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1 General introduction
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|CHAPTER 1

Many situations in daily life elicit negative emotions. For example, a flat tire may cause 
frustration and anger and deadlines may result in stress and anxiety. Our initial response to 
these situations is based on the way we perceive and process the emotional content of the 
situation. Whether or not we keep this initial emotional state is highly dependent on how we 
regulate our emotions (Gross, 1998). Cognitive, social and emotional functioning may all be 
severely impaired in people with schizophrenia, a severe psychiatric disorder which is further 
characterized by psychotic symptoms, such as hallucinations and delusions (Mueser and 
McGurk, 2004). Over the last two decades, research on emotion dysfunction in schizophrenia 
has increased exponentially and revealed impairments in emotion perception and 
expression, in the face of intact experience of emotions (Aleman and Kahn, 2005; Kohler et 
al., 2010; Kring and Elis, 2013). Furthermore, studies have indicated emotion dysregulation 
in schizophrenia (e.g. van der Meer et al., 2009). However, it still remains an open question 
whether the impairments in emotion processing and regulation are more disease-related or 
part and parcel of the vulnerability to the disorder. Therefore, the aim of this thesis was to 
examine whether difficulties with emotion processing and emotion regulation are already 
present in groups at increased risk for developing psychosis. More specifically, the neural 
mechanisms, both structural and functional, underlying these processes were examined 
through (functional) Magnetic Resonance Imaging (fMRI) in three groups with an increased 
risk for psychosis. These three groups consisted of subjects with high levels of alexithymia, 
subjects at increased genetic risk for schizophrenia and subjects at ultra-high risk (UHR) for 
developing psychosis.

|THE CLINICAL CHARACTERISTICS OF SCHIZOPHRENIA

Schizophrenia is a severe mental illness characterized by positive symptoms, such as 
delusions and hallucinations, negative symptoms (e.g. blunted affect, poverty of speech and 
apathy), disorganized behavior and cognitive impairment (Mueser and McGurk, 2004). The 
lifetime prevalence of schizophrenia is approximately 0.4% worldwide (McGrath et al., 2008). 
Of these patients only about 14% will recover (e.g. symptom-free) (Jaaskelainen et al., 2013), 
indicating that schizophrenia is a chronic disorder. It is often suggested that schizophrenia 
should be regarded a cognitive disorder characterized by dysfunction in, amongst others, 
memory and attention (Elvevag and Goldberg, 2000; Kahn and Keefe, 2013). However, the 
last two decades research is also increasingly focusing on emotional dysfunctions in 
schizophrenia (Aleman and Kahn, 2005). 

|EMOTION PROCESSING AND EMOTION REGULATION

Emotion processing is not a unitary construct, it comprises several phases which can be 
described according to the process model of emotion elicitation (Smith and Kirby, 2000). 
First, when an emotional stimulus is perceived, appraisal detection takes place in which the 
system becomes alert. During appraisal detection, the amygdala gets activated and directs 
attention toward the stimulus by activating sensory areas, such as the occipital cortex 
(Adolphs, 2002a; Vuilleumier, 2005). Simultaneously, the perceived emotional stimulus 
might trigger associated knowledge, such as memories via activation of the hippocampal 
formation (Adolphs, 2002b), which may influence the appraisal detection. For example, 
when seeing a dog, the memory of being bitten by a dog last month may result in a stronger 
appraisal detection (i.e. stronger amygdalar activation).
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After appraisal detection, appraisal integration takes place in which an emotional 

response is formed. This emotional response consists of physiological activation, such as an 
increased heart rate and action tendencies (Smith and Kirby, 2000). If this emotional 
response is strong enough, a person will become aware of these responses and a subjective 
affective state of emotional feeling will be formed (Smith and Kirby, 2000). Activation of the 
medial prefrontal cortex, orbitofrontal cortex and insula is thought to underlie the generation 
of these emotional feelings (Kober et al., 2008; Phillips et al., 2003). This generated emotional 
feeling can be very helpful. For example, when seeing a poisonous snake, it is useful to feel 
frightened as it warns you not to approach the snake. However, in other situations, reacting 
to our initial emotional response can do more harm than good (Gross, 2002). For instance, 
starting a fight when someone is badmouthing you might not always be the best solution. In 
these situations applying emotion regulation to change the emotions we are experiencing 
and the way we express them can be beneficial (Gross, 1998).

Two widely studied and often applied emotion regulation strategies are cognitive 
reappraisal and expressive suppression (Gross, 1998). Cognitive reappraisal can be described 
as the reappraisal of emotional stimuli in such a way that the emotional content decreases 
(Gross, 1998), either by reinterpretation or by distancing. For example, when seeing a 
woman cry in front of a church, one could think her daughter just got married and that the 
tears are actually tears of joy instead of thinking the woman attended a funeral (i.e. 
reinterpretation). Or, when viewing a picture of a crying child, one could view the image 
from a detached perspective by thinking it is a movie pamphlet and not a real situation (i.e. 
distancing). During reappraisal, prefrontal brain regions, including the dorsolateral, 
dorsomedial and ventrolateral prefrontal cortex (DLPFC, DMPFC, VLPFC), as well as the 
posterior parietal cortex and the middle temporal gyrus become activated (for meta-analyses 
see, Buhle et al., 2013; Diekhof et al., 2011). These regions are thought to be responsible for 
the cognitive regulation of emotion (Ochsner et al., 2012). More specifically, the DLPFC and 
the parietal cortex may direct attention to reappraisal-relevant features of the stimulus 
(Ochsner et al., 2012), while the DMPFC might be involved in analyzing the affective meaning 
of emotional stimuli (Ochsner and Gross, 2005). Furthermore, the VLPFC is thought to 
modulate and inhibit the emotional appraisals (Ochsner et al., 2002). Via connections from 
the prefrontal cortex to the limbic system, the increased prefrontal activation results in lower 
activation in the limbic system (e.g. amygdala, ventral striatum), resulting in a dampening of 
the appraisal detection and subsequently, lower negative affect (Diekhof et al., 2011; 
Ochsner et al., 2012; Smith and Kirby, 2000). Besides these brain activation patterns, 
successful application of cognitive reappraisal is also related to structural brain differences 
such as higher gray matter volume in the anterior cingulate cortex (ACC), orbitofrontal cortex 
and superior temporal gyrus (Giuliani et al., 2011b; Mak et al., 2009). 

Expressive suppression can be described as the inhibition of emotion-expressive behavior 
(i.e. not showing how you feel by keeping a poker face) (Gross, 1998). The neuroimaging 
data on expressive suppression is rather scarce compared to the reappraisal literature. A 
possible reason for this might be that correct application of expressive suppression may be 
hard to verify without electromyographic data or recordings of the emotional expressions. 
Studies that did investigate suppression showed increased activation in, amongst others, the 
DLPFC, precentral gyrus, supplementary motor area, premotor cortex, supramarginal gyrus, 
and temporal regions during suppression (Goldin et al., 2008; Hayes et al., 2010; 
Vanderhasselt et al., 2012; Vrticka et al., 2011; Vrticka et al., 2013). Furthermore, subjects 
who report more use of expressive suppression have higher gray matter volume in the insula 
and DMPFC (Giuliani et al., 2011a; Kuhn et al., 2011). These regions are involved in inhibitory 
motor control and, therefore, might be responsible for the reduction of emotional expression 
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during expressive suppression (Goldin et al., 2008; Vanderhasselt et al., 2012; Vrticka et al., 
2011). 

Cognitive reappraisal and expressive suppression are associated with different outcomes. 
Cognitive reappraisal results in higher positive affect and more expression of positive 
emotions, while negative affect and the expression thereof are reduced (Gross, 2002). In 
contrast, expressive suppression results in less emotional expression, lower positive affect 
and either no changes or increases in negative affect (Gross, 2002). Furthermore, there is a 
positive association between the use of reappraisal and reported life satisfaction, well-being 
and physical health, while suppression is negatively associated with these factors (Appleton 
et al., 2014; Gross, 2002). Therefore, cognitive reappraisal can be seen as a more effective 
method of emotion regulation in comparison to expressive suppression.

|SCHIZOPHRENIA AND EMOTION REGULATION

Patients with schizophrenia may be impaired in the processing of emotions. For example, 
patients with schizophrenia attribute salience to non-salient stimuli (Cohen and Minor, 
2010). Higher activation in the amygdala in response to neutral stimuli is suggested to 
underlie this aberrant appraisal detection (Hall et al., 2008). Furthermore, patients show 
restricted emotional expression, not only in their facial expression (affective flattening, Kring 
& Neale, 1996), but also in tone of voice or emotion prosody (Hoekert et al., 2007), while the 
experience of emotions appears to be intact or may be even heightened (Kring and Elis, 
2013). During emotion labeling and recognition tasks, patients with schizophrenia often 
underperform compared to controls (Kohler et al., 2010). Meta-analyses have shown that 
this lower performance might be caused by lower activation in emotion processing regions, 
such as the ACC, DMPFC, caudate, parahippocampal gyrus, and fusiform gyrus during 
emotion recognition tasks (Li et al., 2010; Taylor et al., 2012). 

Besides the emotion recognition difficulties, patients may be impaired in their regulation 
of emotion. For example, patients with schizophrenia tend to use less cognitive reappraisal 
(Kimhy et al., 2012; Livingstone et al., 2009; van der Meer et al., 2009), while applying more 
expressive suppression (Kimhy et al., 2012; van der Meer et al., 2009), although not all 
studies have replicated this (Henry et al., 2008; Perry et al., 2011). Furthermore, recent 
neuroimaging studies have indicated that patients activate the DLPFC and VLPFC to a lesser 
extent compared to controls during reappraisal (Morris et al., 2012; van der Meer et al., 
2014), while being less capable of reducing negative affect through reappraisal (Morris et al., 
2012).

Difficulties in cognitive and emotion processing might not solely be related to functional 
differences in brain activation. Meta-analyses have shown that in patients with schizophrenia, 
gray matter is lower in various regions such as the thalamus, insula, amygdala, superior 
temporal gyrus, fusiform gyrus, medial frontal gyrus and inferior frontal gyrus (Ellison-Wright 
et al., 2008; Fornito et al., 2009; Glahn et al., 2008). All these regions play an important role 
in the processing and regulation of emotions (Adolphs, 2002a; Buhle et al., 2013; Phillips et 
al., 2003). Therefore, gray matter reductions in these regions may also underlie the emotion 
processing and regulation deficits in schizophrenia.

Taken together, the literature indicates emotion processing and regulation difficulties in 
patients with schizophrenia. Abnormalities in both brain structure and function are probably 
underlying these difficulties. However, the question remains whether these difficulties and 
associated brain abnormalities are related to schizophrenia itself or if they are part of the 
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vulnerability to psychosis. This question is of great relevance as emotion dysregulation is 
associated with higher levels of negative affect, distress and social exclusion (Butler et al., 
2003; Gross, 2002). These three factors have been reported to precede psychotic symptoms, 
such as delusions (Freeman and Garety, 2003; Hanssen et al., 2005). Furthermore, in subjects 
at high risk for developing psychosis, due to subclinical hallucinations, comorbid depressive 
feelings can even enhance the chance of developing a psychotic episode (Krabbendam et al., 
2005). It has been suggested to provide reappraisal training in patients and subjects at high 
risk for psychosis to reduce negative affect and possibly prevent psychotic episodes (Hanssen 
et al., 2005; Krabbendam et al., 2005). However, to our knowledge, it has not yet been 
examined whether subjects at high risk for developing psychosis indeed experience emotion 
regulation difficulties.

|GROUPS AT INCREASED RISK FOR DEVELOPING SCHIZOPHRENIA

The etiology of schizophrenia is still unclear, due to the complex nature of the disorder. 
However, research has shown that the disorder is in part heritable (Cardno et al., 1999) and 
several risk factors, such as birth complications, urban environment, immigration and 
adverse life events have been identified (McDonald and Murray, 2000). Studying individuals 
at increased risk for developing schizophrenia can provide useful information in discovering 
the causes of schizophrenia and may improve the early detection of the disorder. The latter 
is of great importance because clinical symptoms, especially negative symptoms, worsen 
during the course of schizophrenia and the longer the illness is untreated, the poorer the 
outcome is on clinical symptoms and social functioning (Mueser and McGurk, 2004). Another 
advantage of studying individuals at increased risk for psychosis is that the results are not 
influenced by possible toxic effects of psychotic episodes and/or medication use, as is often 
the case when studying patients with schizophrenia. Furthermore, studying groups with an 
increased risk for psychosis can help identify possible endophenotypes for psychotic 
disorders. Endophenotypes are measureable components that can make the connection 
between predisposing genes and the disorder itself and may provide clues to the genetic 
underpinnings of certain disorders (Gottesman and Gould, 2003). Two of the criteria for 
identifying endophenotypes can be examined by studying subjects with an increased 
vulnerability for psychosis: 1) endophenotypes should be present in non-affected family 
members of patients and 2) endophenotypes should be state-independent (i.e. already 
present before the onset of the disorder) (Gottesman and Gould, 2003). Therefore, in this 
thesis, we focus on three groups that are at (putative) increased risk for developing psychotic 
disorders (e.g. schizophrenia), namely individuals with high scores on alexithymia, siblings of 
patients with schizophrenia and individuals at UHR for developing psychosis. 

Alexithymia

Alexithymia (“no words for feelings”) is a personality construct that denotes difficulties in 
identifying, verbalizing and analyzing one’s feelings and in distinguishing them from bodily 
sensations of arousal. Furthermore, individuals with high scores on alexithymia show a lack 
of imagination (Sifneos, 1973; Vorst and Bermond, 2001). Alexithymia is mostly assessed 
through self-report questionnaires of which the Bermond-Vorst alexithymia questionnaire 
[BVAQ; (Vorst and Bermond, 2001)] and the Toronto alexithymia scale [TAS-20; (Bagby et al., 
1994)] are the most frequently used. Alexithymia can be divided in a cognitive and an 
affective dimension (Bermond et al., 2007). The cognitive dimension consists of the 
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subscales, difficulties in identifying, verbalizing and analyzing feelings, while the affective 
dimension consists of the subscales emotionalizing (i.e. the extent to which individuals get 
emotionally aroused) and fantasizing (i.e. the extent to which individuals are inclined to 
fantasize and daydream). Based on these alexithymia dimensions, two types of alexithymia 
can be distinguished. Type-I alexithymia is characterized by high scores on both the cognitive 
and affective alexithymia dimension, indicating low levels of emotional arousal and impaired 
emotional cognitions. Type-II alexithymia, on the other hand, is characterized by high scores 
on the cognitive alexithymia dimension, but low to normal scores on the affective dimension. 
This indicates normal or even high levels of emotional arousal, while the cognitions 
accompanying these emotions are impaired. The different alexithymia dimensions and types 
are schematically represented in Figure 1.1. 

With a prevalence rate of ten percent in the general population (Salminen et al., 1999), 
alexithymia is a putative risk factor for a range of psychiatric disorders such as anxiety 
disorders, depression, somatoform disorders and schizophrenia (Taylor et al., 1997). 
Although no longitudinal studies have been performed to examine this proposed risk, there 
are some indications that individuals with high alexithymia scores might be at increased risk 
for developing schizophrenia. Previous literature has shown that patients with schizophrenia 
have indeed higher levels of alexithymia (Kubota et al., 2011; Kubota et al., 2012; Yu et al., 
2011). More specifically, patients score higher on the cognitive alexithymia dimension while 
scores on the affective dimension are equal (van der Meer et al., 2009) or lower (van ‘t Wout 
et al., 2007) compared to healthy controls. Thus, whereas they have more difficulties 

|Figure 1.1 Schematic representation of the alexithymia dimensions, subscales and alexithymia types
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identifying and verbalizing their feelings, they may at the same time have normal or 
heightened levels of emotional arousal. Furthermore, it has been suggested that alexithymia 
might be a vulnerability marker for schizophrenia as higher scores on alexithymia are already 
present in groups at increased risk for schizophrenia (van ‘t Wout et al., 2007; van Rijn et al., 
2011).

Emotion processing difficulties are at the core of alexithymia. For example, individuals 
with alexithymia show difficulties with the identification of facial expressions (Grynberg et 
al., 2012), difficulties with emotion recognition in general (Lane et al., 2000), problems with 
emotional memory (Luminet et al., 2006) and impaired higher order mentalizing (Swart et 
al., 2009). These emotion processing difficulties are also reflected in abnormal brain 
activation patterns. Research has reported that during emotion processing, individuals with 
high scores on alexithymia show aberrant activation patterns in emotion processing regions 
such as, the ACC, insula, amygdala and prefrontal cortex compared to low scoring individuals 
(Bermond et al., 2006; Lane et al., 1997; Taylor and Bagby, 2004). In order to identify which 
brain regions are underlying the emotion processing difficulties in alexithymia, we performed 
a meta-analysis integrating the neuroimaging literature on emotion processing in alexithymia 
(chapter 2). Besides functional (i.e. brain activation) differences, structural (i.e. brain volume) 
differences in the brain might also be underlying the emotion processing difficulties in 
alexithymia. Therefore, we examined the volume of gray and white matter in subjects 
differing in alexithymia scores (chapter 3). Specifically, we examined whether the cognitive 
and affective alexithymia dimensions would be differentially related to brain volume.

Alexithymia is considered to represent deficient emotion regulation (Aleman and Kahn, 
2005; Taylor et al., 1997; Taylor and Bagby, 2004). Several studies have supported this claim 
by showing that individuals with alexithymia apply less reappraisal and more suppression 
compared to non-alexithymic controls (Kessler et al., 2010; Stasiewicz et al., 2012; Swart et 
al., 2009; Wingenfeld et al., 2011). This is the same pattern as seen in patients with 
schizophrenia (e.g. van der Meer et al., 2009). However, no neuroimaging studies had yet 
examined the neural correlates of emotion regulation in subjects with alexithymia. Therefore, 
we applied an emotion regulation task to examine brain activation related to alexithymia 
during cognitive reappraisal. The results are presented in chapter 4.

As described above, previous studies have shown that higher scores on alexithymia are 
present in both patients (van der Meer et al., 2009) as well as individuals at high risk for 
psychosis (van ‘t Wout et al., 2007; van Rijn et al., 2011). However, these studies did not 
compare alexithymia scores between subjects at a high genetic risk for psychosis (e.g. 
siblings of patients with schizophrenia) and subjects at UHR for psychosis (both groups are 
described in more detail below). Therefore, we examined whether alexithymia is related to 
the degree of risk for psychosis by comparing alexithymia scores between these high risk 
groups (chapter 5).

Siblings of patients with schizophrenia

Siblings of patients with schizophrenia are at a tenfold increased genetic risk for 
developing schizophrenia (Gottesman, 1991). This increased risk is reflected in impaired 
functioning as siblings of patients with schizophrenia show the same cognitive and emotion 
processing difficulties as patients, albeit to a lesser extent (Gur et al., 2007; Lavoie et al., 
2013; Sitskoorn et al., 2004). For example, on group level, siblings seem to be less capable in 
identifying facial expressions (for meta-analysis see Lavoie et al., 2013) and higher levels of 
alexithymia have been reported in this group (van ‘t Wout et al., 2007). A number of 
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neuroimaging studies have reported that during emotion processing, siblings have lower 
activation in emotion processing areas, such as the amygdala, precentral gyrus and medial 
and superior frontal regions compared to controls (Habel et al., 2004; Li et al., 2012; Lo 
Bianco et al., 2013; Venkatasubramanian et al., 2010). However, increased activation in, 
amongst others, the amygdala, hippocampus, medial prefrontal cortex and middle cingulate 
gyrus during emotion processing has also been reported in siblings (van Buuren et al., 2011).

Besides brain activation differences, previous studies have reported structural 
abnormalities in emotion processing brain areas in siblings of patients with schizophrenia 
(Boos et al., 2007; Fusar-Poli et al., 2014b; Palaniyappan et al., 2012). However, the results 
reported in the literature are largely inconsistent and several large studies reported no 
differences at all (Boos et al., 2012; Honea et al., 2008; Job et al., 2003). To examine whether 
these divergent findings could be explained by differences in age, genetic loading and 
schizotypy, we performed a structural MRI-study to examine gray matter abnormalities in 
siblings of patient with schizophrenia. The results of these analyses are presented in chapter 
6.

The structural and functional differences in siblings are not solely restricted to early 
emotion processing regions. Areas involved in emotion regulation, such as the superior and 
medial frontal gyrus, have also been reported to show lower gray matter volume 
(Palaniyappan et al., 2012) and abnormal activation patterns (van Buuren et al., 2011; 
Venkatasubramanian et al., 2010) in relatives of patients with schizophrenia compared to 
controls. This indicates that these abnormalities might not only be related to the early 
phases of emotion processing, but might also extent to the later phase of emotion regulation. 
To this extent, we examined the neural correlates of emotion regulation in siblings of patients 
with schizophrenia (chapter 7).

Ultra-high risk group

The onset of schizophrenia is often preceded by a prodromal phase, also called the At-
Risk Mental State (ARMS). During this phase, ARMS individuals experience subclinical 
psychotic symptoms and a decline in social functioning (Yung and McGorry, 1996). Individuals 
who meet the criteria for ARMS (see Table 1.1) are at ultra-high risk (UHR) for developing 
psychosis, with transition rates of 29% after two years (Fusar-Poli et al., 2012). Several terms 
have been applied to describe this group, such as ARMS, UHR and clinical high risk (CHR). In 
this thesis the term UHR will be used. Previously, the focus in UHR literature has been mainly 
on difficulties in cognitive processing. For example, research reported UHR subjects to have 
more cognitive impairments than controls (for overview see Woods et al., 2010) and show 
lower activation in the ACC, VLPFC, DMPFC and parietal cortex during cognitive tasks (i.e. 
N-back and oddball-task) (Fusar-Poli et al., 2010; Fusar-Poli et al., 2011b; Morey et al., 2005). 
More recently, literature has also indicated that subjects at UHR for psychosis perform worse 
at facial and vocal emotion recognition tasks (Addington et al., 2012b; Amminger et al., 
2012a; Amminger et al., 2012b; Comparelli et al., 2013) and show more amygdala activation 
and less VLPFC activation during emotion processing (Gee et al., 2012).

Both the cognitive and affective neuroimaging literature points to lower brain activation 
in the UHR group. Although most of these findings are related to non-emotional processing, 
the ACC, VLPC and DMPFC are also involved in emotion regulation (Buhle et al., 2013) and 
reappraisal can be seen as a cognitive emotional task (Ochsner and Gross, 2005). 
Furthermore, structural studies have shown lower gray matter volume in these regions in 
subjects at UHR for psychosis (Fusar-Poli et al., 2011a). Together with the emotion regulation 



15

GENERAL INTRODUCTION|

1Criteria
1. An impairment in social functioning
    SOFAS score of  ≥ 50 or a 30% drop in SOFAS scores (Goldman et al., 1992)

2. Part of at least one of these three subgroups
a. Genetic vulnerability

At least one first-degree relative with a history of psychosis or with a schizotypal personality 
disorder

b. Attenuated symptom group
Intensity and frequency scores within the specified range (see CAARMS manual) on one or 
more attenuated positive symptoms

c. Brief limited intermittent psychotic syndrome (BLIPS)
Intensity and frequency scores above the cut-off of psychosis (see CAARMS manual) on one or 
more of the positive symptoms
Symptoms are present for less than one week and remit spontaneously

Rietdijk et al. (2010); Abbreviations: CAARMS: Comprehensive Assessment of At-risk Mental States; SOFAS: Social 
and occupational functioning assessment scale

difficulties reported in patients (e.g. van der Meer et al., 2009), this suggests that subjects at 
UHR for psychosis might also be impaired at emotion regulation. To examine this, we 
performed an fMRI-study including UHR subjects to examine the use and neural correlates 
of reappraisal in this group (chapter 8).

In sum, the work presented in this thesis aims to contribute to the knowledge of the 
neural basis of emotion processing and regulation in subjects at ‘high risk’ for psychosis. 
Identifying emotion processing and regulation difficulties in high risk groups is of great 
importance as these difficulties may increase the vulnerability to psychosis. Understanding 
the neural basis of these problems will give insight in the underlying mechanisms of emotion 
dysregulation in subjects at increased risk for psychosis and may lead to more targeted 
interventions in the future. In part I of this thesis we will focus on subjects with a putative 
high risk for psychosis due to high alexithymia scores. In part II we focus on siblings of 
patients with schizophrenia from the Genetic Risk and Outcome of Psychosis study (see Box 
1.1) with an increased genetic risk for psychosis. In part III we present the results regarding 
subjects at UHR for developing psychosis. In the final chapter (chapter 9), the findings of the 
presented studies will be integrated and discussed. Furthermore, suggestions for future 
research and clinical implications will be given.

|Table 1.1 At risk mentral state criteria
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Box 1.1: The Genetic Risk and Outcome of Psychosis study

The Genetic Risk and Outcome of Psychosis (GROUP) study is a longitudinal multi-center study. The 
aim of the GROUP-study is to examine the genetic and non-genetic risk and resilience factors for 
non-affective psychotic disorders. The GROUP-study is a collaboration of the Academic Medical 
Center of Amsterdam, the University Medical Center Groningen, the University Medical Center 
Utrecht and the Maastricht University Medical Center. At baseline, 1120 patients, 1057 siblings, 919 
parents and 590 healthy controls were included. For a complete overview of the objectives and 
methods of the GROUP-study, see Korver et al. (2012). 

Add-on study
In collaboration with the Free University of Amsterdam and the Academic Medical Center of 
Amsterdam, an add-on study of the GROUP-study was performed. In this add-on study, 98 healthy 
siblings and 85 healthy controls were included. The aim of this add-on study was to examine the 
neural correlates of cognitive and emotion processing in subjects at genetic risk for developing 
schizophrenia. Furthermore, the neural correlates in relation to several genetic polymorphisms were 
investigated.
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