=14; p=0.013); right amygdala: 26,-6,-14 T=1.79 (k=10; 

p=0.037)]. Furthermore, to test whether the paradigm yielded the expected activation 

in regions previously reported in the literature, we examined activation patterns in 

HC only for the contrasts (reapp > attend neg) and (suppress > attend neg). Most 

importantly, the contrast (reappraise > attend negative) yielded activation in the 

dorsolateral and ventrolateral prefrontal cortex (d & vLPFC) bilaterally, the 

dorsomedial prefrontal cortex [dMPFC; including, anterior cingulate cortex (ACC) 

and superior frontal gyrus (SFG)], the inferior parietal lobe (IPL) bilaterally and the 

precuneus. The contrast (suppress > attend negative) yielded activation in the 

bilateral inferior frontal gyrus (IFG; extending to the anterior insula) and in the 

dMPFC. In tables S1 and S2 peak activations are listed for all contrasts. Figure 3A 

depicts brain activation patterns for the HC only.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reappraisal 

With regard to group differences, we first tested differences between HC and 

patients, since we had explicit expectations concerning this comparison. The first 
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contrast of interest was (reappraise > attend negative). This revealed more activation 

for the HC group in the bilateral IFG, dMPFC, and IPL and the left anterior insula. 

The reverse comparison, patients vs. HC, did not reveal any difference of activation 

in areas of interest (see figure 3B and table S1 for all peak activations). Furthermore, 

we tested the hypotheses whether a linear pattern or an inverted U-shaped pattern of 

activation between HC, relatives and patients could be observed (see figure 3C and 

table S3 for all peak activations). Should the activation follow a linear pattern, one 

would expect that the HC show more activation than relatives, and relatives in their 

turn more than patients. Instead, activation that follows an inverted U-shaped 

pattern would suggest that relatives demonstrate increased activation as opposed to 

HC as well as patients. We demonstrated that the conjunction analysis for the 

(reappraise > attend negative) contrast did not follow a linear pattern. Even if the 

threshold was lowered to p<0.05, to discover insignificant trends, no activation 

patterns could be observed. Instead we observed an inverted U-shaped pattern for 

the (reappraise > attend negative) contrast for the activation in the dMPFC, PCC, left 

dLPFC and the bilateral IPL. 

 

Suppression 

Comparing the contrast (suppress > attend neg), did not reveal any significant 

regions that were more active for HC as compared to patients. However, the reverse 

contrast did reveal more activation for patients than for HC in the right STG 

extending into the posterior insula, and the cingulate gyrus. More detailed 

investigation of this activation pattern revealed that the activation actually 

represented less deactivation in patients for the suppress condition. This was the case 

for all presented activations (see figure 3B and table S2 for all peak activations).  The 

conjunction analysis, as described above, for (suppress > attend negative) did not 

reveal  a linear pattern of activation. Even if the threshold was lowered to p<0.05, to 

discover insignificant trends, no activation patterns could be observed. Instead the 

activation pattern followed an inverted U-shape revealing increased activation for 

relatives compared to both the HC and the patients in the dMPFC (see figure 3C and 

table S3 for all peak activations). 

 

Discussion 

This study is the first to investigate the neural basis of emotion regulation in 

schizophrenia patients and first-degree relatives. Most importantly, for reappraisal as 

well as suppression relatives demonstrated increased activation in designated areas 

compared to both patients and HC. In contrast, patients showed less activation than 

HC in the reappraisal strategy in the bilateral vLPFC and IPL, the dMPFC and the 

left anterior insula. In addition, patients showed less deactivation of the right STG, 

posterior insula and the dACC for the suppression strategy. Thus, for both the 
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reappraisal and suppression strategy activation patterns between groups follow an 

inverted U-shaped pattern.  

All groups were able to down-regulate their negative affect to some extent by 

using either reappraisal or suppression. However, despite the ability to reduce the 

negative affect, patients showed higher overall negative affect compared to HC in all 

conditions, consistent with earlier reports (Cohen & Minor, 2010; Curtis et al., 1999), 

while relatives showed intermediate negative affect ratings. With regard to the 

behavioral results, schizophrenia patients reported more use of the suppression 

strategy and equal use of the reappraisal strategy compared to HC, consistent with 

earlier findings (Livingstone et al., 2009; van der Meer et al., 2009). Relatives reported 

scores in between both patients and HC with regard to how often they reported to 

use the suppression strategy. Furthermore, in accordance with previous results, we 

found that groups differed on the cognitive component of alexithymia (van der Meer 

et al., 2009). Specifically, difficulty identify one’s emotions was most pronounced in 

patients.  

Furthermore, we demonstrated that the ability to verbalize emotions was 

positively related to successful down-regulation of negative affect through 

reappraisal. The opposite was found for the suppression strategy, which was 

negatively related to the ability to verbalize. Finally, we demonstrated that the ability 

to identify and analyze emotions was positively related to faster responses in the 

rating of negative affect in all emotional conditions.  

 

Emotion regulation and the brain 

Negative pictures yielded activation in the bilateral amygdala, which in combination 

with the negative affect ratings confirms that the negative stimuli in our experiment 

indeed induced negative affect. Furthermore, reappraising negative stimuli activated 

similar areas as reported in previous studies, namely dLPFC and vLPFC bilaterally, 

the dMPFC and ACC, SFG, bilateral IPL and the precuneus (Goldin et al., 2008; 

Ochsner et al., 2002; Urry et al., 2006; Wager et al., 2008). In addition, suppression of 

negatively valenced stimuli induced activation in the bilateral IFG and anterior 

insula as well as the dMPFC, which is in accordance with the one other study that 

investigated the neural basis of this particular emotion regulation strategy (Goldin et 

al., 2008). 

 

Reappraisal  

Schizophrenia patients 

Most importantly, schizophrenia patients demonstrated less activation in the vLPFC 

(including the IFG, extending to the anterior insula) and dMPFC. These areas have 

been related to cognitive control and emotion regulation and were shown to be less 

activated in schizophrenia patients (Minzenberg et al., 2009; Ochsner et al., 2002). 

Additionally, the anterior insula has been related to emotional processing and 

emotional awareness (Craig, 2009). Wylie et al. (2010) demonstrated decreased 
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anterior insula activation in the processing of emotion stimuli in schizophrenia 

patients, which is consistent with the current findings. The IFG has been related to 

mentalizing abilities (Carrington & Bailey, 2009) and more specifically to inhibitory 

control processes underlying mentalizing (chapter 2 of this thesis). The IFG has 

strong anatomical connections with ventrolimbic areas (Petrides & Pandya, 2002), 

which are of crucial importance in emotional processing (Price & Drevets, 2010). In 

patients with schizophrenia, less efferent and afferent anatomical connections have 

been found for the IFG and insula (Skudlarski et al., 2010). This may have important 

implications for the cognitive control of emotions and may result in less down-

regulation for negative stimuli in these patients as demonstrated in the current study. 

Finally, a relationship between the ability to regulate negative autobiographical 

information has been related to amongst others the dMPFC and the IFG (Kross et al., 

2009). Phillips et al. (2003) discussed the dysregulation of emotions in schizophrenia 

and suggested an imbalance in the down-regulation process in these patients. The 

lack of differential activation in the dLPFC suggests that cognitive control is still 

exerted. The finding that patients did activate the vLPFC and dMPFC, both involved 

in the cognitive control of emotions (Goldin et al., 2008; Ochsner et al., 2002) as well 

as the down-regulation of the amygdala (Moses-Kolko et al., 2010; Wager et al., 2008) 

suggests that at least some down-regulation of negative affect has been exerted. 

However, even though patients recruited the necessary brain areas for down-

regulation, they did so to a lesser extent. Perhaps the lower anatomical connectivity 

in, amongst others, the vLPFC and insula (Skudlarski et al., 2010) impedes the down-

regulation of negative affect, resulting in a higher remaining negative affect. These 

findings are consistent with Kring and Neale (1996), who suggested that patients 

may show similar or even stronger emotional reactivity compared to healthy 

subjects. The lack of differences in amygdala activation may be due to the relatively 

late occurrence of such down-regulation as was demonstrated by Goldin et al. (2008) 

Future studies should aim to investigate the time course of the regulation processes. 

Such more detailed analyses may reveal more specific differences in the nature of the 

down-regulation process between groups.  

In sum, the regulation success in the behavioral results combined with the 

decreased activation in emotion regulation areas suggests that patients may be able 

to employ the reappraisal strategy in a standardized setting. That is, when they have 

limited contextual information and have been trained how to apply such a strategy. 

However, we hypothesize that in a more complex social setting, cognitive control 

and working memory capacity may be more challenging, resulting in less successful 

down-regulation of negative affect.  

 

Relatives 

The pattern of activation that was found for the relatives showed increased activation 

in the left dLPFC, dMPFC, PCC, and bilateral IPL. These areas were involved in the 

process of emotion regulation in both other groups, but to a lesser extent. For 
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relatives, only one fMRI study has been published on the neural basis of emotion 

processing (Habel et al., 2004). In this study, patients and relatives showed reduced 

amygdala activation upon the induction of sad mood states. In the current design, 

negative emotions were induced and had to be down-regulated. The increased 

activation during this down-regulation process points towards the employment of 

more resources in relatives. This may reflect compensatory mechanisms in relatives, 

that have been reported before for cognitive control (MacDonald III et al., 2009). Such 

compensatory mechanisms may be sufficient for applying reappraisal strategies in an 

experimental setting. Gibson et al. (2010) demonstrated that high risk individuals 

who had no difficulties in understanding the beliefs and intentions of others (Theory 

of Mind) did show impairments in a more complex social task in which they were 

asked to audition for a new reality show (High-Risk Social Challenges task). These 

results demonstrated that increasing the number of social cues and a higher level of 

social interaction seems to be more difficult for high risk individuals. Thus, in more 

complex situations, such compensatory mechanisms may not suffice and for patients 

may not even be available at all. Such an interpretation is supported by the findings 

of other studies in which sometimes increased and sometimes decreased brain 

activation is demonstrated in high risk individuals, while for first episode patients 

mostly decreased activation is reported in frontal areas (Fusar-Poli et al., 2007). In the 

current study, the increased activation in relatives is accompanied by higher negative 

affect ratings than HC, but lower than patients (ns). Thus, even though they may be 

able to somewhat compensate by the employment of increased resources, this does 

not seem to suffice. Alternatively, the involvement of more resources in an early 

phase of the regulation process may point towards a different time course for the 

regulation of emotions for relatives. However, such a hypothesis would need further 

investigation.  

 

Suppression 

Schizophrenia patients 

To date only one study has investigated the use of the suppression strategy while 

measuring brain activation (Goldin et al., 2008). In the current study, schizophrenia 

patients seemed to show increased activation in regions implicated in the 

suppression of emotional stimuli compared to HC; the right superior temporal gyrus, 

the posterior insula, the dMPFC and the dACC. However, more detailed inspection 

revealed that in fact patients deactivated these regions less. That is, HC deactivated 

the posterior insula and dMPFC /ACC regions when they suppressed negative 

emotions, whereas for patients, particularly in the posterior insula no deactivation 

took place. The posterior insula is involved in multimodal somatosensory processing 

(Craig, 2002). Lesions of the posterior insula have shown to induce distortions in the 

recognition of sensory input and even to impaired self-conceptions (Baier & Karnath, 

2008). It may be that the emotional sensory input must be inhibited for proper 

suppression of the stimuli, thus must be deactivated. Even though patients did 
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report less negative affect after suppression the negative affect was still higher than 

in HC, suggesting that patients are not able to reduce their negative affect to the level 

of HC.  

A similar interpretation can be presented for the lack of deactivation for the 

dACC. Activation in the dACC has been related to emotional awareness (Lane et al., 

1998a). When suppressing emotional affect, we suggest that emotional awareness of 

the stimulus is not desirable and thus this area should be deactivated. The finding 

that patients did not deactivate this area when trying to suppress emotions, may 

result in an increased subjective emotional experience for the negative stimuli 

compared to HC. Other areas important in the suppression of emotional stimuli and 

inhibitory control, such as the anterior insula and the vLPFC, including the IFG. The 

lack of significant differences between patients and HC in activation in this area 

during suppression, suggests that both groups were able to elicit the necessary 

inhibitory control. However, the decreased anatomical pathways between the IFG 

and the insula in patients (Skudlarski et al., 2010), may suggest that such inhibitory 

control does not result in deactivation of the posterior insula. Such an interpretation 

is supported by the behavioral findings in which we demonstrated that patients do 

reduce negative affect in suppression, but are not able to reduce their negative affect 

to the level of HC.  

 

Relatives 

We demonstrated that one region in relatives is more activated for suppression 

compared to both other groups, namely the dMPFC. Goldin et al. (2008) reported a 

similar region within the dMPFC for suppression and suggested that this activation 

may be due to the inhibitory role of the dMPFC on the amygdala in line with other 

studies (Moses-Kolko et al., 2010). The increased activation in relatives suggests that 

these individuals need to compensate this inhibitory function to down-regulate the 

negative affect. If this is indeed the case, one would expect less anatomical and/of 

functional connectivity between the dMPFC and the amygdala. Future studies 

should further investigate such a hypothesis.  

 

Inverted U-shape 

For both suppression and reappraisal, we observed increased activation for the 

relatives in the designated areas, while decreased activation was found for patients. 

This pattern followed an inverted U-shape, with HC in the middle. Although all 

groups were able to down-regulate negative affect to some extent, it remained higher 

in both patients and relatives. We suggest that patients cannot recruit the required 

brain areas to such extent that the negative affect is down-regulated to the level of 

the HC. The intermediate negative affect of the relatives for the regulation condition 

in combination with the increased brain activation suggests that these increased 

activations may reflect a compensatory mechanism. This allowed relatives to down-

regulate their negative affect seemingly better than patients, but not to the extent of 
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the HC. Thus, the compensation mechanism did not seem to suffice. We propose that 

for proper social functioning relatives induce more resources as a default, which in 

some cases may be useful, while in other situations is deemed to be unnecessary. 

Since all groups were able to reduce negative affect, reappraisal and suppression 

may have been more efficient for relatives due to the employment of a compensatory 

mechanism which resulted in faster reaction times for the rating.  

 

Limitations and directions for future research 

All included subjects were able to reappraise and reported to be able to suppress. For 

reappraisal the subjects received training prior to scanning, until they completely 

understood the task and were able to give an alternative interpretation for the 

presented picture. However, the ability to suppress was hard to verify, thus we had 

to rely upon the self-report of the subject. Furthermore, while HC and relatives were 

medication free, patients did use medication. This could have influenced activation 

patterns in patients.  

 Future studies should investigate the time-course of the activation for both 

suppression and reappraisal. This would provide more detailed information with 

regard to the temporal dynamics of the activation patterns between groups.  

 

Conclusion 

The current study demonstrated that emotion regulation induces more activation in 

relatives, but less activation in patients compared to HC. Reappraisal induced less 

activation in anterior insula, vLPFC, and dMPFC in patients, but more activation in 

the left dLPFC, dMPFC, PCC, and bilateral IPL in relatives. A similar pattern of 

activation between groups was found for suppression in which patients showed less 

deactivation in right STG, posterior insula, dMPFC and dACC , but relatives showed 

more activation in the dMPFC. We suggest that in order to down-regulate negative 

affect, relatives recruit compensatory resources. However, even though this seemed 

to reduce negative affect more than in patients, it did not suffice for a reduction of 

negative affect to the extent of HC. The decreased activation for patients suggests 

that compensatory mechanisms are no longer available, resulting in higher negative 

affect ratings compared to HC. 
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Supplementary Material 

Table S1. fMRI results for the contrast Reappraisal > Attend Negative 
     Coordinates 
Region of activation Hemisphere N voxels T-score Z-score x y z 

HC only        

   Inferior  / middle frontal gyrus  L 4099 7.96 7.31 -52 22 6 
(v & d LPFC)   7.02 6.57 -38 24 -8 
   5.61 5.36 -52 30 24 
   Superior frontal gyrus (dMPFC) L 3109 7.73 7.15 -6 20 56 
   6.01 5.71 -8 26 62 
   5.68 5.43 -4 30 46 
   Inferior frontal gyrus (vLPFC) R 1574 5.84 5.57 58 28 28 
   5.70 5.44 40 20 -12 
   4.72 4.57 52 30 12 
   Superior temporal gyrus L 997 5.18 4.99 -46 -46 30 
   4.67 4.52 -62 -66 18 
   4.43 4.31 -62 -64 26 
 R 678 5.08 4.90 48 -54 28 
   4.24 4.13 64 -56 26 
   3.72 3.65 56 -58 12 
   Inferior temporal gyrus R 182 4.62 4.48 66 -26 -26 
   4.39 4.27 60 -34 -24 
   4.05 3.95 48 -22 -30 
   Medial temporal gyrus L 119 4.11 4.01 -68 -42 -10 
   3.91 3.82 -60 -36 -4 
   Middle temporal gyrus (dLPFC) R 20 3.73 3.65 54 0 -26 
   Medial temporal gyrus R 20 3.43 3.37 52 -30 -4 
   Precuneus R 131 4.12 4.02 14 -56 34 
   3.46 3.39 2 -62 40 
   Middle occipital gyrus R 47 3.70 3.63 36 -82 -16 

Midbrain L/R 717 4.33 4.22 2 -18 -14 
   4.31 4.19 -14 -2 0 
   3.97 3.88 6 -34 -12 
   Medial cerebellum, pyramis R 40 3.64 3.57 10 -86 -38 
   Posterior cerebellum R 20 3.46 3.40 4 -58 50 

HC > Patients        

   Superior frontal gyrus (dMPFC) L/R 127 4.78 4.62 -8 28 62 
   3.70 3.62 -6 20 56 
   3.58 3.51 8 32 62 
   Inferior frontal gyrus (vLPFC) / L 101 4.41 4.28 -38 22 -4 
   Middle frontal gyrus (dLPFC) R 33 4.33 4.21 36 34 -2 
   Superior temporal gyrus R 25 3.70 3.63 48 -60 28 
   Supramarginal gyrus L 36 4.34 4.22 -46 -42 30 
Midbrain L/R 113 4.95 4.78 0 -10 -12 

Patients > HC        

Middle frontal gyrus    L 45 3.94 3.85 -22 4 44 
   3.62 3.55 -28 -2 42 
 R 20 3.89 3.80 24 -10 58 
   Postcentral gyrus R 29 4.05 3.95 34 -38 52 
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Table S3. fMRI results for the Relatives versus HC & schizophrenia patients; the conjunction analyses 

of the contrasts Reappraise > Attend Negative and Suppresion > Attend Negative 

     Coordinates 
Region of activation Hemisphere N voxels Z-score T-score x y z 
Reappraise > Attend Negative        
   Superior frontal gyrus (dMPFC) R 71 4.17 4.06 12 40 50 
   Middle frontal gyrus (dLPFC) L 112 3.87 3.78 -40 12 56 
   3.79 3.71 -40 14 48 
   3.48 3.41 -36 10 40 
   Inferior parietal  R 143 4.61 4.47 44 -66 44 
   3.79 3.70 54 -68 38 
   3.34 3.28 48 -56 46 
    L 316 4.16 4.06 -40 -66 46 
   3.98 3.88 -52 -64 34 
   3.88 3.80 -46 -66 40 
   Posterior cingulate cortex L 231 4.68 4.53 -4 -48 22 
        
Suppress > Attend Negative        
   Superior frontal cortex (dMPFC) R 32 3.55 3.48 10 12 66 

 

 

 

 

 

 

 

 

Table S2. fMRI results for the contrast Suppresion > Attend Negative 

      Coordinates 
Region of activation Hemisphere N voxels Z-score T-score x y z 
HC only        
   Medial frontal gyrus (dMPFC) L 164 4.54 4.41 -8 16 54 
   Inferior frontal gyrus (vLPFC) L 164 4.46 4.34 -54 22 6 
   4.02 3.92 -42 20 2 
  R 86 4.00 3.90 42 30 -2 
Patients > HC        
   Precentral gyrus  L/R 38 3.91 3.83 4 -12 74 
   3.90 3.81 -2 -16 68 
   Paracentral lobule L/R 27 3.63 3.56 6 -32 60 
   3.40 3.34 -2 -32 56 
   Superior temporal gyrus/Insula R 68 3.93 3.84 50 -6 2 
   3.58 3.51 48 -8 -6 
dorsal anterior cingulate (dACC)  L/R 110 3.96 3.87 -10 0 42 
   3.70 3.63 -6 -8 48 
   3.46 3.39 4 0 42 
   dorsal posterior cingulate L 21 3.94 3.85 -12 -30 44 
Thalamus L 28 3.71 3.64 -18 -24 4 
     -26 -24 -2 
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