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|CHAPTER 7

|ABSTRACT

BACKGROUND: Patients with schizophrenia show difficulties with the regulation of 
emotions. These difficulties are reflected by lower prefrontal activation during reappraisal 
and less successful down-regulation of negative affect. Recently, it was suggested that these 
emotion regulation difficulties might already occur before the onset of psychosis. Therefore, 
the aim of the current study was to examine whether subjects at increased genetic risk for 
schizophrenia indeed already show abnormalities in the use and neural correlates of emotion 
regulation. 

METHODS: To this extent, we investigated two emotion regulation strategies (reappraisal 
and suppression) in 72 siblings of patients with schizophrenia and 66 matched controls 
during an fMRI-task. 

RESULTS: The results revealed no differences in brain activation during the application of 
reappraisal or suppression. Furthermore, siblings were equally capable as controls to 
regulate their negative affect. 

CONCLUSION: These results indicate that merely being a relative of a patient with 
schizophrenia may not affect the ability to regulate negative emotions. Future research 
should investigate the association with genetic risk scores in relatives, as some relatives have 
a larger number or risk gene variants than others.
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|INTRODUCTION

Patients with schizophrenia may have difficulties with the processing and regulation of 
emotions. For example, behavioral studies have shown that patients are impaired at emotion 
recognition (Kohler et al., 2010), attribute salience to non-salient stimuli (Cohen and Minor, 
2010) and apply less efficient emotion regulation strategies (van der Meer et al., 2009). 
Emotion regulation can be defined as the way we change the experience and expression of 
emotions (Gross, 1998). Two often applied emotion regulation strategies are reappraisal and 
suppression. Reappraisal is the reinterpretation of a stimulus in such a way that it becomes 
less emotional disturbing (e.g. decreasing the negative valence of a picture of a car crash by 
thinking nobody got hurt). Suppression is the inhibition of emotional expressive behavior by 
not showing how you feel (e.g. keeping a poker face) (Gross, 1998). The use of reappraisal is 
associated with good social functioning and positive affect, while the use of suppression is 
associated with poor social functioning and negative affect (Gross, 2002). Several studies 
reported that patients with schizophrenia use less reappraisal and more suppression 
compared to controls (Kimhy et al., 2012; Livingstone et al., 2009; van der Meer et al., 2009). 
Furthermore, neuroimaging research has indicated that the neural basis underlying 
reappraisal is impaired in schizophrenia (Morris et al., 2012; van der Meer et al., 2014).

In healthy controls, activation increases during reappraisal in the ventrolateral prefrontal 
cortex (VLPFC), dorsolateral prefrontal cortex (DLPFC), dorsomedial prefrontal cortex 
(DMPFC) and the temporal cortex (Buhle et al., 2013; Diekhof et al., 2011). Subsequently, 
activation in the amygdala decreases, resulting in lower negative affect (Diekhof et al., 2011). 
Patients with schizophrenia show less increased prefrontal activation during reappraisal 
(Morris et al., 2012; van der Meer et al., 2014) and are, as a result, less capable of down-
regulating negative affect through reappraisal (Morris et al., 2012). Suppression, on the 
other hand, is characterized by higher activation in regions involved in motor control, such as 
the DLPFC, insula, precentral gyrus, supplementary motor area and supramarginal gyrus 
(Hayes et al., 2010; Vanderhasselt et al., 2012; Vrticka et al., 2011). As far as we know, no 
studies have yet examined the neural basis of suppression in schizophrenia. 

Longitudinal research has indicated that emotion dysregulation might already precede 
the onset of psychosis (Fowler et al., 2012; Smeets et al., 2012). If so, one would expect 
emotion regulation difficulties already to be present in subjects at increased risk for 
developing schizophrenia. Siblings of patients with schizophrenia are at a tenfold increased 
genetic risk for developing psychosis (Gottesman, 1991) and may have similar emotion 
processing difficulties as patients, albeit to a lesser extent. For example, siblings perform 
worse at emotion recognition tasks compared to controls without a history of psychosis in 
the family (Lavoie et al., 2013). Recently, a study from our group showed that during 
reappraisal, activation in the VLPFC and superior temporal gyrus was lower in siblings 
compared to controls (van der Meer et al., 2014). This lower activation may indicate some 
emotion regulation difficulties in the sibling group. However, despite this lower activation 
pattern, siblings were equally capable of down-regulating negative affect through reappraisal 
as controls. Furthermore, siblings reported to apply reappraisal and suppression to the same 
extent as controls (van der Meer et al., 2014). One of the possible explanations for this 
discrepancy between brain activation and behavioral measures could be the modest sample 
size of the study, which might have lowered the power to detect behavioral differences. 
Besides this single study on the neural correlates of reappraisal in siblings of patients with 
schizophrenia, no other studies have yet examined emotion regulation in individuals at high 
genetic risk for developing schizophrenia. Furthermore, the neural basis of suppression has 
not yet been examined in this group.
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Therefore, the aim of the current study was to further examine whether siblings differ 
from controls in the use of emotion regulation and the underlying neural correlates. To this 
extent we measured brain activation through functional magnetic resonance imaging (fMRI) 
during reappraisal and suppression in a large sample of siblings of patients with schizophrenia 
and matched controls (n=138). We expected to find lower activation in the VLPFC and 
temporal cortex in siblings, as was previously reported (van der Meer et al., 2014). 
Furthermore, we expected siblings to be less capable of down-regulating negative affect 
through reappraisal. The study regarding suppression was exploratory as this was the first 
study on the neural basis of suppression in subjects at high risk for schizophrenia.

|METHODS

Participants

Eighty siblings of patients with schizophrenia and 70 matched healthy controls without 
any first- or second-degree family members with a psychotic disorder were included in this 
study. All 80 siblings and 56 controls were included from a multi-center (Groningen and 
Amsterdam) add-on study from the GROUP project [Genetic Risk & Outcome of Psychosis; 
(Korver et al., 2012)]. This sample partially overlaps with a previous study from our group 
[nsiblings=20, ncontrols=8 (van der Meer et al., 2014)]. The other 24 controls were recruited outside 
of the GROUP study through advertisements. None of the participants reported a presence 
or history of any psychiatric or neurological disorder. The study was approved by the local 
medical ethical committee and conducted according to the declaration of Helsinki. 
Demographic details of the final sample (72 siblings and 66 controls; for reasons of exclusion 
see results section) are presented in Table 7.1.

Behavioral measurements

Diagnostic interviews
During the assessment of the GROUP study (max. two years prior to the fMRI scan) 

participants from Groningen were screened with the SCAN interview [Schedules for the 
Clinical Assessment of Psychiatry (Wing et al., 1990)] and participants from Amsterdam with 
the CASH [Comprehensive Assessment of Symptoms and History (Andreasen et al., 1992)] to 
assess the psychiatric state and history of the participants. When participants were 
diagnosed with a clinical disorder, they were excluded from the study. Prior to the fMRI-scan, 
participants were asked whether they experienced any significant changes in their 
psychological well-being since the last GROUP assessment. If so, participants were excluded 
from the study. The additional sample of 24 healthy controls were screened with the SCAN 
interview prior to the fMRI-scan. 

Emotion Regulation Questionnaire
The Emotion Regulation Questionnaire (ERQ) was administered to examine the reported 

use of reappraisal and suppression (Gross and John, 2003). Subjects had to rate on a 7-point 
scale to what extent a certain statement applied to them (1=strongly disagree; 7=strongly 
agree). The ERQ consists of ten items of which six examine reappraisal and four examine 
suppression. To get a clear view on the relationship between the two emotion regulation 
strategies, the average score per subscales was calculated. The ERQ is a reliable and valid 
measure of emotion regulation (Gross and John, 2003).
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Healthy controls 
(n=66)

Siblings 
(n=72)

Test statistic

Demographics

   Gender (% male) 48 47 χ2=.02, p=.88

   Age (in years) 32.5 ± 10.5 31.8 ± 7.8 t=.45, p=.65 

   Educationa 6.1 ± .7 5.9 ± .8 t=.90, p=.37

   Scan site (% Groningen) 60 50 χ2=1.57, p=.21

   Handedness (EHI) 65.7 ± 46.0 57.8 ± 54.7 t=.91, p=.37

PANAS

   Positive affect 31.4 ± 7.5 32.8 ± 5.6 t=-1.2, p=.24

   Negative affect 13.4 ± 5.3 14.3 ± 3.8 t=-1.1, p=.27

ERQ

   Reappraisal 5.0 ±.9 5.0 ± 1.1 t=-.01, p=.99

   Suppression 2.9 ± 1.2 3.2 ± 1.1 t=-1.3, p=.20

Rating scores

   Attend neutral 1.1 ± .2 1.2 ± .2 U=2086.5, p=.21

   Attend negative 2.6 ± .6 2.7 ± .5 U=2225.0, p=.52

   Reappraise 2.2 ± .6 2.1 ± .5 U=2289.0, p=.71

   Suppress 2.5 ± .6 2.5 ± .5 U=2310.5, p=.78

|Table 7.1 Mean, standard deviation and between-group test statistics on demographics, 
affect and emotion regulation

a Level of education according to Verhage, 1964; Abbreviations: EHI: Edinburgh Handedness Inventory; ERQ: 
Emotion Regulation Questionnaire; PANAS: Positive and Negative Affect Scale

Positive and Negative Affect Scale
The positive and negative affect scale [PANAS (Watson et al., 1988)] was used to measure 

the current affective state of the participants. The PANAS has been proven to be a reliable 
and valid measure of positive and negative affect (Crawford and Henry, 2004), which consists 
of 10 positive and 10 negative affect items. Participants had to rate on a five-point scale to 
what extent they experienced certain mood states prior to the fMRI-scan.

Community Assessment of Psychic Experiences
The community assessment of psychic experiences (CAPE) is a 42-item self-report 

questionnaire which was applied to examine schizotypy (Stefanis et al., 2002). The frequency 
of positive, negative and depressive symptoms was measured on a four-point scale (0=never; 
3=nearly always). Furthermore, when participants reported the experience of symptoms 
(score ≥1 on frequency), they were asked how distressed they were by these symptoms 
(0=not at all; 3=very). Total scores of positive, negative and depressive symptoms were 
calculated by summing the average frequency and average distress score. 
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Emotion Regulation Task

The emotion regulation task [adapted from (Ochsner and Gross, 2005)] consisted of four 
conditions, Attend Neutral, Attend Negative, Reappraise and Suppress. Sixty-six negative 
(mean valence: 2.54, mean arousal: 5.83) and 22 neutral pictures (mean valence: 5.10, mean 
arousal: 3.26) from the International Affective Picture System (IAPS) were used in the task. 
Each trial was constructed as follows. First, a picture with the instruction ‘view’ appeared 
(View condition, 2s). Subsequently, the instruction ‘view’ changed in either ‘reappraise’, 
‘suppress’ or ‘attend’ (Regulation condition, 4s). Reappraise instructed the participants to 
reappraise the picture in such a way that it became less emotionally disturbing. Suppression 
instructed the participants to refrain from expressing their emotions in such a way that 
bystanders would not be able to read the emotional facial expressions of the subject. During 
attend, participants just had to look closely at the picture and not change the way they were 
feeling. The 22 neutral pictures were always paired with the ‘attend’ instruction. Negative 
pictures could be paired with either reappraise (22 pictures), suppress (22 pictures) or 
attend (22 pictures). After regulation, a black screen appeared (Lingering, 2s). Subsequently, 
participants were asked to rate how negative they were feeling on a four-point scale (1=not 
negative at all; 4=extremely negative) (Rating, 3s). After rating, the word ‘relax’ appeared 
(4s) followed by a black screen (0.5s) to alert participants the next trial was coming. A single 
trial lasted for 15.5 seconds. After 9 or 10 trials, a fixation cross appeared for 20 seconds.

Prior to the fMRI scan, a short training was given to teach the application of reappraisal 
and suppression strategies. During this training, participants practiced the different strategies 
on negative pictures by telling the researches how they would apply the reappraisal or 
suppression strategy.

Image acquisition

MRI data was acquired using two 3.0 Tesla whole body scanners (Philips Intera, Best, NL) 
located at the University Medical Center Groningen and the Academic Medical Center in 
Amsterdam. Both systems were equipped with an 8-SENSE head coil and scan parameters 
were set identical. The functional images were acquired by a T2-weighted echo producing 37 
slices of 3.5 mm thick with no gap. The images were slightly tilted (30 degrees) to prevent 
artifacts due to nasal cavities. The functional scans were made in the axial plane (TR=2s; 
TE=30s; flip angle (ɑ)=70°; FOV=224.0, 129.5, 224.0; in-plane resolution 64x62 pixels; 
isotropic voxels of 3.5 mm) and were scanned interleaved. The T1-weighted anatomical 
image (170 slices; isotropic voxels of 1 mm; TR=9 ms; TE=3.54 ms; ɑ=8°; FOV=256 mm) was 
acquired in the bicommissural plane, covering the whole brain.

Statistical analyses

Behavioral analyses were performed using SPSS 20 (SPSS Inc., Chicago, IL, USA). Two-
sample t-tests were conducted to examine the possible differences between siblings and 
controls on age, education, handedness [as measured with the Edinburgh Handedness 
Inventory (EHI) (Oldfield, 1971)], ERQ, PANAS and CAPE scores. Chi-square tests were applied 
to examine possible group differences on gender and scan site. The significance level was set 
at p<.05, two-sided. Friedman’s ANOVA was applied to examine the main effect of condition 
on negative affect during the emotion regulation task, due to non-normality of the rating 
scores (p<.05). The Wilcoxon signed-rank test was used for the post-hoc analyses. To examine 
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possible differences between siblings and controls on the rating scores, Mann-Whitney U 
tests were performed. For both the post-hoc and between group analyses, the significance 
level was set at p<.017 to correct for multiple testing (Bonferroni correction for 3 tests).

The fMRI data was analyzed using Statistical Parametric Mapping (SPM 8) (www.fil.ion.
ucl.ac.uk) using Matlab 7 (The MathWorks Inc., Natick, MA, USA). Before processing the 
data, all images were checked for artifacts. Slice timing was applied to the functional images 
and the functional data were spatially realigned, resliced and coregistered. The anatomical 
data were segmented. To enhance the accuracy of inter-subject alignment, the Diffeomorphic 
Anatomical Registration Through Exponentiated Lie algebra (DARTEL) approach was used to 
create a gray matter template based on the gray matter segmented images of all subjects. 
This created template was used to normalize the functional images to and affine-transform 
them into Montreal Neurological Institute (MNI) stereotactic space. Data was smoothed 
with a full-width half-maximum Gaussian kernel of 6 mm. Subjects with excessive head 
motion or head motion correlated to the task paradigm were excluded from the study. 

Sixteen task-related regressors were modeled with a boxcar function convolving a 
hemodynamic response function. The regressors View and Relax were divided into View/
Relax neutral and View/Relax negative. The other regressors, Regulation, Lingering and 
Rating were subdivided into a Reappraise, Suppress, Attend Negative and Attend Neutral 
part. Additionally, the realignment parameters and the first derivatives thereof were entered 
as covariates to correct for the effects related to head motion. Five contrasts were made for 
each participant: 1) View Neutral versus Baseline; 2) View Negative versus View Neutral; 3) 
Attend Negative versus Attend Neutral; 4) Reappraise versus Attend Negative; 5) Suppress 
versus Attend Negative.

To examine task-related activation, one sample t-tests were conducted. Sex, handedness 
(EHI) and scanner site (Amsterdam vs. Groningen) were entered as covariates of no interest. 
To examine brain activation differences between siblings and controls, two-sample t-tests 
were conducted including the covariates mentioned above. To limit possible false positives 
due to multiple comparisons, effects had to meet p<.05 Family-Wise Error (FWE) corrected 
at the cluster level to be considered statistically significant with an initial height-threshold of 
p<.001 for all the analyses. Because of specific hypotheses regarding the amygdala, a Small 
Volume Correction (SVC) with a p<.05 cluster correction was applied if this region would not 
show in the whole-brain analyses. Furthermore, abovementioned two-sample t-tests were 
repeated without including covariates, to examine the possible influences of the included 
covariates on the results.

|RESULTS

Behavioral results

Four healthy controls and eight siblings had to be excluded from the analyses due to 
extensive movement during the task (n=7), incomplete fMRI data (n=3) or missing task data 
caused by technical difficulties (n=2). The final sample therefore consisted of 66 controls and 
72 siblings. These two groups did not significantly differ on gender, age, education, 
handedness and scanner site (see Table 7.1). Furthermore, the groups did not differ on 
positive or negative affect prior to scanning nor on the reported use of reappraisal and 
suppression (see Table 7.1). Schizotypy scores (measured with the CAPE) were only 
administered in a subsample of 68 siblings and 57 controls. No significant differences on 
positive (Mcontrols=.37; Msiblings=.43; t=-.53; p=.60), negative (Mcontrols=1.1; Msiblings=1.1; t=-.15; 
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p=.88) or depressive symptoms (Mcontrols=1.4; Msiblings=1.3; t=.24; p=.81) were found between 
siblings and controls.

A significant main effect of condition (Attend neutral, Attend negative, Reappraise, 
Suppress) was observed on the rating scores of the emotion regulation task (χ2(3)=320.5, 
p<.001). Post hoc analyses revealed that subjects rated the negative pictures as more 
negative than the neutral pictures (Z=10.1, p<.001). Furthermore, subjects were able to 
reduce their negative affect through reappraisal (Z=-9.3, p<.001) and suppression (Z=-4.0, 
p<.001). Healthy controls and siblings did not significantly differ on the rating scores of the 
emotion regulation task (see Table 7.1).

Neuroimaging results 

Healthy controls and siblings did not differ on brain activation in response to neutral 
picture viewing. The first two seconds of viewing a negative picture compared to viewing a 
neutral picture resulted in the activation of a widespread emotion processing network. Both 
the healthy controls and siblings activated the bilateral middle temporal gyrus, bilateral 
precuneus, bilateral inferior frontal gyrus and the bilateral medial superior frontal gyrus 
(Figure 7.1A, for full details see supplementary Table S7.1). Furthermore, the healthy controls 
activated the left [p=.01, k=21, Z=4.84; -16,-2,-12(x,y,z)] and right amygdala [p=.002, k=64, 
Z=4.40; 22,-4,-14 (x,y,z)] during negative picture viewing compared to neutral picture 
viewing. The activation of the amygdala in the siblings group did not reach the significance 
level [p=.07, k=1, Z=3.10; 22,-6,-12 (x,y,z)]. However, no significant differences in amygdala 
activation or activation in other regions between healthy controls and siblings were found 
for the contrast view negative versus view neutral.

The four seconds of attending a negative picture (after the first two seconds of viewing) 
resulted in higher activation in regions such as the precuneus, middle frontal gyrus and 
parietal regions in both siblings and controls (Figure 7.1B and supplementary Table S7.1). No 
significant differences in brain activation were found between controls and siblings.

The contrast reappraising compared to attending negative pictures revealed higher 
activation in regions of the emotion regulation network such as, the bilateral VLPFC, the left 
DLPFC, the DMPFC and the bilateral middle temporal gyrus (Figure 7.1C and supplementary 
Table S7.1) in both controls and siblings. No significant activation decreases were found. 
Furthermore, no significant activation differences were found between controls and siblings.

Suppressing negative pictures compared to attending resulted in higher activation in, 
amongst others, the bilateral insula, supplementary motor cortex and supramarginal gyrus. 
Furthermore, activation was lower in occipital regions and the postcentral gyrus during 
suppression. These results were found in both controls as well as siblings (Figure 7.1D and 
supplementary Table 7.1). The results revealed no significant differences between siblings 
and controls.

All abovementioned group comparisons were repeated without covariates. This did not 
significantly alter the reported findings (i.e. no significant differences in any of the contrasts 
were found).
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|Fig 7.1 Main effects of negative emotion processing and emotion regulation in healthy controls. (A) Increased 
activation during negative picture viewing compared with neutral picture viewing. (B) Increased activation during 
attending a negative picture compared with a neutral picture. (C) Increased activation during the reappraisal of a 
negative picture compared to attending. (D) Increased activation during the suppression of a negative picture 
compared with attending. Results are displayed at p<.001, with a p<.05 FWE cluster correction. The results are 
overlaid on a MNI template brain.

|DISCUSSION

The aim of the current study was to examine whether controls and siblings of patients 
with schizophrenia differ in the use of reappraisal and suppression and the underlying brain 
activation. The results revealed no significant differences between the groups on brain 
activation during negative picture viewing, reappraisal or suppression. Furthermore, siblings 
did not differ from controls on the reported use of emotion regulation strategies nor the 
capacity to down-regulate negative affect through reappraisal or suppression.

The processing of negative emotional pictures resulted in the activation of a widespread 
emotion processing network, including the amygdala, middle temporal gyrus and medial 
frontal gyrus (Phan et al., 2002). No differences in brain activation were found between 
siblings and controls during negative emotion picture viewing. This lack of differences is in 
line with a previous study in which adolescent offspring from patients with schizophrenia did 
not differ from controls on brain activation during the viewing of negative facial expressions 
(Barbour et al., 2012). Other neuroimaging studies on negative emotion processing in 
relatives of patients with schizophrenia revealed higher activation in the frontal cortex and 
precentral gyrus (Li et al., 2012) and in the amygdala, medial prefrontal cortex, cingulate 
cortex and middle temporal gyrus (van Buuren et al., 2011) compared to controls. However, 
lower activation in these regions has also been reported in this group (Lo Bianco et al., 2013; 
Venkatasubramanian et al., 2010). Given this lack of consistent findings, further research is 
needed to disentangle these differences between studies. A possible explanation for the 
divergent findings could be that siblings may have differed in schizotypy scores between 



130

|CHAPTER 7

studies. Previous research has shown that schizotypy is related to differential brain activation 
patterns during emotion processing (Modinos et al., 2012; Mohanty et al., 2005), which 
might have influenced the results. Another possible explanation could be that only certain 
schizophrenia-related genes are underlying the abnormal brain activation patterns during 
emotion processing. For example, it has been shown that COMT (catechol-O-
methyltransferase) influences activation differences between siblings and controls during 
emotion processing. When comparing Met carriers, siblings showed higher frontal activation 
than controls. However, when comparing val/val carriers prefrontal activation was lower in 
siblings compared to controls (Lo Bianco et al., 2013). Further research on schizotypy*group 
and gene*group interactions on brain activation are needed to further examine these 
hypotheses.

The emotion regulation task resulted in brain activation patterns consistent with previous 
research (Buhle et al., 2013; Diekhof et al., 2011). Reappraisal led to higher activation in the 
bilateral VLPFC, the left DLPFC, the left DMPFC and the bilateral middle temporal gyrus. This 
activation pattern is in accordance with previous studies [for meta-analyses see (Buhle et al., 
2013; Diekhof et al., 2011)]. Suppression of negative emotions resulted in higher activation 
in regions such as the bilateral insula, supplementary motor area and supramarginal gyrus 
which in agreement with the suppression literature (Hayes et al., 2010; Vanderhasselt et al., 
2012; Vrticka et al., 2011). Furthermore, application of both strategies resulted in lower 
negative affect indicating successful application of the strategies. No brain activation 
differences were found during reappraisal between siblings and controls. This finding is in 
contrast with a previous study from our group which showed that although siblings were 
able to down-regulate negative affect through reappraisal, activation during reappraisal was 
lower in the superior temporal gyrus, inferior frontal gyrus and parahippocampal gyrus (van 
der Meer et al., 2014). The discrepancies between these findings and the current study are 
difficult to explain as the exact same task was applied and the sample partially overlaps. 
However, in the study of van der Meer et al. (2014) a low uncorrected threshold was applied 
due to the relatively small sample size. Furthermore, it is possible that the siblings in the 
study of van der Meer et al. (2014) had overall higher levels of schizotypal symptoms or 
genetic loading compared to the current sample, which might have put them at higher risk 
for psychosis, displaying more regulation deficits. In accordance with the study of van der 
Meer et al. (2014), the current results indicated that siblings are capable of applying 
reappraisal. Furthermore, siblings did not differ on the self-reported use of reappraisal, 
which further strengthens the idea of intact reappraisal in siblings. One other study examined 
brain activation patterns during reappraisal in subjects at high risk for developing psychosis, 
due to high schizotypy scores (Modinos et al., 2010b). The results revealed that schizotypy 
was related to higher prefrontal activation during reappraisal (Modinos et al., 2010b). In the 
current study, the siblings did not differ on schizotypy scores from the healthy controls. 
Therefore, it may be possible that solely an increased genetic risk for schizophrenia does not 
affect the ability to reappraise negative emotions. However, when schizotypy scores increase, 
individuals might need compensatory brain activation to apply reappraisal as indicated by 
Modinos et al. (2010). Besides normal activation patterns during reappraisal, the current 
study revealed that siblings did not differ on brain activation during suppression. 
Furthermore, siblings did not report more extensive use of this less efficient emotion 
regulation strategy, while this is often reported in patients with schizophrenia (Kimhy et al., 
2012; van der Meer et al., 2009). 

Several limitations of the current study need to be addressed. First, although the results 
revealed higher activation during reappraisal in the regions previously associated with 
reappraisal, we were unable to detect decreased amygdala activation during reappraisal. 
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The lack of amygdala deactivation in this study and previous reports (McRae et al., 2012; 
Opitz et al., 2012; Schulze et al., 2011) is suggested to be due to the application of a late 
cueing method (Ochsner et al., 2012). With this method, subjects receive the instruction to 
reappraise after stimulus presentation instead of before or simultaneously with stimulus 
presentation. The reason for applying this method was to allow participants to have a 
naturalistic emotional response to the negative pictures before regulation was applied 
(Ochsner et al., 2012). However, this late cueing method might have caused the amygdala to 
already habituate before reappraisal starts (Ochsner et al., 2012). Therefore, we suggest 
future studies to examine the frontal-limbic coupling in siblings with an early cueing 
paradigm. Second, the present results only represent emotion regulation in a lab-setting. 
The relationship of such measures to emotion regulation in daily life needs to be established 
in more detail, which will enhance ecological validity. Momentary assessment studies could 
give more insight on emotion regulation on a day-to-day basis. 

|CONCLUSION

The current findings indicate that solely being a relative of a schizophrenia patient might 
not affect the ability to use reappraisal and suppression, at least when subjects are explicitly 
instructed and cued to do so. Furthermore, the neural correlates of emotion processing and 
emotion regulation appear to be intact in these individuals, at least under certain conditions. 
Future research examining interactions between group and schizotypy or specific genes 
might provide further information on specific risk groups in which emotion dysregulation 
might be presented.
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|SUPPLEMENTARY MATERIAL

|Table S7.1 Main effects of negative emotion processing, reappraisal and suppression on 
BOLD response in controls and siblings. 

MNI coordinates

K voxels Z x y z

View negative>View neutral

HC only

L Middle temporal gyrus 1988 Inf -48 -68 8

6.58 -38 -66 18

6.09 -46 -66 26

R Middle temporal gyrus 1822 7.65 54 -62 4

7.46 46 -66 2

6.08 42 -62 16

L/R Precuneus 1806 7.48 -6 -52 22

5.25 6 -52 30

3.47 18 -64 32

R Calcarine sulcus / Lingual gyrus 679 7.31 12 -78 8

5.94 12 -72 -8

4.34 20 -64 -8

L Inferior frontal gyrus, operculum 3759 6.23 -50 8 18

5.42 -40 30 2

5.31 -30 16 -16

R Inferior frontal gyrus, triangularis 692 5.88 54 32 4

5.05 48 38 6

4.60 40 12 30

L Supramarginal gyrus 364 5.58 -60 -32 36

5.42 -62 -26 30

4.25 -50 -28 42

L Calcarine sulcus 222 5.51 -10 -84 4

3.76 -16 -72 8

L/R Medial superior frontal gyrus 1048 5.28 -6 54 18

5.18 -6 50 28

4.87 8 58 20

L Inferior parietal gyrus 144 4.47 -30 -46 52

L/R Middle cingulate gyrus 150 4.43 -2 -16 36

R Supramarginal gyrus 221 4.26 64 -32 30
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MNI coordinates

K voxels Z x y z

3.66 -4 -4 34

4.18 64 -18 32

3.55 62 -22 40

Siblings only

R Middle temporal gyrus 2715 7.20 52 -62 2

7.05 46 -66 6

6.28 52 -58 16

L Middle temporal gyrus 1987 7.17 -42 -64 2

6.84 -42 -64 12

6.57 -54 -60 6

L/R Precuneus 1021 6.40 -6 -48 28

4.78 -8 -62 30

4.61 -6 -50 16

L Brainstem 494 6.01 -2 -24 -2

5.07 0 -30 -22

4.54 -10 -24 -10

L Inferior frontal gyrus, triangularis 553 5.09 -42 28 2

4.53 -28 24 6

4.48 -30 20 -10

L Superior occipital gyrus 112 4.85 -18 -82 34

4.31 -22 -76 30

L Calcarine sulcus 316 4.82 -12 -82 2

3.59 -10 -78 16

3.58 -4 -84 24

R Inferior frontal gyrus, triangularis 112 4.04 52 28 6

3.31 52 24 16

L/R Medial superior frontal gyrus 124 3.93 4 52 32

3.70 -16 52 30

3.61 -2 48 42

Attend negative > Attend neutral

HC only

|Table S7.1 Continued
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MNI coordinates

K voxels Z x y z

R Inferior parietal gyrus 1077 6.01 46 -48 50

5.30 40 -60 48

5.08 48 -64 36

R Cerebellum 896 5.75 32 -66 -32

5.31 36 -74 -20

4.85 22 -76 -26

L Inferior parietal gyrus 1792 5.75 -42 -52 50

5.56 -46 -48 42

5.47 -38 -56 44

R Inferior frontal gyrus 755 5.41 48 28 32

5.39 34 4 56

4.86 34 20 48

L Cerebellum 692 5.25 -42 -56 -24

4.64 -36 -66 -26

4.60 -40 -68 -18

L Middle frontal gyrus 350 4.86 -42 26 34

4.60 -52 20 34

4.35 -56 16 28

L/R Precuneus 1020 4.77 6 -60 46

4.73 -10 -64 56

4.52 -4 -58 60

R Inferior temporal gyrus 137 4.65 44 -66 -4

3.45 34 -72 0

L/R Supplementary motor area 448 4.54 2 18 50

4.37 -2 22 44

4.00 -4 30 34

L Precentral gyrus 278 4.45 -34 -2 60

4.25 -26 -4 58

3.92 -22 -12 58

Siblings only

L/R Precuneus 933 6.44 4 -66 44

5.14 -4 -58 60

4.81 6 -62 56

|Table S7.1 Continued
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MNI coordinates

K voxels Z x y z

R Parietal cortex 786 5.66 44 -52 48

5.23 48 -42 50

5.00 46 -62 40

L/R White matter 286 5.42 -2 -22 28

4.78 2 -36 24

4.04 2 -12 32

L Inferior parietal gyrus 1125 5.30 -36 -56 46

5.00 -50 -38 50

4.72 -44 -52 52

L Inferior frontal gyrus, operculum 178 7.80 -36 -56 46

4.25 -50 -38 50

3.61 -44 -52 52

L Middle frontal gyrus 191 4.59 -30 56 10

3.71 -42 48 10

3.55 -42 42 24

R Inferior frontal gyrus, operculum 250 4.47 48 18 40

4.19 46 32 34

4.03 48 26 28

Reappraise > Attend negative

HC only

L Dorsolateral, ventrolateral and dorsomedial 
prefrontal cortex

7154 Inf -48 24 -8

7.36 -8 6 62

6.94 -8 18 54

L Middle temporal gyrus/Angular gyrus 2752 7.07 -58 -36 -2

7.07 -48 -60 38

6.91 -42 -58 28

R Inferior frontal gyrus 1241 6.39 50 34 -12

6.23 54 24 2

5.74 48 24 -10

R Angular gyrus 559 5.70 58 -48 36

5.68 50 -56 26

R Superior temporal gyrus 687 5.65 44 -30 -4

|Table S7.1 Continued



136

|CHAPTER 7

MNI coordinates

K voxels Z x y z

4.86 58 -2 -16

4.85 50 8 -28

R Caudate 362 5.14 14 16 8

4.52 8 6 2

4.28 12 16 0

L Caudate 663 4.84 -4 -2 8

4.51 -14 10 0

4.51 -12 8 10

L Posterior cingulate cortex 390 4.67 -4 -42 30

4.18 -4 -54 32

L Cerebellum 122 4.63 34 -56 -34

4.00 34 -62 -26

L Middle cingulate gyrus 153 4.00 -4 -10 34

3.84 0 -18 38

3.61 -2 -18 28

Siblings only

L Dorsolateral, ventrolateral and dorsomedial 
prefrontal cortex

9228 Inf -38 18 -8

7.67 -50 24 -6

7.09 -52 24 4

L Middle temporal gyrus/Angular gyrus 2254 7.09 -48 -60 34

6.74 -48 -58 24

6.38 -50 -32 -2

L Posterior cingulate gyrus 1109 6.08 -4 -46 22

4.43 -4 -50 34

4.32 -12 -54 4

R Inferior frontal gyrus 1201 6.00 40 20 -10

5.95 52 24 -4

5.55 46 16 0

R Middle temporal gyrus 556 5.44 48 -36 -2

4.70 48 -26 -6

4.58 56 -10 -12

R Temporal pole 103 5.06 52 8 -22

|Table S7.1 Continued
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MNI coordinates

K voxels Z x y z

3.72 52 0 -34

R Angular gyrus 791 5.05 48 -50 30

4.61 58 -48 36

4.13 50 -52 46

R Cerebellum 127 4.38 28 -78 -26

4.38 16 -76 -26

3.36 6 -76 -22

Suppress > Attend negative

HC only

L Insula 889 6.66 -46 12 -6

4.53 -32 14 -10

4.08 -52 6 6

R Insula 1009 6.00 56 10 2

5.44 46 14 -4

4.94 36 16 6

R Supramarginal gyrus 583 5.93 60 -44 36

5.07 62 -32 34

4.05 62 -22 26

L/R Supplementary motor area 1201 5.62 6 2 62

5.57 0 6 56

5.12 -6 12 40

L Supramarginal gyrus 167 5.40 -62 -42 26

3.69 -60 -36 38

R Middle frontal gyrus 147 5.19 28 48 26

Siblings only

L Insula 1157 5.57 -40 14 -2

5.03 -50 6 4

5.03 -36 6 4

R Insula 1081 5.50 50 14 -6

5.03 44 4 2

4.95 42 20 -2

R Supplementary motor area 375 5.42 10 4 62

|Table S7.1 Continued
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MNI coordinates

K voxels Z x y z

5.28 18 18 58

5.05 4 10 58

R Supramarginal gyrus 764 5.13 54 -42 28

4.78 62 -30 34

4.51 60 -44 36

L Supramarginal gyrus 150 4.87 -58 -38 34

3.66 -56 -42 44

R Middle frontal gyrus 136 4.32 28 42 26

L Putamen 117 4.28 -22 8 -4

Attend negative > Suppress

HC only

R Angular gyrus/Middle occipital gyrus 1905 6.12 34 -64 40

4.56 44 -68 30

4.53 26 -82 22

L Postcentral gyrus 526 5.45 -50 -10 28

4.09 -52 -28 10

4.06 -56 -24 2

R Middle frontal gyrus 300 5.40 36 8 54

5.33 32 -24 48

3.19 40 -28 42

L Middle occipital gyrus 467 5.27 -40 -72 32

4.25 -28 -62 26

4.24 -30 -70 22

L/R Paracentral lobule 559 5.10 4 -32 58

3.78 -8 -32 66

3.77 12 -50 4

L Parahippocampal gyrus 219 4.82 -22 -18 -24

4.02 -18 -8 -20

3.66 -28 -22 -16

R Postcentral gyrus 200 4.65 60 -6 18

4.21 52 -6 26

|Table S7.1 Continued
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MNI coordinates

K voxels Z x y z

Siblings only

R Angular gyrus 222 4.43 32 -66 50

3.72 32 -60 36

3.27 26 -74 36

L Cuneus 175 4.22 -4 -86 18

3.45 -2 -78 18

R Postcentral gyrus 142 3.94 12 -34 66

3.80 4 -28 64

3.65 6 -20 66

|Table S7.1 Continued

Abbreviations: BOLD: Blood oxygenation level dependent ; HC: Healthy controls; L: Left; R: Right
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