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“Marja Krijnen was in her early twenties when she gradually drifted away from 
reality. Facing the pressure of her study and family problems, she started to 
hear voices, see people who were not there, and became obsessed with bizarre 
details, such as texts on cars like ‘Auto repair company Jansen & Jansen’. She 
became more lonely, unhappy and started to withdraw into her own world.

‘I felt very vulnerable’, Krijnen says, now in her forties. ‘I misjudged situations 
and hardly stood up for myself. For some reason, this is clearly visible to others, 
and I became an easy target for anyone who meant harm. Sometimes I would 
randomly take a train to get away from the voices, without taking the practical 
consequences into account. One time I stranded at Brussels station in the 
middle of the night, a terrible atmosphere, and I was assaulted. Another time, 
I ended up in Paris and I walked into a shopping street, when a man grabbed 
me by my arm and dragged me into a hotel. I froze and let it all happen. I never 
reported the sexual abuse. I lost the perception of the boundary between what 
is normal and abnormal.’

Not long after, she found a brick in her living room one morning, and her 
window was completely shattered. ‘I was not sure whether this brick was 
meant for me personally, but a normal human being would have called the 
police and subsequently the glass repair service. But I wasn’t able to do so. 
The first thought that came to mind was: get out of here! I shut the front door 
behind me and went straight to my mother’. 

She did not speak to anyone about these incidents. ‘I think I was ashamed, and 
I wanted to keep up appearances. No one was to know how miserable I was, 
because then I would have to admit to myself that my life was a mess’. “

Source: Timmermans, M. (2018, 8 June). ‘Schizofreniepatiënten krijgen kickboksles om minder 
kwetsbaar te worden’. Volkskrant. https://www.volkskrant.nl/wetenschap/ schizofreniepatient-
en-krijgen-kickboksles-om-minder-kwetsbaar-te-worden~bb143d35/

In the movies, newspapers and other media sources, psychosis is often linked to 
violence and aggression. However, contrary to popular belief, people diagnosed 
with a psychotic disorder are more often the victim than the perpetrator of a crime 
(Dean et al., 2007). Although victimization can have a major impact on people’s lives, 
no evidence-based intervention targeted at victimization is available. To prevent 
victimization of individuals with a psychotic disorder a body-oriented resilience 
therapy has been developed, based on pre-defined putative associated factors derived 
from the literature. In this dissertation we explored the feasibility of this therapy by 
means of a pilot and subsequently we performed a multicenter randomized controlled 
trial to investigate effects on behavioral outcomes (e.g. incidents of victimization, 
associated factors and generic outcomes). In addition, we conducted an MRI study to 
gain more insight in which brain areas or networks are associated with victimization 
of individuals with psychosis, and to explore the effects of the intervention on brain 
activation. Because the therapy contains physical exercise we also reviewed studies 
which have investigated the neural effects of physical exercise interventions in people 
with a psychotic disorder and healthy individuals.
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BroaDEr ConTExT: ThE nWo rESEarCh ProgrammE

Not only patients with psychosis but psychiatric patients in general are at an increased 
risk of victimization (Teplin, McClelland, & Abram, 2005). For example, in a large 
Dutch multi-site epidemiological study, almost half of the 956 included participants 
diagnosed with a chronic (≥ 2 years) psychotic disorder, bipolar disorder or major 
depressive disorder had been victim of a crime in the past year (Kamperman et al., 
2014a). In addition, compared to the general population, patients with a dual diagnosis 
including psychotic disorder, personality disorder, mood disorder, anxiety disorder, 
intellectual disability and attention deficit/hyperactivity disorder reported more 
incidents of violent victimization (60% vs. 11%), property victimization (58% vs. 
30%), and vandalism (21% vs. 14%) in the year preceding assessment (de Waal et al., 
2018). Moreover, a recent longitudinal study revealed that psychiatric symptoms were 
prospectively associated with reporting subsequent violent victimization (Bhavsar et 
al., 2018). Because of the emerging evidence on victimization of psychiatric patients, 
the Dutch Organization of Scientific Research (NWO) launched the research program 
‘Violence against psychiatric patients’ (‘Geweld tegen psychiatrische patienten’). The 
objective of this program was to gain more insight in the nature of victimization and 
in risk factors for victimization, and to develop interventions aimed at preventing 
victimization of psychiatric patients. To this end, five intervention studies were 
designed, each targeting a different patient group: the SOS study for dual diagnosis 
patients with substance use disorders (de Waal et al., 2015), the VICTORIA study on 
SMI patients (Albers et al., 2018), the VRAPT study for forensic psychiatric patients 
(Klein Tuente et al., 2018), the ALERT project in depressed individuals (Christ et al., 
2018a) and the BEATVIC study for people with a psychotic disorder (van der Stouwe 
et al., 2016). This thesis concerns the BEATVIC study. 

PSyChoSiS

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM 5, APA), 
schizophrenia spectrum disorders concern a spectrum of mental disorders (see text 
box 1) that are characterized by hallucinations and delusions, negative symptoms 
(e.g. anhedonia, avolition and alogia), cognitive impairments and affective symptoms 
(American Psychiatric Association, 2013; van Os & Kapur, 2009). Hallucinations are 
defined as sensory perceptions in the absence of an external stimulus (e.g. hearing 
voices), while delusions are false beliefs or ideas often derived from misinterpretations 
of perceptions that are held with strong conviction and that cannot be understood in 
terms of a person’s social or cultural background. Negative symptoms may include 
anhedonia, which is the loss of experienced pleasure during normally pleasant 
activities, avolition that is defined as decreased motivation to initiate and pursue self-
directed activities, and/or alogia, which refers to reduced speech. It has been proposed 
that negative symptoms are best characterized by two subdomains, namely expressive 
deficits that refer to disturbances in the outward expression of emotion or speech, 
and amotivation, which is thought to reflect reduced self-initiated behaviors. This has 
been confirmed by factor analyses on often-used scales for the assessment of negative 
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symptoms (Liemburg et al., 2013). Cognitive impairments comprise e.g. attention 
deficits, impairments in memory, executive functioning and in social cognition (Owen 
et al., 2016). Affective symptoms may include depression or mania. People with a 
diagnosis in the psychotic spectrum experience one or 
more of these symptoms, in various compositions.

Worldwide, approximately one in 150 individuals is diagnosed with a psychotic 
disorder at some point during their lifetime (Moreno-Küstner et al., 2018). The origin 
of psychotic symptoms is still unclear, but it is generally assumed that an interplay 
between a genetic predisposition and unfavorable environmental factors determines 
who will be affected. Most often, symptoms manifest themselves in the early twenties 
for men and a few years later for women (Kirkbride et al., 2006; van Os & Kapur, 
2009). Typically, incidence rates are higher in men until the mid-thirties and higher 
in women after the mid-forties in their meno-pause (Aleman et al., 2003; Kirkbride et 
al., 2012). Psychotic spectrum disorders can cause a large burden on patients, in the 
first place because of distressing symptoms and more indirectly because of physical 
health issues and/or social aspects. Compared to the general population, patients 
suffer more often from the metabolic syndrome (Mitchell et al., 2013), type two 
diabetes (Stubbs et al., 2015) and cardiovascular disease (Gardner-Sood et al., 2015). 
With regard to social burden, people with a psychotic disorder regularly experience 
problems in education, employment and relationships, and also encounter social 
stigma which can lead to reduced social participation and in social isolation (Rössler 
et al., 2005; Schulze & Angermeyer, 2003).

Text box 1. DSM 5 Schizophrenia Spectrum and Other Psychotic Disorders 
(American Psychiatric Association, 2013)

-   Delusional Disorder
-   Brief Psychotic Disorder
-   Schizophreniform Disorder
-   Schizophrenia
-   Schizoaffective Disorder
-   Substance/Medication-Induced Psychotic Disorder
-   Psychotic Disorder Due to Another Medical Condition
-   Catatonia Associated With Another Mental Disorder (Catatonia Specifier)
-   Catatonic Disorder Due to Another Medical Condition
-   Unspecified Catatonia
-   Other Specified Schizophrenia Spectrum and Other Psychotic Disorder
-   Unspecified Schizophrenia Spectrum and Other Psychotic Disorder
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ViCTimizaTion in PSyChoSiS

Prevalence

Prevalence rates of victimization in people with a psychotic disorder vary across studies 
due to differences in sample characteristics, the operationalization of victimization 
and the examined reference period. Victimization is most often operationalized as an 
event  in which an individual is the target of  a criminal act by another individual. 
While in few studies participants were only asked whether they had been a victim of 
a crime, most studies used more extensive questionnaires and distinguished violent 
victimization, sexual victimization, nonviolent victimization and victimization not 
otherwise specified. A review by our group (de Vries et al., 2018a) on 27 studies 
revealed that the median year prevalence rate for sexual victimization in people with 
a psychotic disorder is 20%, for non-sexual violent victimization 20%, for nonviolent 
victimization 19% and for victimization not otherwise specified 19% when examined 
over a short reference period (≤ 3 years). Examination of entire adulthood resulted 
in higher prevalence rates, namely 66% for violent victimization, 39% for nonviolent 
victimization and 27% for sexual victimization. Moreover, studies that compared 
prevalence rates of individuals with a psychotic disorder with average prevalence 
rates in the general population, showed that these were between four and six times 
higher for people with psychosis. 

risk factors

The literature points out several risk factors that may play a role in victimization of 
patients with a psychotic disorder.  
Symptoms such as social cognitive deficits, hallucinations, delusions, manic symptoms, 
and personality disorder features might make patients more vulnerable (de Vries et 
al., 2018b; DePrince, 2005a). An offender may perceive someone with many symptoms 
as an easy target, and/ or symptoms may provoke anger or aggression more easily in 
potential offenders. Furthermore, mentioned symptoms, especially social cognitive 
deficits, may have a negative impact on social interactions and social functioning 
(Couture et al., 2006). Inadequate social behavior may hinder the development of a 
solid social support system and may enhance the chances of conflicting relationships. 
Moreover, social cognition problems,  for example theory of mind (ToM) deficits 
and emotional face processing difficulties may directly put individuals at risk for 
victimization, because cues of potentially dangerous social situations such as angry or 
threatening facial expressions of a perpetrator might be missed (Baas et al., 2008). In 
section 1.5 we elaborate further on the putative association between emotional face 
processing and victimization. 
In addition to the burden of symptoms, people with a psychotic disorder encounter 
stigmatization (Schulze & Angermeyer, 2003). Such stigmatization is not limited to 
others and society, but patients may also have self-stigmatizing thoughts. Self-stigma 
arises when people with a mental disorder are aware of negative stereotypes associated 
with their diagnosis, internalize these stereotypes and apply them to themselves 
(Corrigan et al., 2006). Victimization enhances self-stigma, leading to negative self-
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esteem and decreased assertiveness and empowerment (Horsselenberg et al., 2016; 
Kleim et al., 2008; Livingston & Boyd, 2010). Consequently, patients may become more 
prone to victimization, leading to a vicious circle between (re)victimization, stigma 
and self-stigma.
According to the literature, another vicious circle concerns the association between 
negative life experiences such as childhood abuse and previous victimization with (re)
victimization. Traumatic life experiences may lead to negative beliefs about the self, 
self-blame or feelings of guilt which makes individuals vulnerable to revictimization 
(Krkovic et al., 2018; Shevlin et al., 2013). Furthermore, it has been established 
that exposure to threat or trauma stimulates the autonomic nervous system 
(ANS), resulting in sympathetic hyperarousal and parasympathetic (dorsal-vagal-
mediated) hypoarousal states. This co-activation of sympathetic and parasympathetic 
components of the ANS lead to behavioral freeze responses (Ogden et al., 2006). 
Freezing is identified as one of the three behavioral responses to cope with threat, 
alongside fighting and flighting. In the literature it has been suggested that as a result 
of the failure to fight or escape during an initial threatening event, freezing becomes 
a conditioned behavioral response (Van Der Kolk, 2006). In subsequent threatening 
events, such as a potential dangerous social situation, freezing might serve as a risk 
factor leading to higher chances of (re)victimization.  
Furthermore, perpetration may be a risk factor as in some cases perpetration and 
victimization go hand in hand (Hodgins & Klein, 2017; Jennings et al., 2012). For 
example, if one individual steals property (e.g. a motor bike) of someone else which 
leads to violent behavior of this second person towards the first, roles of victim and 
perpetrator swap. Compared to people with a psychotic disorder that have not been 
victimized, patients that have been a victim of a crime also have been more often an 
offender of a crime (Fitzgerald et al., 2005; Honkonen et al., 2004). A study on murder 
offenders showed that those with a psychotic disorder are 3.19 times more likely to 
be motivated by revenge than nonpsychotic offenders and those with no diagnosis. 
For the offenders with a psychotic disorder the perception of having been wronged in 
some way was a potential risk marker for planning and committing a serious offense 
(Hachtel et al., 2018). For part of the individuals with a psychotic disorder in general 
aggression regulation problems or reduced illness insight which can be associated 
with aggressive behavior (Ekinci & Ekinci, 2012) may elicit conflicts eventually 
resulting in victimization of the patient (Witt, van Dorn, & Fazel, 2013).
Other risk factors cited in the literature concern substance abuse and demographic 
factors such as homelessness, unemployment, and living in a disadvantaged 
neighborhood (de Vries et al., 2018b). These factors may expose people to potentially 
dangerous and criminal environments with close proximity to possible offenders.

Victimization model 

Of the many risk factors of victimization derived from empirical studies, we could only 
use factors that may be amendable to change by psychosocial therapies as treatment 
targets. These factors were selected and incorporated in a model which formed the 
basis of our intervention (figure 1; van der Stouwe et al., 2016).  
Firstly, mentioned social cognitive deficits which may lead to social inadequate 
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behavior have been included in the model. Social cognition is not static and can be 
improved by means of training (Dodell-Feder et al., 2015). Typically, specific strategies 
are practiced in social cognition training (e.g. looking at certain face characteristics to 
see how someone else feels) (Horan et al., 2009; Roberts et al., 2014). Furthermore, 
the vicious circle between self-stigma and victimization via low self-esteem, decreased 
assertiveness and empowerment has been incorporated in the model (Horsselenberg 
et al., 2016; Kleim et al., 2008; Livingston & Boyd, 2010). Self-stigma can be considered 
as an important treatment target in general as it causes a lot of burden and self-
stigma serves as a predictor of adherence to psychosocial treatment (Fung et al., 
2008). Also the chain reaction between previous victimization and revictimization via 
physiological and behavioral mechanisms has been included in the model. In body-
oriented therapy interventions trauma victims can learn to recognize behavioral 
responses such as freeze, fight and flight and can experiment with these different 
types of behavior in a safe environment (Ogden et al., 2006; Van Der Kolk, 2006). And 
lastly, the model emphasizes the overlap between victimization and perpetration 
as preventing one may prevent the other (Silver et al., 2011). Aggression regulation 
problems or reduced illness insight were mentioned as possible pathways to social 
inadequate or aggressive behavior (Ekinci & Ekinci, 2012) which may elicit conflicts 
eventually resulting in victimization of the patient (Witt et al., 2013). Therefore, 
both were entered in the victimization model as potential targets of an intervention. 
Although it is important to test the constructed model, validation of the model is 
beyond the scope of this dissertation.

Poor illness 
insight

Self stigma

Reduced:
Self-esteem

Assertiveness
Empowerment

Impaired social 
cognition

Inadequate 
social behaviour

Aggression regulation 
problems

Altered physiological 
and behavioural 

response to stress

Victimization

figure 1. Victimization model
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BEaTViC inTErVEnTion

Based on the victimization model BEATVIC was developed; a body-oriented resilience 
therapy, in which a body-oriented approach is combined with elements of social 
cognition training, assertiveness training and martial arts. Because victimization 
often occurs and derives from factors at a non-verbal level, we chose an experiential 
approach which combines body awareness exercises with physical activity, in 
contrast to primarily verbal interventions. This approach has its origin in what in 
some countries is called psychomotor therapy (Probst, 2010) or body-oriented 
psychotherapy (Röhricht, 2015; Röhricht et al., 2009) and is typically provided by 
a discipline of therapists specialized in movement and body oriented interventions, 
in European countries referred to as psychomotor therapists (see www.psychomot.
org/). A body-oriented and an experience-based approach enables patients to learn 
about their automatic natural tendencies and experiment with new and social 
adequate behavior. On the other hand, by performing exercises with a partner or by 
observing exercises participants also learn to interpret behavior and recognize body 
language or facial expressions of others, which are crucial goals in social cognition 
training. Studies have shown that assertiveness training has a positive effect on self-
esteem, self-efficacy, perceived control and assertiveness (Brecklin, 2008; Hojjat et 
al., 2015). In BEATVIC, exercises derived from assertiveness training concern setting 
boundaries. Martial arts were chosen because of their potential to serve as a means to 
acquire mental resilience, self-efficacy and empowerment, and to increase aggression 
regulation (Hasson-Ohayon et al., 2006; Moore et al., 2018). We selected kickboxing 
specifically because techniques are achievable for everyone regardless of someone’s 
physical condition which may result in experiences of success, enhancing self-esteem. 
Furthermore, kickboxing enables participants to socially interact with each other and 
it requires continuous reading of each other’s body language and facial expression 
Moreover, kickboxing is a popular form of sports in the Netherlands and is offered 
at many regular sports centers. Therefore, kickboxing may be appealing, non-
stigmatizing and might increase therapy adherence.
BEATVIC  is provided by a body-oriented therapist and an experiential expert. In mental 
health care, involving experiential experts have become more common in the past 
decades. Although more research is needed, studies thus far show that deployment of 
experiential experts is of important added value with regard to recovery, (self-)stigma 
and empowerment (Cook et al., 2012; van Vugt et al., 2012). Experiential experts can 
serve as a role model by showing that regardless of a long illness history it is possible 
to take control of certain situations and to even use this experience to support others.

nEural ProCESSES aSSoCiaTED WiTh ViCTimizaTion in PSyChoSiS

Up until now, research on victimization of people with a psychotic disorder has focused 
on personal factors (e.g. symptoms, social functioning, behavioral characteristics) and 
environmental factors (e.g. disadvantaged neighborhood), with little emphasis on 
potential related neural processes. However, information on the neural correlates of 
psychological processes involved can provide important insights in either underlying 
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mechanisms or consequences of victimization. Therefore, in the second part of 
this thesis we focus on neural processes, with special emphasis on social cognitive 
processes as a putatively associated factor of victimization and as an important 
outcome of the BEATVIC therapy. In the literature, four core research domains of 
social cognition have been identified: emotional perception and processing, social 
perception and knowledge, theory of mind and attributional style (Pinkham, 2014). 
Of these domains, deficits in facial emotion processing  have been explicitly suggested 
to play a role in victimization of people with a psychotic disorder in previous research 
(Baas et al., 2008). Especially processing of angry and fearful facial expressions might 
be relevant. Angry expressions signal a direct and immediate threat from a potential 
perpetrator, while fearful expressions indicate a possible presence of a significant 
source of threat in the environment, as witnessed by others (Fridlund, 1994).

EmoTional faCE ProCESSing & ThE Brain

Research has consistently shown several key brain regions to be involved in the 
processing of emotional faces. First of all, visual areas such as occipital regions, the 
fusiform gyrus and the superior temporal sulcus play a role in the early perceptual 
processing of facial stimuli (Fox, Iaria, & Barton, 2009; Fusar-Poli et al., 2009; Gobbini 
& Haxby, 2007). The occipital regions are responsible for the early processing of faces, 
subsequently transferring information to the temporal regions, of which the superior 
temporal gyrus is involved in processing changing aspects of face perception and the 
fusiform gyrus most strongly responds to tasks focusing of facial identity (Haxby et al., 
2000; Pelphrey & Morris, 2007; Winston et al., 2002). Furthermore, limbic areas such 
as the amygdala, the insula and the anterior cingulate cortex (ACC) are implicated in 
emotional face processing (Campos et al., 2016; Delvecchio et al., 2017). The amygdala 
responds to emotionally and socially relevant information (Adolphs, 2010), the insula 
is involved in processing aversive emotions such as disgust, fear and anger (Lindquist, 
Kober, & Barrett, 2012) and the ACC has projections to both the amygdala and the 
prefrontal cortex and is therefore, amongst other functions, implicated in emotion 
regulation and monitoring of the saliency of emotional information (Stevens et al., 
2011). Finally, frontal regions also play a role in processing of emotional face stimuli. 
For example, the orbitofrontal cortex has been found to monitor future outcomes of 
social behavior (Amodio & Frith, 2006) and the ventrolateral prefrontal cortex has 
been found to modulate the amygdala during the process of evaluative judgments of 
faces (Pinkham, 2014). For a visual representation of the brain areas involved in face 
processing, see figure 1.
In psychotic disorders, these areas have shown aberrant activation in response to 
emotional face processing. A recent meta-analysis on facial emotion processing 
found that, compared to the general population, people with schizophrenia showed 
decreased activation throughout the facial affect processing areas (e.g. FG, amygdala, 
insula, ACC, medial frontal gyrus, para-hippocampal gyrus, right medial dorsal 
thalamus) (Delvecchio et al., 2017).
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Insula ACC
vmPFC

OFC

STG

AmygdalaFG

figure 2. Brain regions involved in face processing. ACC=anterior cingulate cortex, FG=fusiform 
gyrus, STG=superior temporal gyrus, OFC= orbitofrontal cortex.

Emotional face processing as a risk factor

Individuals with a psychotic disorder show different brain response to emotional face 
processing and experience difficulties in recognizing facial expressions (Aleman & 
Kahn, 2005; Kohler et al. 2010). While no previous studies investigated the association 
between victimization and emotional faces processing, our research was based on 
various studies on behavioral and brain response to emotional faces in psychosis. 
Baas et al. (2008) showed that people with a psychotic disorder rated pictures of faces 
in a task as more trustworthy, especially those that were judged to be untrustworthy 
by healthy participants. Although this finding may seem counterintuitive at first 
glance with regard to paranoid symptoms, the finding of aberrant behavioral face 
processing is in line with neuroimaging findings of decreased activation throughout 
facial affect processing areas. By perceiving faces as less threatening an individual 
may miss an important social cue necessary to anticipate to a potential dangerous 
social situation. On the other hand, a couple of studies have indicated that individuals 
with schizophrenia tend to interpret emotional faces as more negative than healthy 
individuals (Kohler et al., 2010; Savulich et al., 2015), which may be associated with 
increased brain activation. Perceiving faces as more negative may lead to conflicts 
more easily which could ultimately result in victimization. Regardless of the valence 
of an interpretation bias, difficulties in processing faces may be a potential source of 
victimization. 
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altered threat processing as a consequence

While difficulties in face processing may lead to victimization, victimization in turn 
may lead to changes in responses to threatening facial stimuli. As mentioned in the 
description of the victimization model, victimization is a type of trauma, in some cases 
leading to post traumatic stress disorder (PTSD), which may result in sympathetic 
hyperarousal and parasympathetic (dorsal-vagal-mediated) hypoarousal states 
(Corrigan et al., 2011). Although neural processes related to victimization in patients 
with a psychotic disorder have not been investigated yet, previous studies did explore 
processing of threatening stimuli in traumatized individuals. Indeed, studies found 
increased sensitivity to threatening information such as angry faces (Melih et al., 
2017) as reflected by increased brain activation in the amygdala, the hippocampus 
and the ACC (Cisler et al., 2014; Garrett et al., 2012) in people that had experienced 
traumatic events. Other studies reported decreased brain activation of thalamus, the 
ACC, and the medial frontal gyrus during traumatic memories (Lanius et al., 2001) 
or decreased resting-state network connectivity within the default mode network, 
salience network, sensorimotor network and auditory network during (Zhang et al., 
2015). Hagenaars et al. (2014) posit that freezing comprises a combination of the 
aforementioned responses; arousal and immobility. In line with this idea, based on 
animal research, the amygdala and the ventrolateral periaqueductal gray (PAG) seem 
to be implicated in the freezing response (Roelofs, 2017). 
In summary, the brain response to threatening facial expressions as a putatively 
relevant factor for victimization is insufficiently understood at present, but gaining 
knowledge regarding this relationship may provide more insight in victimization and 
may ultimately have clinical implications.

nEural EffECTS of BEaTViC

Neural response to threatening emotional faces was also investigated as an outcome 
measure of BEATVIC since emotional face processing and social cognition as a whole 
were important targets of the intervention. Unraveling the neural correlates of effects 
of therapeutic interventions such as BEATVIC can have important implications for our 
understanding of the mechanisms of therapeutic change (Brenner et al., 2006; Van 
Der Gaag, 2006). While we were the first to investigate this specific therapy, several 
previous studies looked at neural effects of social cognition training (SCT), which 
also targets emotional face processing. A review on neural effects of SCT reported 
increased activation in regions that typically show decreased activation in response 
to emotional faces in psychosis, namely in the insula and amygdala, in occipital areas 
and in frontal areas. These neural changes were related to improvements in social 
cognitive performance (Campos et al., 2016).
Because BEATVIC combines elements of different approaches and also contains 
physical exercise it was considered worthwhile to also investigate the neural effects 
of other physical exercise interventions in psychotic disorder to gain insight in the 
specific effect of this element of the therapy. In the past decade, studies on exercise 
interventions in psychotic disorders emerged reporting promising effects on positive 
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and negative symptoms, cognition, depression, social withdrawal, self-esteem and 
fitness (Dauwan et al., 2016; Firth et al., 2015). It has been suggested that exercise 
interventions may be important complementary interventions because they target 
symptoms that are addressed insufficiently in existing treatments, such as negative 
symptoms, cognitive deficits and cardo metabolic factors such as fitness.

ouTlinE

We address two general objectives in this dissertation. In the first part, we aim to 
investigate the effect of BEATVIC on the behavioral level. In Chapter 2, we examine the 
feasibility of the BEATVIC intervention in preparation of a larger randomized controlled 
trial. More specifically, we explore the feasibility of the intervention, to improve the 
intervention protocol and to explore suitable outcome measures for a subsequent RCT. 
In Chapter 3, we describe the study protocol of our multi-center RCT. Lastly, in Chapter 
4 we investigate the effect of the BEATVIC intervention on victimization, associated 
factors of victimization (e.g. social cognition, interpersonal behavior, internalized 
stigma) and more generic outcomes (e.g. quality of life, recovery). 
The second part of this thesis emphasizes the neural level: we aim to investigate 
neural correlates of victimization, neural effects of exercise interventions in general 
and more specific the neural effects of BEATVIC. In Chapter 5 we focus on the domain 
‘face processing’ of social cognition as a possible associated factor of victimization. 
We report an MRI study to determine whether victimized patients with a psychotic 
disorder show differences in brain activation and brain connectivity during processing 
of angry facial expressions compared to patients that have not been victimized. In 
preparation of the study on neural effects of the BEATVIC intervention, in Chapter 
6 we investigate neural effects of exercise interventions as BEATVIC also contains 
exercise. In Chapter 7 we report a study on the neural effects of BEATVIC using two face 
processing task, of which one was also used in Chapter 4. Finally, the main findings are 
summarized, and clinical implications, methodological considerations, and directions 
for future research are discussed in Chapter 8.
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aBSTraCT

Background: People with a psychotic disorder have an increased risk of becoming the 
victim of a crime. To prevent victimization a body-oriented resilience therapy using 
kickboxing exercises was developed. This study aims to explore the feasibility of the 
therapy, to improve the therapy protocol and to explore suitable outcomes for a RCT.
methods: Twenty-four adults with a psychotic disorder received 20 weekly group 
sessions in which potential risk factors for victimization and strategies for dealing 
with them were addressed. Sessions were evaluated weekly. During pre and post 
assessment participants completed questionnaires on, among other, victimization, 
aggression regulation and social functioning. 
results: The short recruitment period indicates the interest in such an intervention 
and the willingness of patients to participate. Mean attendance was 85.3% and 88% 
of the participants completed fifteen or more sessions. The therapy protocol was 
assessed as adequate and exercises as relevant with some small improvements to be 
made. The victimization and aggression regulation questionnaires were found to be 
suitable outcome measurements for a subsequent RCT.
Conclusion: The results support the feasibility of the BEATVIC therapy. Participants 
subjectively evaluated the intervention as helpful in their attempt to gain more self-
esteem and assertiveness. With some minor changes in the protocol the effects of 
BEATVIC can be tested in a RCT. 
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inTroDuCTion 

With psychotic disorder having a median global prevalence of 4.6 per 1000 persons 
(Moreno-Küstner et al., 2018), and this leading to a four to six times higher risk of 
becoming a victim of a crime (Dean et al., 2007; Morgan et al., 2016), the prevention of  
victimization in these already vulnerable people is an important public health concern 
(Choe et al., 2008). However, currently there is no evidence-based intervention which 
aims to decrease the risk of victimization for people with a psychotic disorder.

To prevent victimization of people with a psychotic disorder, a body-oriented 
resilience therapy with kickboxing exercises was developed, henceforward referred to 
as BEATVIC (van der Stouwe et al., 2016). This therapy is based on principles of what 
is called body-oriented psychotherapy in Anglo Saxon countries (Röhricht, 2014), or 
what in European countries is referred to as psychomotor therapy (PMT) (Boerhout 
et al., 2013). PMT is an experience-based approach, which combines physical activity 
with body and emotional awareness (Boerhout et al., 2017). 

The intervention addresses several important risk factors that are assumed to be 
associated with victimization in individuals with a psychotic disorder, and which 
are amenable to change (see Figure 1). First of all, social cognitive impairments are 
common in people with a psychotic disorder and may lead to difficulties in social 
functioning (Addington et al., 2010; Couture et al., 2006) which is associated with 
victimization (Chapple et al., 2004). Another potential risk factor is poor insight. A lack 
of clinical and/or cognitive insight is associated with aggressive behaviour (Ekinci & 
Ekinci, 2012), which itself could elicit aggression in others (Hiday et al., 2002), leading 
indirectly to victimization. Accordingly, another factor that is addressed in BEATVIC 
concerns problems in aggression regulation. Self-stigma, e.g. as a result of earlier 
victimization (Horsselenberg et al., 2016)could result in low self-efficacy (Kleim et 
al., 2008), low self-esteem and reduced empowerment (Livingston & Boyd, 2010). 
Consequently, people may experience difficulties standing up for themselves in social 
situations which makes them more prone to become victimized (Egan & Perry, 1998). 
For people with psychosis, as for anyone else, the traumatic experience of being a 
victim may lead to hyper arousal including an increased physiological arousal (Peri 
et al., 1999) and emotion dysregulation. This could impair the ability to adequately 
detect or respond to risks and for this reason it may be associated with revictimization 
(Iverson et al., 2013). Victimized people often get revictimized, suggesting a vicious 
cycle, which is included in the model as well. For a more comprehensive explanation 
of risk factors see an earlier published paper (van der Stouwe et al., 2016).

A suitable intervention should address several of the suggested risk factors and 
encompass ways to deal with the underlying deficits and inadequate responses. From 
this perspective BEATVIC was developed. In this psychomotor intervention, positive 
effects of physical exercise (e.g. improve physical and psychological functioning) 
(22), were combined with those of assertiveness training (e.g. increase self-esteem, 
assertiveness) (Seagull, 2014; Temple & Robson, 1991) and martial arts (e.g. positive 
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effect on aggression regulation, empowerment and social interactions) (Elling et al., 
2010; Hasson-Ohayon et al., 2006; Twemlow et al., 2008). To provide an activating, 
challenging and possibly destigmatizing context kickboxing was used as the basic 
form of exercise.

The current feasibility study was set up in preparation for a multicentre randomized 
controlled trial (RCT), aimed at investigating the effectiveness of BEATVIC. The aim of 
the current study was threefold: (1) to explore the feasibility of the intervention and 
application of a RCT; (2) to improve the intervention protocol; (3) to explore suitable 
outcome measures for a possible subsequent RCT.

Poor illness 
insight

Self stigma

Reduced:
Self-esteem

Assertiveness
Empowerment

Impaired social 
cognition

Inadequate 
social behaviour

Aggression regulation 
problems

Altered physiological 
and behavioural 

response to stress

Victimization

figure 1. Victimization model

mEThoDS

This feasibility study had a pretest-posttest quasi-experimental design without a 
control group. 

Participants

Twenty-four participants were recruited from five teams from both in- and outpatient 
facilities of the department of psychotic disorders of GGZ-Drenthe in Assen, in the 
Netherlands. In order to be eligible to participate in this study, the participants had 
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to meet the following criteria: (1) a diagnosis in the psychotic spectrum according to 
DSM-IV-TR criteria, verified by the Mini-SCAN; (2) age of 18 years or older; (3) ability 
to give informed consent. Exclusion criteria were as follows: (1) PANSS mean positive 
symptoms ≥ 5; (2) substance dependence (not substance abuse), verified by Mini-
SCAN; (3) IQ < 70, estimated by the onsite therapist who was treating the patient; (4) 
pregnancy; (5) co-morbid personality disorder or co-morbid neurological disorder, 
both verified by onsite therapist. 

Procedure  

Eligible patients were initially informed about the intervention by their case managers 
or clinicians. Subsequently, the research team provided interested patients with more 
information by telephone, mail and/or through open information meetings. After two 
weeks patients were contacted again for their final decision. When they agreed to 
participate, a screening interview was planned to obtain written informed consent 
and to assess whether the study criteria were met. Three therapy groups of eight 
participants each were scheduled. Before and after BEATVIC pre and post assessments 
were performed.

intervention 

Each session ends with a cooling-down and a discussion of the risk factors that were 
addressed. The latter will help people to make a connection between experiences 
during the therapy and daily life situations. In addition, after and during each session 
the participants check their arousal level and do a calming breathing exercise. 
Furthermore, participants are stimulated to continue kickboxing or to engage in other 
sports after the intervention. A group visit to a training center in the region and/or a 
guest lesson from a local trainer are offered to facilitate this.

measures  

Screening interview During the screening interview the DSM diagnosis and the 
absence of alcohol and drug addiction were verified by the mini Schedules for Clinical 
Assessment in Neuropsychiatry (miniSCAN; WHO, 1992, 1999 Dutch version) (Damhuis 
et al., 2011). The Positive and Negative Syndrome Scale (PANSS), which consists of a 
30 item rating scale based on a semi-structured interview, was administered during 
pre and post assessment, first to verify the absence of florid psychosis and, second 
as an outcome measure indicating the change in severity of the symptoms (Kay et 
al., 1987). Finally, demographic variables including gender, age, family contact, living 
situation and daily activities were collected.

1. Feasibility of the intervention and application of an RCT

To gain knowledge about the feasibility of the intervention, the willingness of the 
therapists to refer participants and the willingness of the patients to participate were 
explored. In a logbook adherence, drop-outs and time schedules were registered. After 
each session and during the final evaluation, trainers and participants were asked 
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whether they observer or experienced any adverse events at home or during a session, 
this was also registered in a logbook. In addition, the clinicians and case managers 
were asked to report possible negative side effect of the intervention in their patient.

2. Evaluation and improvement of the intervention protocol 

Every session was evaluated with the participants (during the group discussion) and 
subsequently by the psychomotor therapist, the expert by experience, the kickboxing 
expert and the researchers who developed the intervention. All exercises were 
reviewed with regard to the content (were the risk factors addressed?), suitability for 
the target group (e.g. mentally or physically not too demanding?), arousal levels (was 
stress increased or decreased?), and learning curve (how often should the exercise be 
repeated before the group managed the technique?). Furthermore, outcomes of the 
evaluation of each session were registered in a log and suggestions for improvement 
were discussed. In the post treatment assessment participants also completed a 
qualitative evaluation questionnaire including eleven open questions about the 
therapy and eighteen items about possible outcomes (e.g. ‘Due to the therapy: I have 
more self-esteem’, ‘I can prevent a fight’, rated from 1 ‘I totally disagree’ to 7 I totally 
agree). 

3. Exploration of outcome measures

In general, the aim of a feasibility study was to explore some of the important 
outcome measures for the RCT, not to test all risk factors as the effect on those will be 
investigated in the RCT (Arain et al., 2010). In our study two different victimization 
and perpetration questionnaires were explored, as well as one questionnaire on social 
behaviour and two on aggression regulation.  

Victimization and perpetration. Three subscales of the Dutch crime and 
victimization survey (Integrale veiligheidsmonitor IVM (CBS, 2016), an adaptation 
of the international crime and victimization survey, were used: personal crimes, 
property crimes and perpetration. 
For comparison, there is IVM data available on 1729 people from the general 
population who live in the same region as the study participants and who were 
interviewed at the time of this study (CBS, 2016). While the IVM has been used in 
large surveys with people with Severe Mental Illness (Kamperman et al., 2014a) and 
in studies with people with psychosis (Horsselenberg et al., 2016) no psychometric 
information is available. However, there are no indications of invalidity of the response 
in these groups. Since the examined time period is one to five years, the instrument 
was not thought to be sensitive to changes over the intervention period of five months. 
Moreover, as the incidence of crime is low, in this feasibility study no changes in 
victimization were expected after the intervention period. Therefore, the IVM was not 
included in the post measurement.
The revised Conflict Tactics Scale (CTS2) (Straus et al., 1996), assesses whether a 
respondent was involved in various types of psychological or physical conflicts and 
their reactions. The following subscales are distinguished: psychological aggression, 
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physical assault, sexual coercion physical injury and negotiation. Since victims not 
always see themselves as having experienced abuse, participants are asked not about 
attitudes, emotions and cognitive behaviours, but to indicate whether 39 forms of 
conflict related behaviours applied to themselves or their partner in a given time 
period. In our study we were interested in a broader range of social interactions and 
thus changed the word ‘partner’ to ‘someone’. Besides the prevalence, it is possible to 
calculate the frequency (or chronicity) in which an incident occurs. Frequency was 
categorized as once, twice, 3–5, 6–10, 11–20 or >20 times in the previous five months 
(Vega & O’Leary, 2007). As the CTS2 measures more subtle forms of victimization than 
the IVM, prevalence rates were calculated at baseline and the frequency of incidents at 
both pre and post measurement were used to explore possible changes. The internal 
consistency, reliability and construct validity of the CTS2 is good (Straus et al., 1996).  

Social behaviour. The Inventory of Interpersonal Situations (IIS) measures social 
anxiety (Van Dam-Baggen & Kraaimaat, 1999). Respondents need to report on the 
frequency of occurrence and the level of discomfort they experience in 35 different 
social situations, ranging from 1 ‘no discomfort’ to 5 ‘very much discomfort’. Five 
subscales are distinguished: giving criticism, expressing opinions, giving compliments, 
initiating contacts, and positive self-evaluation. This questionnaire has been proven to 
be sensitive to change in social anxiety resulting from social interventions for people 
with a severe mental illness (Van Dam-Baggen & Kraaimaat, 2000) and the reliability 
and validity are good (Van Dam-Baggen & Kraaimaat, 1999). The ISS has a Dutch norm 
group from the general population (n=580) and the scaled scores are divided on a 
7-point scale ranging from ‘very low’ to ‘very high’ (Van Dam-Baggen & Kraaimaat, 
2004).  

aggression regulation. To assess aggression regulation we used the Dutch translation 
of The State Trait Anger Expression Inventory (STAXI) (Spielberger, 1996). This 
instrument measures to what extent participants internalize or externalize feelings of 
anger and assesses their control over expression and containment of these feelings of 
anger. Participants respond by rating 40 items on a scale ranging from 1 ‘almost never’ 
to 4 ‘almost always’. The STAXI has been proven to be sensitive to changes in aggression 
regulation resulting from a dance/movement therapy in people with schizophrenia  
(Lee et al., 2015), has good to high psychometric properties (Van Elderen et al., 1996).  
The STAXI has a Dutch norm group from het general population (n=464) (Van Elderen 
et al., 1997). 
The Novaco Anger Scale-Provocation Inventory (NAS-PI) was added to gain insight in 
how people experience anger and what kind of situations provoke anger. A total score 
for anger disposition is calculated with 48 items divided into three domains (cognitive, 
arousal and behavioural). Participant rate the items on a 3-point scale ranging from 
1 ‘never true’ to 3 ‘always true’. The second part is the provocation inventory, with 25 
items on anger-eliciting situations to be rated on a 4-point scale ranging from 1 ‘not 
at all angry’ to 4 ‘very angry’. The NAS-PI has previously been used for people with 
a psychotic disorder (Ringer & Lysaker, 2014) and has good reliability and validity 
(Hornsveld et al., 2011). The NAS-PI has a Dutch norm group of 160 male preparatory 
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secondary vocational education students (Hornsveld et al., 2009).  

Possible influential risk factors. To monitor alcohol and drug use a screening 
list to check for the risk of substance dependence (in Dutch Screening Risico op 
Verslavingsproblemen; (Spijkerman et al., 2011) was applied. The instrument consists 
of eleven questions to determine the amount of alcohol and drugs the participant uses 
in one week or month. To examine whether participants have experienced trauma 
and potential trauma related symptomatology the Trauma Screening Questionnaire 
(TSQ) was administered. The TSQ is a short screening instrument that contains five 
re-experiencing and five arousal items from the DMS-IV PTSD criteria (e.g. “upsetting 
dreams about the event” and “difficulty falling or staying asleep”) participants were 
asked to state whether they experienced these trauma related symptoms twice in the 
past week (yes/no). Both sensitivity and specificity of the TSQ are high (Dekkers et 
al., 2010). The PANSS (see screening interview) was also used to measure possible 
influential risk factors. Video-recorded PANSS interviews were rated by independent 
and trained screeners, who were blind to the moment, pre or post, of assessment.

Statistical analyses 

To explore the outcome measures, pre and post treatment outcomes on each instrument 
were compared separately using a paired sample t-test (two sided). Alpha was set 
at 0.05 and no Bonferroni corrections were made due to the explorative nature of 
the feasibility study. We tested two sided because we wanted to explore both sides of 
the distribution just in case of unexpected results, for example, if kickboxing leads to 
more aggression instead of less aggression. In order to check the assumptions we used 
boxplots, QQ-plots and the Shapiro Wilk test. When assumptions were violated the 
Wilcoxon Signed Rank test was used. All tests were executed with the SPSS package 
for IBM statistics version 23.0.      
As attendance varied between participants, it might be possible that some of the 
participants, who missed multiple sessions, obtained less information and exercise 
and therefore differ from high attenders. Therefore, pre-post analyses were performed 
twice: once including all completers and again including only the high attenders who 
participated in at least 75% of the sessions. The results of all completers are reported 
unless the description in the results says otherwise.  

rESulTS

1. Feasibility of the intervention and application of an RCT

After the therapists and case-managers received detailed information about the 
intervention and the feasibility study, all teams agreed to participate and were willing 
to refer patients. In four of the five teams the case load was screened immediately for 
eligible patients while one team started a month later due to shortage of staff. It took 
approximately two months, and 155 invitations to patients to include 24 patients. The 
main reasons for not participating were lack of time, not feeling the need for resilience 
therapy, no interest in kickboxing, or not willing to participate in the pre and post 
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assessments. Sample characteristics are displayed in table 1. 

During the intervention, seven participants dropped out: three persons never attended 
a session, three participants attended only one session, and one participant dropped 
out after four sessions. There were multiple reasons for dropout such as a lack of 
motivation, lack of time or physical or mental problems. Due to the small sample size 
we did not tested differences between characteristics of this dropout group and the 
completers statistically. However, compared to the completers, the dropout group 
consisted of relatively more young people, and more people living in supported 
housing facilities. Three out of seven dropouts were diagnosed with disorganized 
schizophrenia versus none in the group of completers (see table 1). Dropouts and 
completers were comparable with regard to gender, alcohol and drug use, symptoms 
score of the PANSS, amount of family contact, victimization, trauma, social behaviour, 
and aggression regulation. The mean attendance was 85.3% (SD = 13.4, range 50% 
- 100%), and 88% of the participants completed 75% (fifteen sessions) or more of 
the twenty sessions. Attendance was highest during the first two modules and lowest 
during modules 3, 4 and 5 (see figure 2). Attendance was especially affected when the 
continuity of the sessions was interrupted due to holidays. In these cases participants 
reported to forgot to show up. Other reasons were no time, no transportation, mental 
problems or other obstacles like the flu or lack of motivation. No adverse advents 
considered to be related to the intervention were reported.

Table 1. Sample characteristics
     Completers  Drop-out 
N     17  7
Age mean (SD)    35.9  (10.1) 31.0 (12.1)
Male n (%)    13 (76.5)  5 (71.4)
living situation n (%)  
  Alone      11 (64.7)  1 (14.3)
  Partner     0 (0.0)  1 (14.3)
  Friends     1 (5.9)  0 (0.0)
  Family      2 (11.8)  0 (0.0)
  Supported housing     (17.7)  5 (71.4)
family contact n (%)  
  1-7 times a week    14 (82.4)  5 (71.4)
  1-3 times a month     3 (17.7)  2 (28.6)
Daily activity n (%)  
  Part-time paid job     (11.8)  0 (0.0)
  Student     1 (5.9)  1 (14.3)
  Volunteer or other activities     8 (47.1)  2 (28.6)
  Unemployed     6 (35.3)  4 (57.1)
Diagnosis n (%)  
  Paranoid schizophrenia    7 (41.2)  0 (0.0)
  Disorganized schizophrenia    0 (0.0)  3 (42.9)
  Depression with psychotic features   1 (5.9)  0 (0.0)
  Schizophreniform disorder   4 (23.5)  0 (0.0)
  Delusion disorder    1 (5.9)  1 (14.3)
  Brief psychotic disorder   1 (5.9)  2 (28.6)
  Psychotic disorder NOS   3 (17.7)  1 (14.3)
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figure 2. Percentage attendance per module
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Table 2. Outcomes qualitative evaluation questionnaire

I recognize other people’s 
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2. Evaluation of the intervention protocol 

Of the seventeen participants who completed the evaluation form, ten persons 
indicated  that 20 weekly sessions were sufficient, while five of them recommended 
more sessions (between 25 and 40 sessions), and two individuals preferred a more 
intense course of therapy with two sessions per week. Fourteen participants reported 
that the 75 minutes now set for each session was appropriate, two suggested longer 
sessions, and one thought 75 minutes was too long. Overall, participants enjoyed the 
therapy and thought it was helpful and informative. The sequence order and structure 
of the modules were positively evaluated and the (thematic) exercises within each 
session were rated as relevant. 

The kickboxing exercises were reported to be doable for all participants, regardless 
of weight, strength, stamina or flexibility. Within-group differences with regards to 
strength or stamina were not a problem; everyone found themselves participating at 
their own level with exercises adapted in case of physical problems. Table 2 shows the 
outcomes of the qualitative evaluation questionnaire. According to the participants 
the intervention especially had a positive effect on identifying and setting boundaries, 
recognizing those of others, self-esteem, faith in own strength, confidence, recognizing 
dangerous situations, feelings of safety, and people though they had a lower change of 
becoming a victim. Most mean scores increased when only the high attenders, who 
attended 75% or more of the sessions, were included in the analysis.
Although it was not a goal of the intervention, some of the participants did notice 
that they had lost weight, improved their stamina and endurance, and were drinking 
less alcohol at the end of the intervention. None of the participants reported alarming 
arousal levels during or at the end of a session. Several participants noticed that their 
arousal level was lower after a session and that they felt more relaxed. 

improvement of the intervention protocol 

Based on the information gathered by means of the evaluation questionnaire and 
feedback from participants, trainers, expert by experience, kickboxing expert and 
researchers, several adaptations in the intervention protocol for the RCT were made 
after this pilot. First of all, it was noticed that in general more time than expected 
was needed for the participants to fully understand a theme, manage a technique or 
to make a kickboxing combination routine. For this reason multiple repetitions of 
important themes and techniques were added to the protocol, in combination with 
the advice to explain and practice complex kickboxing combinations in small steps. 
Secondly, more challenging exercises (e.g. high kick, sparring) were included in the 
protocol as the participants liked the challenge and it created theme-related learning 
opportunities. Thirdly, an intensive work-out on kickboxing pads was added to every 
session because participants emphasized that they enjoyed such an intensive exercise 
because this in particular provided positive experiences of strength and acquired 
kickboxing skills. Finally, although BEATVIC is a body-oriented therapy, participants 
positively evaluated the opportunity to talk and reflect on the therapy in the end of the 
session. For this reason, time was reserved for discussion at the end of each session. 
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After the therapy ended, nine out of seventeen participants continued kickboxing at a 
local gym. One year later six participants still attended weekly training sessions.   
 
3. Exploration of outcome measures

Victimization. Table 3 shows that based on the IVM, at baseline 75% of the 
participants had been a victim of at least one crime in the previous five years. Both, 
personal and property crimes were reported by 58% of the participants. Compared to 
the five year rate, with 21%, the one-year victimization prevalence was approximately 
between three times lower, and sexual harassment or assault were not reported at all. 
Prevalence of victimization in the general population living in the same region was 
half of that in participants with all events taken into account, and only 25% in case of 
personal crime.  

Baseline measures of the CTS2 showed that 24% of the participants had experienced 
physical assault in the preceding five months. Psychological aggression was reported 
by 47% of the participants with no one reporting sexual coercion or physical injury. 
Pre and post measures revealed that the experienced frequency (or chronicity) of 
psychological aggression towards the participants had increased after the intervention 
(p= 0.048). No such changes were found for the other victimization subscales. 
On the negotiation items of the CTS2 only one participant reported negatively. After 
the intervention, the frequency of negotiation during conflict had increased (p < 0.01) 
compared to baseline. 
      
Perpetration. Seventeen percent of the participants indicated that they had been the 
perpetrator of a crime themselves in the previous year (IVM), measured at baseline. 
The CTS2 results showed that 41% had used psychological aggression, 24% had used 
physical assault and two participants (12%) had physically injured someone in the 
preceding five months. None of the participants reported to have used sexual coercion. 
No differences between pre and post measurements were found on perpetration 
scores (see table 3).

aggression regulation. Compared to a Dutch norm group from the general population, 
participants scored one decile higher on ‘internal anger’ (mean 22.5, sd 7.0) scale and 
two deciles lower on ‘external anger’ (mean 21.2, sd 5.6) on the STAXI at baseline. 
‘Control of internal anger’ was as high in participants as in the norm group (mean 
26.0, sd 6.8) and ‘control of external anger’ was two deciles higher (mean 27.4 sd 
6.4). At post measurement the mean score on control of internal anger was one decile 
higher than at baseline but this increase was not significant (p 0.071). The three other 
subscales did not show a significant change over time (see table 4). 

At pre and post measurement the participants scored both one decile lower on the 
NAS total score compared to the norm group (mean 89.7, sd 14.2). In accordance no 
significant difference was found between pre and post scores for the NAS total score 
as well as for the PI score. However, when only the high attenders were included in the 
analyses the ‘arousal’ subscale of the NAS-PI showed a significant decrease over time 
(p 0.033) (see table 4). 
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IVM 

 
CTS2 
Towards participant 
(victimization) 

 

CTS2  
Towards someone (perpetration)  

 
 

 

Table 3. Number, percentage and chronicity of victimization and perpetration

 a. At least one incident n >0; b. Consists of burglary, attempted burglary, bicycle theft, theft (other), vandalism, pick-pock-
eting, robbery; c. Consists of property crime without vandalism; d. Consists of sexual harassment or assault, threats of 
violence, physical assault. e.  Consists of property crime, personal crime and other victimization incidents; f. Consists of 
threats of violence, physical assault, sexual assault or other crimes (only previous year was examined); g. Wilcoxon Signed 
Rank test; h. Frequency; i. Paired sample t-test . IVM = Dutch crime and victimization survey; CTS2: revised Conflicts Tactics 
Scale.

Social behaviour. At baseline, the median score of the participants was ‘above 
average’ on the ISS compared to the norm group on the ‘total social discomfort’ 
scale. After therapy this decreased to ‘average’ discomforts however this change was 
statistically nonsignificant. At baseline the median frequency of ‘total social contacts’ 
scale was ‘below average’ compared to the norm group. At post measurement the 
median frequency of the ‘total social contacts’ scale was still ‘below average’ but again 
nonsignificant (see table 4).
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Possible influential risk factors. No differences between pre and post measurement 
were found on all scales of the PANSS, or on the screening risk of substance dependence 
questionnaire. Most participants did not experience symptoms of trauma at pre or 
post measurements (see table 5).

DiSCuSSion

To our knowledge, BEATVIC is the first body-oriented resilience therapy that aims to 
decrease victimization risk in people with a psychotic disorder. The goal of this study 
was to evaluate its feasibility in order to evaluate the usefulness of a larger RCT that 
can shed light on efficacy of BEATVIC.
 

 
t  

 
p 

STAXIa   

NAS-PIa  

 
IISb  

 
r 

 
p 

  

Table 4. Pre and post treatment aggression regulation and social behaviour scores.

a. Paired sample t-test; b. Wilcoxon Signed Rank test; STAXI = State Trait Anger Expression Inventory; NAS-PI = Novaco 
Anger Scale-Provocation Inventory; IIS = Inventory of Interpersonal Situations.
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a. Wilcoxon Signed Rank test; PANSS = Positive and Negative Syndrome Scale ; TSQ = Trauma Screening Questionnaire  

IQR IQR
 
r 

 
p 

PANSSa 

Substance abusea  
TSQa  

Table 5. Pre and post PANSS, substance abuse and TSQ scores.

1. Feasibility of the intervention and application of an RCT

Our findings support the feasibility of BEATVIC. The mental health professionals were 
willing to refer to BEATVIC and a relatively large group of patients (one out of every six 
invited) was willing to participate. The mean age of the participants was 36 years. The 
oldest included participant was 51 years old, which indicates that BEATVIC appeals to 
a wide variety of people. 
The dropout rate of 29% was as could be expected based on previous studies: 
the estimated dropout rate of physical activity interventions for people with 
schizophrenia lies between the 20% and 35% (Vancampfort et al., 2016). Six out of 
seven dropouts attended none or only one session. It is possible that, despite all the 
provided information, these participants were not fully aware beforehand of what the 
treatment would entail and how much time would be involved. To prevent dropout 
it is recommended to verify whether the patient received and understood all the 
information.
Overall attendance was good compared to other interventions (Beebe et al., 2005; 
Alan et al., 2013). This finding is particularly relevant as high attendance is important 
because of the intensity of BEATVIC and its hierarchical structure where the kickboxing 
exercises are concerned. Non-attendance of two or more sessions means that important 
exercises are missed and participants fall behind in the group. In accordance, the high 
attenders who were present at more than 75% of the sessions reported that they had 
improved more on the addressed risk factors, compared to the low attenders. This is 
in line with a study of Scheewe et al. (2013) who only found significant improvements 
in people who attended more than 50% of the exercise sessions. In line with these 
experiences, it was decided that to measure effectiveness in the RCT, we will not only 
use an intention-to-treat analysis but also perform a per-protocol analysis.

2. Evaluation and improvement of the intervention protocol 

The BEATVIC therapy was positively evaluated by the trainers and the participants. 
Overall, the number, duration and sequence order of the sessions were seen as 
adequate, and the (thematic) exercises were rated as relevant. In the results section, 
an overview of implemented improvements was presented regarding the number 
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of repetitions, the right amount of challenge and intensity of exercises, and total 
discussion time. Participants enjoyed the exercises and they subjectively reported 
positive effects on several factors.
Some of the participants noted that they had lost weight and felt that their stamina 
and endurance was improved. To objectively measure this, we will include physical 
outcomes in the RCT as this is particular relevant for the target group who also faces 
increased metabolic risks (Gardner-Sood et al., 2015; Mitchell et al., 2013). This study 
has shown that it is appropriate to use kickboxing in a body-oriented therapy. The 
exercises were at a feasible level for all participants and people enjoyed learning 
the techniques which was confirmed by the fact that half of the group continued 
kickboxing at a local gym. 

3. Exploration of suitable outcome measures

To find suitable instruments for the RCT we explored some of the important outcome 
measures. 

Victimization and perpetration. The IVM and the CTS2 showed to be adequate 
instruments to detect victimization incidents. Although there is some overlap in 
subscales, both can be used complementary because of their specific characteristics. 
With the IVM the victimization prevalence can be compared to the general population 
who live in the same neighbourhood while the instrument also shows international 
comparability (de Vries et al., 2018a). The IVM also provides information on 
victimization both in the preceding year (in our case 21%) and the preceding five year 
(75%). Subsequently, some types of victimization (e.g. sexual assault, robbery) were 
only reported during the five year period and not during the one year period. This 
indicates the importance for a follow-up in the RCT. Preferably more than one year to 
capture the less frequent victimization types.  

The CTS2 measures more subtle forms of victimization and takes into account the 
frequency in which an incident occurs. In our study more people reported physical 
assault on the CTS2 (29%) than on the IVM (4.2%). A possible explanation might be 
that the CTS2 asks more specific assault questions which may elicit higher recall of 
incidents. The CTS2 showed to be sensitive to change: more psychological aggression 
was reported after the intervention than before and participants more often used 
negotiation as a communication technique. 

aggression regulation. The NAS-PI and the STAXI were used to explore whether these 
tests could capture changes in aggression regulation induced by the intervention. Only 
a significant improvement on the arousal subscale of the NAS-PI for the high attenders, 
but no other significant changes were found. At baseline on average the STAXI and 
NAS-PI scores did not indicate that the participants had aggression regulations 
problems and there may not have been much room for improvement. In the future it 
is recommended to perform a subgroup analysis for participants who have aggression 
regulation problems at the start of the treatment.   
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Social functioning. In this study the IIS was used to explore whether this test could 
capture changes in interpersonal situations. No significant changes were found and 
therefore we decided to use another test for the RCT. Besides a lack of power due to 
the small sample size, it is possible that the participants did not significantly improve 
on the IIS because it measures a broad spectrum of interpersonal situations It is 
expected that the intervention can improve social functioning, as other studies that 
included martial arts found positive results on social behaviour (Lakes & Hoyt, 2004; 
Movahedi et al., 2013). In the future it is recommended to measure aspects and/or 
underlying mechanisms of social functioning that are related to victimization, for 
example assertiveness and impaired social cognition. 

limitations of the study  

First of all, because no control group was included no conclusions can be formulated 
as to whether the (subjective) improvements derive from the group meetings and 
time with the trainers or from BEATVIC. Secondly, since not all participants had been 
victimized at baseline, it was difficult to find improvements in this respect. These 
participants may have been appealed by the kickboxing-element of the therapy, rather 
than working on their resilience.

ConCluSion

In this feasibility study BEATVIC was found to be a feasible intervention for people 
with a psychotic disorder. Both mental health professionals and patients gave positive 
evaluations and attendance was good. Trainers, participants and scientists gave 
suggestions for small improvements in the intervention protocol. Our results support 
the evaluation of BEATVIC in a RCT.
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aBSTraCT 

Background: Individuals with a psychotic disorder are at an increased risk of 
becoming victim of a crime or other forms of aggression. Research has revealed several 
possible risk factors (e.g. impaired social cognition, aggression regulation problems, 
assertiveness, self-stigma, self-esteem) for victimization in patients with a psychotic 
disorder. To address these risk factors and prevent victimization, we developed a 
body-oriented resilience therapy with elements of kickboxing: BEATVIC. The present 
study aims to evaluate the effectiveness of the intervention.
methods/Design: Seven mental health institutions in the Netherlands will participate 
in this study. Participants will be randomly assigned to either the BEATVIC therapy 
or the control condition: social activation. Follow-ups are at 6, 18 and 30 months. 
Short term effects on risk factors for victimization will be examined, since these are 
direct targets of the intervention and are thought to be mediators of victimization, the 
primary outcome of the intervention. The effect on victimization will be investigated 
at follow-up. In a subgroup of patients, fMRI scans will be made before and after the 
intervention period in order to assess potential neural changes associated with the 
effects of the therapy.
Discussion: This study is the first to examine the effectiveness of an intervention 
targeted at victimization in psychosis. Methodological issues of the study are addressed 
in the discussion of this paper.
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inTroDuCTion 

Contrary to popular belief, an individual with a psychotic disorder is more likely to 
become the victim of a crime or other forms of aggression, than to be the offender 
(Choe et al., 2008; Latalova et al., 2014). Prevalence rates of victimization vary across 
studies from 20% (Bengtsson-Tops & Ehliasson, 2012; Brunette & Drake, 1998) to 
68% (Larney et al., 2009), due to differences in study sample, in operationalization 
of victimization and in examined time frame (de Vries et al., 2018). In a recent study 
investigating victimization in people with a psychotic disorder, 39% of patients had 
been severely physically threatened, 51% of them reported physical violence and 32% 
had been sexually victimized in the past year (Bengtsson-Tops & Ehliasson, 2012). 
Moreover, a meta-analysis revealed that prevalence rates of victimization amongst 
severely mentally ill patients are 2 to 140 times higher than prevalence rates in the 
general population (Maniglio, 2009). Again, this wide range of prevalence rates is 
due to methodological differences between studies. Most of the violence occurs in 
patients’ private environment, and is committed by people from their own social 
network (de Mooij et al., 2015). Because victimization can have a major impact on the 
lives of already vulnerable patients, and ultimately entails high costs for society (Choe 
et al., 2008), a preventive intervention is needed.

In the past, several interventions to prevent victimization have been developed for 
severely mentally ill patients (de Waal et al., 2015; Holmes et al., 1997; Jonikas & Cook, 
1993; Perese, 2007). However, to date only one of these – a ‘street smart’ skills training 
for an urban setting – has been  investigated by means of an observational pilot study 
(Holmes et al., 1997) while the other interventions have not yet been empirically 
investigated, nor have they been implemented in clinical practice.  Moreover, none 
of these interventions was developed for individuals with a psychotic disorder 
specifically (van Weeghel et al., 2009), while the high victimization rates (Bengtsson-
Tops & Ehliasson, 2012; Choe et al., 2008; Latalova et al., 2014) and both psychotic 
patients and caregivers indicate the need for an intervention tailored to the needs of 
this specific group (Purcell et al., 2015). Therefore, we developed an intervention that 
aims to prevent victimization in people with psychotic disorders.

In order to design an effective intervention we selected targets that are potentially 
amendable to change by an intervention, and constructed a model (see Additional 
file 1) based on an analysis of risk factors as suggested by previous research. One 
of the potential risk factors might be deficits in social cognition (DePrince, 2005a). 
Compared to individuals from the general population, people with psychotic disorders 
experience more difficulties recognizing facial expressions (Evangeli & Broks, 2000), 
body language (Phillips & Seidman, 2008), and emotional prosody (Hoekert et al., 
2007). This may lead to inadequate social behavior and - more specifically - may have 
a negative effect on their judgment of risky social situations. For instance, a patient 
may misinterpret the aggressive facial expression of another person, preventing him 
or her from leaving the setting before potential escalation. Another possible factor 
is insight. Poor insight in one’s own psychotic symptoms is one of the pathways to 
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aggressive behavior (Ekinci & Ekinci, 2012) which may evoke aggressive behavior 
in others resulting in victimization (Hiday et al., 2002). Aggression regulation 
problems are associated with violent behavior in patients with a psychotic disorder 
and therefore these are another important risk factor (Witt et al., 2013). Also, self-
stigma may indirectly play a role in victimization; there are a lot of prejudice beliefs 
about mental illnesses and most patients are aware of these (Brohan et al., 2010). Self-
stigma results in low self-efficacy (Kleim et al., 2008), low self-esteem and reduced 
empowerment (Livingston & Boyd, 2010). Consequently, individuals may be more 
prone to be victimized (Egan & Perry, 1998). In turn, victimization may increase self-
stigma and feelings of helplessness resulting in a vicious circle between self-stigma 
and victimization (Horsselenberg et al., 2016). Victimization not only affects self-
stigma but also reinforces the other risk factors in the victimization model, increasing 
the chance of revictimization. For example, the traumatic experience of being a victim 
could lead to a stronger physiological response to external stressors (Peri et al., 1999) 
and a compromised inhibitory control (Falconer et al., 2008). People who experienced 
trauma or stress tend to react more aggressively in social situations (Makin-Byrd et al., 
2012; Volavka & Citrome, 2011). This aggressive response may elicit conflicts, again 
putting people at risk for victimization. Ultimately, patients can become trapped in a 
downward spiral. 

We used this model to develop an intervention to decrease the risk of victimization 
in individuals with a psychotic disorder. We chose an experience based approach 
which combines body awareness exercises with physical activity, in contrast to 
primarily verbal interventions because victimization often occurs and derives from 
factors at a nonverbal level. This approach has its origin in what in some countries 
is called psychomotor therapy (Probst, 2010) or body-oriented psychotherapy 
(Röhricht, 2015). Patients will be offered the opportunity to learn to recognize their 
own emotional and behavioral reactions to different social situations. In a safe and 
therapeutic environment, new behavior and for instance other body postures will 
be practiced stimulating adequate emotional awareness and emotion regulation. In 
addition, training with others and explicitly observing others during observational 
exercises facilitates participants to learn how others express themselves and to 
experiment within social interactions. These positive experiences resulting from the 
body-oriented approach will be mixed with less therapeutically embedded physical 
activities. Exercise therapies, varying from swimming to cardiovascular exercises, 
are known to have a positive effect on self-efficacy, self-esteem, social skills, and 
positive and negative symptoms in individuals with schizophrenia (Holley et al., 2011; 
Malchow et al., 2013). All these effects show an overlap with the risk factors in the 
victimization model and could contribute to a decrease of victimization risk. The 
same holds for assertiveness training. Assertiveness training improves self-esteem, 
perceived control, assertiveness, and self-efficacy (Brecklin, 2008). In the current 
training, assertive behavior such as setting boundaries can be practiced directly and 
indirectly, throughout all sessions. Finally, several studies suggest that martial arts 
could have a positive effect on aggression regulation and social interaction (Lakes & 
Hoyt, 2004; Twemlow et al., 2014; Zivin et al., 2001). We chose kickboxing specifically 

190909 Proefschrift Elise van der Stouwe.indd   42 9-9-2019   21:52:45
        



43 42

BEATVIC: Study protocol     |

3

because it enables participants to socially interact with each other and it requires 
continuous reading of each other’s body language and facial expression. Furthermore, 
kickboxing techniques are achievable for everyone regardless of someone’s physical 
condition which may result in experiences of success, enhancing self-esteem. To deal 
with all risk factors, a combination of mentioned approaches resulting in a body-
oriented resilience training with elements of kickboxing was developed, from now 
on referred to as BEATVIC. The current paper presents the design of a multicenter 
randomized controlled trial which aims to evaluate the efficacy of the intervention.

research aims

Main aim of the study is to evaluate the effectiveness of BEATVIC. Primary outcome 
of this evaluation is victimization. It is expected that this effect will be mediated by 
risk factors of victimization (e.g. social cognition, internal stigma, assertiveness, self-
esteem, aggression regulation, social behavior). Secondary outcome measures are 
negative symptoms, trauma, social participation, recovery and quality of life.
An additional aim of the study is to examine the effect of the training at the cerebral 
level, by means of functional Magnetic Resonance Imaging (fMRI). Particular emphasis 
will be on cerebral activation during social cognitive processes, since social cognition 
is a direct target of the intervention. We hypothesize enhanced involvement and 
connectivity of brain networks underlying social cognitive functioning in patients 
after the experimental intervention as compared to the control intervention.

mEThoDS anD DESign

The study is funded by the Netherlands Organization for Scientific Research (NWO 
grant nr 432-12-807). The study has been approved by the medical ethical board of 
University Medical Center Groningen, Groningen (number: NL52202.042.15). Trial 
number: ISRCTN21423535 (Current Controlled Trials). 

Design

The study is designed as a multi-center randomized controlled trial including a pretest, 
a posttest and three follow up assessments respectively at 6, 18 and 30 months. 
Patients allocated to the intervention group receive BEATVIC and patients allocated to 
the control group receive social activation sessions.

Participants/Setting

A total of 120 patients will be included in the trial (see sample size calculation). 
Patients will be recruited in seven mental health institutions in the Netherlands. 

Inclusion criteria are:
• A diagnosis in the psychotic spectrum, according to DSM-IV-TR criteria, veri  
 fied by mini-SCAN.
• ≥ Eighteen years old.
• Ability to give informed consent.
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Exclusion criteria are:
• Severe psychotic symptoms (mean positive symptoms > 5 measured by   
 PANSS)
• Substance dependence (not substance abuse), verified by Miniscan.
• Co-morbid neurological disorder, verified by onsite therapist.  
• Co-morbid personality disorder, verified by onsite therapist.  
• Estimated IQ < 70, onsite therapist decides if the patients’ intelligence is   
 sufficient for participation.
• Pregnancy.

A subsample of 44 patients will also participate in the fMRI part of the study. Additional 
exclusion criteria for the fMRI part of the study are: MR incompatible implants in the 
body, any risk of having metal particles in the eye (due to manual work without proper 
eye protections), tattoos containing red pigments, claustrophobia and refusal to be 
informed (by notifying the patients physician) of structural brain abnormalities that 
could be detected during the experiment.

Sample size calculation

Sample size was computed using the IBM SPSS Sample Power program (Biostat, 
Borestein), http://www.power-analysis.com/about_biostat.htm. The effect size of our 
intervention is unknown. A common convention in this case is to set the effect size at 
0.5, because a lower effect size would not be considered as clinically relevant. In order 
to find a medium effect size on our outcome measures with an alpha of 0.05 and a 
power of 0.80, a minimum of 48 participants per condition is required. Considering a 
drop-out of 25%, we will include a total of 120 participants in our trial.

materials

A summary of the assessments and materials of the study is provided in table 1.

BEaTViC BEATVIC consists of 20 weekly group sessions of 75 minutes divided into 
five modules of four sessions each. Each session includes a warming-up, technical and 
thematic martial arts exercises, a cooling-down and a discussion of the addressed 
themes. All of the sessions will be led by a body-oriented therapist and an expert by 
experience, both trained by the team that developed the intervention protocol by 
means of a feasibility study. Throughout the modules, the amount of interpersonal 
contact as well as exercise intensity build up slowly in order to prevent tension or 
stress. At first, exercises will be performed individually or with a trainer, gradually 
participants will interact more and more with each other and exercise intensity will 
increase. In the introductory module, the trainers will create a safe group environment 
and participants and trainers will get familiar with one another. Basic kickboxing 
techniques and body posture will be taught and during exercises, special emphasis 
is on self-stigma, setting boundaries, awareness and respect for other’s boundaries 
and feeling tension. The second module ‘Recognizing dangerous behavior’ focuses on 

190909 Proefschrift Elise van der Stouwe.indd   44 9-9-2019   21:52:45
        



45 44

BEATVIC: Study protocol     |

3

increasing social cognition and insight. During exercises, attention will be paid to how 
others move and react and participants will learn how to anticipate best themselves. 
Moreover, this modules aims to increase recognition of non-verbal communication, 
such as body postures, gestures and facial expressions that might lead to dangerous 
situations. The techniques used in this module are blocking and deflection of the 
kickboxing punches and kicks learned in the first module, which requires participants 
to read and adjust to each other’s body language. In the module ‘How others see me’, 
participants get more insight in underlying factors which affect their own behavior 
(e.g. emotions, characteristics of someone else) and how their behavior appears to 
others.  Special emphasis is on automatic natural reactions to dangerous situations, 
such as fight, flight and fright. Participants will be made aware of typical offender- 
and victim patterns. Participants learn how to make use of posture, balance, voice 
and breath to feel and appear stronger. The exercises contain techniques which were 
taught in previous modules, but intensity will be enhanced gradually. In the fourth 
module ‘Coping with aggression’, participants will learn to detect and regulate one’s 
own aggression and they will learn to deal with aggressive behavior of others. The 
exercises focus on bodily signals of anger and tension and ways to reduce tension. 
Participants will practice with dosing and controlling their tension. By means of 
observational exercises, participants also learn to detect signals of tension in others. 
Furthermore, participants will get more insight in situations that usually evoke stress 
or tension. In the last module, trainers and participants can repeat exercises which 
were particular useful. Furthermore, trainers will stimulate participants to continue 
kickboxing outside of mental healthcare and thus stimulating social participation. For 
this purpose, a trial lesson at the local sports club will be organized for participants 
who are interested.

Control condition The control condition consists of twenty weekly befriending 
meetings of 75 minutes. During these meetings, the main goal is to create a welcoming 
atmosphere in which participants can socially interact with each other in an 
informal setting. We developed a protocol which consists of four modules. During 
an introductory module participants and trainers will get familiar with one another 
by means of introductory games. The second module ‘Media’ consists of discussing 
the news, watching a documentary or tv show and watching and discussing online 
YouTube clips. In the following module ‘Hobbies’, participants get the opportunity to 
tell and show the group about their hobbies. Furthermore, participants can have a 
walk with each other, play music, read for themselves or color. In the last module, 
the group will play games and during the last session they will make a cake. Trainers 
will make sure participants talk about neutral topics, such as music, books, sports or 
the news. Befriending has often been used in studies investigating cognitive behavior 
therapy in the treatment for psychosis and seems to be a credible and acceptable 
control condition with regard to expectancy, enjoyment of therapy and drop-out rate 
(Bendall et al., 2006).
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Screening

On-site therapists will screen all patients in their caseload, based on the following 
questions:
• Is this patient diagnosed with a disorder in the psychosis spectrum?
• Does this patient currently have acute symptom characteristics of psychosis?
• Is this patient diagnosed with substance dependence?
• Is this patient diagnosed with a cluster B personality disorder?
• Is this patient diagnosed with a neurological disorder?
• Does this patient have an estimated IQ > 70?

Table 4. Overview of assessments.

 

Instrument Screening Intake Baseline Post-
assessment 

Follow-up I Follow-up II Follow-up III 

Questions for therapist x       

MiniSCAN  x      

PANSS  x  x x x x 

Autobiographical 
questionnaire 

  x     

WOF   x x    

Emotional faces paradigm   x x    

MST   x x    

Pedometer   x x    

Faux Pas   x x x   

ZECV   x x x   

ISMI   x x x   

SIG   x x x   

SERS-SF   x x x   

PI   x x x   

IVM   x x x x x 

CTS2   x x x x x 

MANSA   x x x x x 

NHS   x x x x x 

SFS   x x x x x 

BNSS   x x x x x 

Risico 
Verslavingsproblemen 

  x x x x x 
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Assessment

Behavioral measures 

Intake
Diagnosis The miniSCAN (Damhuis et al., 2011) is a short version of the Schedule 
for Clinical Assessement in Neuropsychiatry (SCAN 2.1) and consists of structured 
interview questions regarding axis-I symptoms of the DSM-IV. In the current study, the 
miniSCAN will be used to verify a diagnosis in the psychosis spectrum and to verify 
that substance dependence is absent.

Positive symptoms The Positive and Negative Symptom Scale (PANSS) (Kay et al., 
1987) is a semi-structured interview which contains 30 items divided into 3 subscales: 
positive symptoms, negative symptoms and general symptoms. Scores on positive 
items will be used to verify that florid psychosis (PANSS positive items > 5) is absent. 

Primary outcome measures

Victimization The Dutch Crime and Victimization Survey (Integrale veiligheidsmonitor) 
to a great extent resembles the International Crime Victimization Survey (Census, 
1994). We will only use the subscale victimization, which contains questions regarding 
vandalism, threat and severe physical violence (Victrom) (Horsselenberg et al., 2016) 
as a measure for the amount of violent incidents over the different periods. The original 
five-year time-frame in the questions will be adapted at post-treatment assessments, 
in order to investigate victimization between two subsequent assessment points. The 
subscale safety perception which includes questions about safety in general and in 
one’s neighborhood will not serve as a primary outcome but as a possible explanatory 
variable. In addition to the IVM, we will use the revised Conflict Tactics Scale (CTS2) 
(Straus et al., 1995) as an extra indication of the frequency of violent incidents 
because it allows for the assessment of more subtle forms of victimization. The CTS2 
is a widely used instrument in partner violence research and consist of 39 items. As 
in the Dutch Crime and Victimization Survey, the original five-year time-frame in the 
questions of the CTS2 will also be adapted at post-treatment assessments, in order to 
investigate victimization between two subsequent assessment points.  Participants 
have to report to what extent the items apply to themselves or their partner in a given 
time period ranging on a scale from 1 ‘has never happened’ to 8 ‘more than twenty 
times’ (Vega & O’Leary, 2007). Since we are interested in a broader range of social 
interactions we changed the questions from ‘partner’ to ‘someone’ as was done in an 
earlier epidemiological study on victimization in patients with SMI (Kamperman et 
al., 2014b). 

Social cognition The Faux Pas task (Baron-cohen et al., 1999)consists of ten stories, 
describing interpersonal, everyday situations. Some of these stories contain a 
‘faux pas’: a person in the story does says something inappropriate due to a wrong 
interpretation of the others social signals. Participants have to detect these mistakes 
and infer how the character in the story at whom the faux pas is directed is feeling.
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aggression regulation  The Self-expression and Control Scale (ZECV) (van Elderen 
et al., 1996) is a Dutch translation of 4 subscales of the State-Trait Anger Expression 
Inventory (Spielberger, 1996). The questionnaire measures to what extent participants 
internalize or externalize feelings of anger and to what extent they can control 
that anger. The instrument consists of 40 items and participants respond by rating 
themselves on a scale ranging from 1 ‘almost never’ to 4 ‘almost always’. The ZECV has 
good to high psychometric properties.

internalized stigma The Internalized Stigma of Mental Illness Scale (ISMI) (Ritsher 
et al., 2003) is designed to measure the subjective experience of stigma, and consists of 
subscales measuring Alienation, Stereotype Endorsement, Perceived Discrimination, 
Social withdrawal and Stigma Resistance. The questionnaire was developed in 
collaboration with people with mental illnesses and contains 29 items. The ISMI has a 
high internal consistency (α = .90) and test-retest reliability (r = .92).

Social behavior The Interpersonal Behavior Scale (Schaal Interpersoonlijk Gedrag, 
SIG) (Arrindell & Oosterhof, 1996) measures social anxiety and social skills. For 50 
items describing social situations, respondents have to rate the level of tension/
discomfort they would feel, ranging from 1 ‘no discomfort’ to 5 ‘very much discomfort’, 
and the frequency of their occurrence in daily life. 

Self-esteem The Self-Esteem Rating Scale-Short Form (SERS-SF) (Lecomte et al., 
2006) is a 20-item self-report questionnaire which assesses self-esteem by means 
of a positive and negative self-esteem subscale. The instrument contains statements 
that are linked to social contacts, competency and achievement, and is validated for 
individuals with psychosis.

insight The Psychosis Insight Scale (PI) (Birchwood et al., 1994) includes eight 
questions that address three dimensions of insight: awareness of illness, need for 
treatment and attribution of symptoms. The instrument is reliable, valid and sensitive 
to individual change.

Secondary outcome measures

Quality of life The Manchester Short Assessment of Quality of Life (MANSA) (Priebe 
et al., 1999) is a short version of the Lancashire Quality of Life Profile (LQLP) (Oliver, 
1991), and has been developed to measure quality of life of psychiatric patients. 
The questionnaire consists of four objective items and twelve subjective items. The 
objective items assess victimization and accusation of crime in the past year, whether 
someone has a good friend and whether the participant had contact with this friend 
in the past week. The subjective items assess satisfaction with life as a whole, job, 
financial situation, leisure activities, accommodation, personal safety, sex life, people 
with whom the individual lives with, relationship with family, physical health, mental 
health and friendships on a seven-point rating scale (1=negative extreme, 7- positive 
extreme). The internal consistency is sufficient (α= .74) to good (α= .81) (Priebe et al., 
1998).
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recovery The National Recovery Scale (Nationale Herstelschaal, NHS) (Van Gestel-
Timmermans et al., 2013) is a Dutch scale based on the Questionnaire about the Process 
of Recovery (QPR) (Kilbride et al., 2009). The scale is developed to assess personal 
recovery of individuals with (severe) mental illnesses. The 26 item scale consists of 
two subscales: personal recovery and recovery with regard to interpersonal relations. 
The instrument is both reliable and valid.

Societal participation The Social Functioning Scale (SFS) (Birchwood et al., 1990) 
assesses social functioning and social participation. It consists of 78 items divided 
by 7 subscales: social engagement/withdrawal, interpersonal communication, 
independence-competence, independence-performance, recreation, pro-social 
behavior and employment. The SFS is reliable, valid, sensitive and responsive to 
change.

Symptoms The Brief Negative Symptom Scale (BNSS) is an addition to the PANSS. 
This 13-item semi-structured interview has been developed to assess current level 
of negative symptoms into more detail. The instrument consists of 6 subscales: 
anhedonia, distress, asociality, avolition, blunted affect and alogia.

Trauma The Trauma Screening Questionnaire (TSQ) (Brewin et al., 2002) examines 
whether participants suffer from trauma and to what extent participants cope with 
trauma. The TSQ is a short screening instrument which consists of five re-experiencing 
items and five arousal items derived from the DMS-IV PTSD criteria. The sensitivity 
and specificity of the TSQ are high (Dekkers et al., 2010).

Physical activation Participants will wear a validated and reliable pedometer 
(Yamax) (Bassett & John, 2010) for the continuous recording of physical activity 
during a period of 7 days. The Yamax EX 510 is a light and small device which can be 
worn in a pocket or in a handbag. Pedometers are a valuable tool for motion analysis 
in clinical populations (Bassett & John, 2010).

Endurance The Modified Shuttle Test is a sub-maximal test to measure endurance. 
Participants have to walk between two points. A beep indicates when the participant 
has to be at the next point. The interval between the beeps becomes shorter every 
level. The outcome measure is the amount of meters a participant is able to walk 
or run between the two points. The MST is shown to give reliable test results and is 
appropriate to perform for people who suffer from somatic disorders or decreased 
fitness (Campo et al., 2006).

Covariates

Substance use The Screening risk of substance dependence (Screening risico op 
verslavingsproblemen) (Spijkerman et al., 2011) is a self-report questionnaire which 
consists of eleven questions regarding how much alcohol and drugs the participant 
uses in one week or month.
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Biographical characteristics The autobiographical questionnaire is a form which 
contains questions about gender, family contact, age, medication use and residential 
area.

fmri 

Social cognition The Wall of faces task (WOF) we applied was based on a version in a 
previous study (Simmons et al., 2006) in which it was used to probe neural processes 
underlying affective appraisal of various simultaneously presented faces. Each trial, 
32 faces will be presented which vary in angry/happy (experimental condition) and 
male/female ratio (control condition). The task consists of ambiguous (16 of each 
face type) and unambiguous (6/26) trials. Participants will be asked to identify the 
predominant emotion (experimental condition) or the predominant gender (control 
condition). During face presentation and response time, the condition “Angry - Happy” 
or “Female - Male” will displayed on the screen. Each trial, the faces will be presented 
for three seconds, followed by a response time of 1,5 seconds. 
Faces will be obtained from the Karolinska Directed Emotional Faces database 
(Lundqvist et al., 1998). The task allows for investigation of brain activation associated 
with social cognitive processes.

Threat-response In the emotional faces paradigm, participants will complete 
a gender discrimination task including 16 blocks of individual neutral faces, 16 
blocks of happy faces, 16 blocks of fearful faces and 16 blocks of angry faces. Each 
block contains six trials, including three to five face trials and one to three null trials 
consisting of a fixation cross. Within blocks, face trials and null trials will be mingled at 
random. Face trials comprise the stimulus presented for 600ms and an interstimulus 
interval of 500ms during which a fixation cross will be presented. Null trials consist 
of a fixation cross presented for 1100ms. Faces will be obtained from the Karolinska 
Directed Emotional Faces database (Lundqvist et al., 1998). The task takes 9 minutes 
and allows for examination of basal threat-related brain response.

Procedure

Onsite therapists will screen patients based on selection questions regarding in- and 
exclusion criteria. Patients who meet the criteria according to the therapists, will be 
contacted and asked if they are interested in participating in the study. Interested 
patients will be provided with an information letter. Following, patients have a two-
week period to consider final participation. If a patient is willing to participate, an 
intake is scheduled to confirm that the patient meets the inclusion criteria, by means 
of the MiniSCAN and the PANSS and if applicable, an MRI-checklist and a written 
informed consent will be obtained. Patients who are eligible for participation will 
be randomly allocated to either the intervention condition or the control condition. 
Randomization will be done for each center separately to guarantee a comparable 
number of participants in both groups, when the required number of patients (20) 
is included, or when the first participant was included more than 6 weeks ago while 
> 12 participants are included. This will be performed by an independent team of 
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researchers which is not involved in the trial. Randomization will be stratified by gender 
and participation in the fMRI substudy, such that participants have a 50% chance to 
be allocated to the intervention condition. The trainers of BEATVIC will receive a 
train-the-trainer course that consists of four sessions of 2,5 hours during which most 
important exercises are trained and the most important background is discussed. 
When BEATVIC has started, the study investigators and body-oriented therapist of 
the training team will monthly visit a session in order to monitor the intervention and 
to supervise the onsite trainers. Similarly, the organizers of the befriending sessions 
will be trained by the study investigators and will be supervised monthly. At all sites, 
trained interviewers are available who will be blinded to the study condition. Trainers 
and patients cannot be blinded after treatment allotment. Patients will be instructed 
not to inform the assessor about the study condition they were allocated to. Assessors 
will be asked to report whether they had an idea to which study group the assessed 
patient was been allocated. If this is the case and this is correct, the interview will 
be marked. By means of a sensitivity analysis it will be checked whether results are 
affected after including marked data and whether there should be controlled for 
expectation of the assessors. Assessment takes place before (T1), directly after (T2), 
six months after (T3), 18 months after (T4), and 30 months after the intervention 
(T5) at the particular site. All fMRI scans take place before (T1) and directly after (T2) 
treatment at the Neuroimaging Center of the UMCG in Groningen.

Statistical analysis

Behavioral data

Analysis will be performed according to the intention to treat principle. Differences in 
scores between pretest, posttest and follow-up assessments and between condition 
groups will be examined for each of the dependent variables. This requires the use 
of multi-level modeling procedures (Snijders & Bosker, 2012), with assessment time 
(pretest, posttest, follow-up I/II/II) at level 1,  participants at level 2 and condition 
as independent variable. Age, substance use, medication and gender will be added 
as covariates to the models in case there are significant differences between the 
intervention group and the control group. For each of the dependent variables, the 
primary outcomes and the risk factors, a multilevel model will be constructed using 
the program MlwiN. To all models, dummy variables for both levels and interactions 
between dummy variables will be added as fixed factors. Statistical significance of the 
regression effects will be tested using the T-test. In all analyses, a p-value <.05 will be 
considered statistically significant.

fMRI data

Neuroimaging data will be preprocessed using statistical parametric mapping 8 (SPM 
8; Wellcome Department of Cognitive Neurology London, UK; http://www.fil.ion.
ucl.ac.uk) in Matlab version 7.8.0 (Mathworks, Natick USA). Functional images will 
be corrected for slice timing and will be realigned to correct for head motion. Next, 
images will be coregistered to the anatomical scan of the participant. Coregistrations 
will be controlled manually for each participant. Following, all functional scans will 
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be normalized to MNI space and then spatially smoothed with a 8 mm full-width half-
maximum (FWHM) isotropic Gaussian Kernal. Preprocessed data will be analyzed 
using traditional General Linear Model (GLM) voxel-wise analyses. We will analyze 
the fMRI data according to the ROI-based method used by Subramanian et al. (2014), 
based on Poldrack (2007). Baseline victimization scores as measured by the IVM will 
be entered as regressors. Moreover, the effects of the therapy will be evaluated via 
2 (Group: intervention, control) × 2 (Assessment: pre-assessment, post-assessment) 
interaction tests. Furthermore, we will study connectivity during a resting state fMRI 
to investigate changes in intrinsic networks.

DiSCuSSion

Individuals with a psychotic disorder are at an increased risk of becoming victim of 
a crime or other forms of aggression (Short et al., 2013). This trial will be the first to 
evaluate the effectiveness of a preventive intervention targeted at victimization for 
people with psychotic disorders. Effects will be examined at both a behavioral level by 
means of interviews and questionnaires and a cerebral level with fMRI scans. If proven 
effective, BEATVIC can be implemented in mental health care and contribute to the 
safety and well-being of psychotic patients. Especially, since therapists are currently 
left empty-handed when it comes to prevention of victimization. Furthermore, this 
study may improve insight in victimization and its risk factors. The longitudinal 
design enables the investigation of the role of risk factors on victimization in the long 
term. Moreover, the design allows to investigate whether improvement of risk factors 
results in a decrease of incidents. 

A methodological difficulty of this study, and of study designs with follow-up 
assessments in general, is the drop-out risk. We will control for drop-out by the 
inclusion of 25% extra participants to ensure statistical power will be maintained. 
Another more general drawback involves the use of self-report measures. Common 
criticism on self-report questionnaires concerns the fact that they require insight 
in one’s behavior, they may be subject of social desirability bias or biases related to 
timing. However, measures that will be used have been proven reliable and valid. In 
addition, the current study also includes fMRI tasks, interviews, a neuropsychological 
test and physical measures. An issue more specific to this study concerns the selection 
of patients. Because of the exclusion of patients with acute psychotic symptoms 
characteristics of psychosis and patients with co-morbid personality disorders, the 
sample may not include the most severely ill patients. Despite the fact that trauma 
or post-traumatic stress disorder (PTSD) has long been a reason for caution with 
regard to the treatment of psychosis, this is not an exclusion criterion. Recent studies 
showed that it is safe and effective to treat psychosis and co-morbid PTSD (van den 
Berg et al., 2015). Moreover, body- and movement-oriented interventions are common 
for traumatized individuals (Ogden et al., 2006; Rosenblum & Taska, 2014). Finally, 
vulnerable patients often live in an isolated environment which protects them from 
potential harm. The intervention motivates patients to take initiative and get out 
of their isolation which might heighten the risk of victimization. In an unpublished 
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feasibility study prior to this trial, participants appeared to be more empowered, 
took more initiative and got more self-confident at the end of the therapy. After the 
study completion, a subgroup of participants decided to attend kickboxing lessons in 
a regular gym under supervision of the expert by experience. Corroboration of such 
results in larger, randomized controlled trials may warrant inclusion of this approach 
in regular practice.
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aBSTraCT 

Background: Individuals with a psychotic disorder are at an increased risk of 
victimization but to date there are no suitable evidenced-based interventions 
available. Therefore, a body-oriented resilience therapy (‘BEATVIC’) was developed, 
aimed at preventing victimization by addressing putatively underlying factors. The 
effectiveness of BEATVIC was assessed in a multicenter randomized controlled trial. 
method: A total of 105 people with a psychotic disorder were recruited from six 
mental health care institutions. Participants were randomly allocated to 20 BEATVIC 
group sessions (n=53) or befriending group sessions (n=52). Short term effects on 
risk factors (e.g. social cognitive deficits, inadequate interpersonal behavior, low self-
esteem, internalized stigma, aggression regulation problems and lack of insight) were 
expected, since these are direct targets of the intervention. At six month follow-up, 
the effect on victimization was examined. In addition, effects on physical fitness and 
secondary outcomes (e.g. quality of life, recovery, societal participation, negative 
symptoms, trauma symptoms) were assessed.
results: 71.7% of the participants completed BEATVIC and 59,6% completed 
befriending. Multilevel analyses revealed no main effect of time and no significant 
differences between groups over time on primary and secondary outcome measures. 
Sensitivity analyses, limited to participants that attended ≥ 75% of the sessions, did 
not change these results.
Conclusions: In spite of promising results from both a pilot and an fMRI study, no 
short term effects on (risk factors of) victimization were found for the BEATVIC 
intervention. As victimization incidents do not occur frequently, analysis of the follow-
up data is warranted to investigate possible effects on victimization one to two years 
following BEATVIC. 
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inTroDuCTion

Individuals with a psychotic spectrum disorder are more susceptible to victimization 
than people from the general population (Morgan et al., 2016). According to a recent 
meta-analysis on victimization of people with a psychotic disorder, the prevalence 
rate is 22% for violent victimization (e.g. physical assault, threat with violence or with 
a weapon), 32% for sexual victimization (e.g. forced sexual penetration, sexual touch 
without consent, or sexual harassment) and 20% for non-violent crime (e.g. theft of 
property or money, fraud). These rates are approximately four to six times as high as 
victimization rates in the general population (de Vries et al. 2018a). Studies on patients 
with a psychotic disorder have revealed a large negative impact of victimization on 
many aspects of life, leading to for example substance abuse, depression (Fisher et 
al., 2017), more severe symptomatology and poorer illness outcome (Newman et 
al., 2010). Because of the increased risk of victimization in people with a psychotic 
disorder and its large negative impact, an intervention that prevents victimization is 
vital for this population. 

Currently, to our best knowledge, no evidence-based intervention aimed at primary 
prevention of victimization specifically of individuals with a psychotic disorder is 
available. Victimization is a form of trauma and may lead to PTSD symptoms which 
cause a large burden on mental health (van den Berg and van der Gaag, 2012). For 
example, PTSD symptoms have been associated with more severe psychotic symptoms 
and more problems with daily functioning (Mueser et al., 2010). Moreover, PTSD 
symptoms negatively affect arousal levels and coping styles, increase the likelihood 
of substance abuse and of being revictimized, and lead to a decrease of trust in self 
and others (Mueser et al., 2002). Although there are effective evidence based trauma-
focused therapies for people with a psychotic disorder (van den Berg et al., 2015) 
also leading to a reduction of revictimization (van den Berg et al., 2016), prevention 
of victimization in the first place is eligible above having to remediate the debilitating 
consequences. For this aim BEATVIC was developed: a body-oriented resilience 
therapy with kickboxing exercises consisting of 20 group sessions. The therapy uses 
a body-oriented approach (Röhricht, 2009) combining elements of physical exercise, 
assertiveness training and social cognition training allowing participants to recognize 
their own emotional and behavioral reactions to different social situations and to 
practice with new and adequate social behavior in a safe environment.

BEATVIC aims to prevent victimization by addressing risk factors for victimization 
which are modifiable and feasible to improve by means of a psychosocial intervention. 
The first risk factor  addressed in BEATVIC is social cognitive impairment (Baas et 
al., 2008; DePrince, 2005). Individuals with a psychotic disorder show a deficiency in 
recognizing facial expressions, body language, mentalizing and theory of mind (ToM) 
which may prevent accurate judgement of a risky social situation and/or leads to 
conflicts that may ultimately result in victimization. Another factor is self-stigma, for 
example due to perceived, experienced or anticipated discrimination, but also as a 
result of previous victimization (Horsselenberg et al., 2016). Self-stigma is associated 
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with low self-efficacy (Kleim et al., 2008), low self-esteem and reduced empowerment 
(Livingston & Boyd, 2010) which in turn leads to difficulties in adequately standing 
up for oneself in social situations and thus to becoming more prone to victimization 
(Egan & Perry, 1998). Furthermore, in some cases, perpetration and victimization go 
hand in hand (Jennings et al., 2012). For example when the environment is hostile or 
when roles of victim and perpetrator swap resulting in the victim becoming violent 
towards the perpetrator or towards others as a reaction, as revenge or as substitution. 
Compared to people with a psychotic disorder that have not been victimized, patients 
that have been a victim of a crime also have been more often an offender of a crime 
(Fitzgerald et al., 2005; Honkonen et al., 2004). For part of the individuals with a 
psychotic disorder aggression regulation problems or reduced illness insight which 
can be associated with aggressive behavior (Ekinci & Ekinci 2012) may elicit conflicts 
eventually putting the patient at risk for victimization (Witt, van Dorn, & Fazel, 2013). 
Since several of the aforementioned risk factors are associated with one another, a 
person may become trapped in a downward spiral of (re)victimization. To summarize 
these risk factors and their interactions, we constructed a model (see van der Stouwe 
et al. 2016) on which BEATVIC was based. 

The acceptability and feasibility of BEATVIC has previously been examined in a 
pilot  study (De Vries et al., 2018). Based on the results of this study several small 
adjustments were made to the intervention protocol and the research protocol. The 
current paper presents the results of a randomized controlled trial investigating 
the effectiveness of BEATVIC (van der Stouwe et al., 2016) comparing pre, post and 
the first follow-up assessment at six months. Short term effects on risk factors for 
victimization (e.g. social cognition, interpersonal behavior, self-esteem, internalized 
stigma, aggression regulation and insight) were expected, since these are direct 
targets of the intervention. Because incidents of violence do not occur often, it was 
hypothesized that short term effects on victimization would only become apparent 
at six month follow-up. A further decrease after one and two year, not here reported, 
is also expected. In addition, we examined possible effects on secondary outcome 
variables (e.g. recovery, social participation, quality of life, symptoms and PTSS 
symptoms), and on physical outcomes (e.g. physical activity and fitness).

mEThoDS

Participants

Participants were recruited from six mental health care facilities in the Netherlands. 
Inclusion criteria were: age ≥18, and a diagnosis in the psychotic spectrum according to 
DSM-IV-TR. Exclusion criteria were: severe psychotic symptoms (PANSS mean positive 
symptoms >5), substance dependence (not substance abuse), co-morbid neurological 
disorder, co-morbid personality disorder, estimated IQ <70 and pregnancy. For details, 
see van der Stouwe et al. (2016). 

190909 Proefschrift Elise van der Stouwe.indd   58 9-9-2019   21:52:51
        



59 58

BEATVIC: behavioral effects     |

4

Procedure 

Potentially eligible patients were referred by their treating clinicians. Interested 
patients received an information letter in which study procedures were explained. 
Patients were given a reflection period of two weeks after which written informed 
consent was obtained. Subsequently, diagnosis and absence of substance dependence 
were verified by means of the miniSCAN and absence of severe psychotic symptoms 
were checked with the PANSS. All patients were assessed at baseline (T0), directly post-
treatment (T1) and six months post-treatment (T2) by trained research assistants, 
blind to randomization status. Currently, follow-up assessments are being performed 
on eighteen months (T3) and thirty months (T4) following the intervention period, 
but these data are not included in the present paper. When participants finished the 
baseline assessment they were randomly allocated to BEATVIC or befriending by 
an independent researcher who was not involved in the trial. Randomization was 
stratified by gender and participation in the MRI sub study.

intervention 

BEaTViC In short, BEATVIC consists of twenty weekly group sessions of 75 minutes led 
by a therapist trained in body and movement oriented interventions (in the European 
literature called a psychomotor therapist, see www.psychomot.org/) and an expert by 
experience. Each session includes a warming-up, technical kickboxing exercises and 
thematic exercises, a cooling-down and a discussion of the addressed factors to make 
a transfer to daily life. The twenty sessions are divided into five modules. 
In the first module, participants are taught basic kickboxing techniques and 
patients learn about body posture. Special emphasis is on self-stigma and setting 
boundaries. The second module, ‘Recognizing dangerous behavior’, aims to improve 
social cognition and insight. Whereas the second module focuses on interpretation 
of behavior of others, the third module, ‘How others see me’, emphasizes patients’ 
own behavior and how they may appear to others. In the fourth module ‘Coping with 
aggression’ patients learn to detect and regulate one’s own aggression and how to deal 
with aggressive behavior of others. In the final module, exercises could be tailored to 
the specific needs of the group. Overall, the five modules target the risk factors from 
the victimization model. For an elaborate description of the BEATVIC intervention see 
the BEATVIC study protocol (van der Stouwe et al., 2016) and the BEATVIC feasibility 
study (B. De Vries et al., 2018). 

Control condition The control group participated in 20 weekly so called ’befriending’ 
sessions of 75 minutes. The goal of befriending is to provide a welcoming environment 
in which patients can socially interact. Befriending consists of five modules as well: 
‘Introduction’, ‘Media’, ‘Hobbies’, ‘Lifestyle’ and ‘Repetition and follow-up’. Throughout 
these modules, groups for example play board games and discuss their hobbies or 
prepare a healthy meal. Befriending has shown to be a credible and acceptable control 
condition with regard to enjoyment of therapy, expectancy and drop-out rate (Bendall 
et al., 2006). 
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Primary outcomes 

Victimization incidents were assessed at T0 and T2, risk factors of victimization were 
assessed at T0, T1 and T2. Due to technical problems victimization incidents were not 
assessed at T1.

Victimization. The revised Conflict Tactics Scale (CTS2) (Straus et al., 1996), was 
used to assess different forms of victimization and perpetration. The CTS2 consists 
of the following victimization and perpetration subscales: psychological aggression, 
physical assault, sexual coercion, physical injury and negotiation. Originally the test 
has been developed to assess partner violence, but in this study an adapted version 
was used to asses other social interactions as well. Participants had to indicate the 
frequency of 39 items on a scale with response categories once, twice, 3-5, 6-10, 11-
20 and > 20 times in the previous six months. We calculated a frequency score for 
each subscale using a midpoints substation scoring method (Vega & O’Leary, 2007). 
The internal consistency, reliability and construct validity of the original CTS2 is good 
(Straus et al., 1996). 

Social cognition. The Faux Pas task is a Theory of Mind (ToM) test, during which ten 
stories are read aloud to the participant, who can read along using a printed version 
of the stories (Baron-cohen et al., 1999). Subsequently, the participant has to indicate 
whether a faux pas is present in the story and if so, needs to indicate who made the 
social blunder, identify what it was exactly that the personage should not have said, 
why it should not have been said, recognize that the faux pas was a consequence of 
a false belief and describe the interlocutor’s feelings in face of the socially awkward 
situation. Each story has two general control questions to test whether the patient 
understood and remembered the general content of  the story. In the analyses we used 
the percentage correct answers of the stories with a correct answer on the control 
questions.

aggression regulation. The Self-expression and Control Scale (SEC) is a Dutch 
translation of 4 subscales of the State-Trait Anger Expression Inventory (Spielberger, 
1996). The questionnaire measures to what extent participants internalize or 
externalize feelings of anger and to what extent they can control that anger. The 
instrument consists of 40 items that range from 1 ‘almost never’ to 4 ‘almost always’ 
and has four subscales: internalizing anger, externalizing anger, control of internalizing 
anger and control of externalizing anger. All four subscales were used in the analyses. 
The SEC has good to excellent psychometric properties and has norm tables for 
different age groups and gender (Van Elderen et al., 1996).  

internalized stigma. Self-stigma was assessed with the Internalized Stigma of Mental 
Illness Scale (ISMI; Ritsher et al., 2003). The ISMI consists of the subscales stereotype 
endorsement, perceived discrimination, alienation, social withdrawal and stigma 
resistance and contains 29 items. We used the total score in the analyses. The internal 
consistency (α = .90) and test-retest reliability (r = .92) are high. 
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Social behavior. The Scale for Interpersonal Behavior (SIB; in Dutch “Schaal voor 
Interpersoonlijk Gedrag”; (Arrindell and Oosterhof, 1996) measures social anxiety 
and social skills. For 50 items describing social situations, respondents have to rate 
the level of tension/discomfort they would feel during such a situation, ranging from 
1 ‘no discomfort’ to 5 ‘very much discomfort’, and the frequency, ranging from 1 ‘never’ 
to 5 ‘always’. We used the total frequency and total discomfort score in the analyses. 
The reliability of the SIB is good and the construct validity is adequate (Arrindell & 
Oosterhof, 1996). 

Self-esteem. To assess self-esteem the Self-Esteem Rating Scale-Short Form (SERS-
SF) was used (Lecomte, Corbière, & Laisné, 2006). The scale consists of 20 items that 
are rated on a 7-point Likert scale. Ten items asses positive self-esteem and ten items 
measure negative self-esteem. We used both scales in the analyses. The instrument 
has been validated for people with a psychotic disorder. 
Insight. The Psychosis Insight Scale (PI) (Birchwood et al., 1994) consists of eight 
questions that measure insight in people with a psychotic disorder on three 
dimensions: attribution of symptoms, need for treatment and awareness of illness. 
We used the total score of these subscales in the analyses. The instrument of which 
we used the total score is sensitive to individual change and has found to be reliable 
and valid. 

Secondary outcomes 

Physical activity and endurance were assessed at T0 and T1, the rest of the secondary 
outcomes, were administered at T0, T1 and T2. 

Quality of life. To measure quality of life the Manchester Short Assessment of Quality 
of Life (MANSA) was used (Priebe et al., 1999), which has been specifically designed 
for people with severe mental illness. The questionnaire consists of twelve items 
evaluating the quality of life (QoL) ranging from 1 ‘could not be worse’ to 7 ‘could not 
be better’ and four questions about social interactions in the past week and violence 
in the past year which can be answered with yes/no. The total score was used in the 
analyses. The internal consistency is sufficient (α=.74) to good (α=.81) (Priebe et al. 
1999).

recovery. To examine recovery the National Recovery Scale (NRS; van Gestel-
Timmermans et al., 2013) was used. The NRS is a Dutch scale based on the 
Questionnaire about the Process of Recovery (QPR; Neil et al. 2010) and consists of 26 
items. The NRS total score was used for the analyses. The instrument has been proven 
reliable and valid.

Societal participation. The Social Functioning Scale (SFS; Birchwood et al. 1990) 
was used to measure social participation and social functioning and consists of 
78 items. The test consists of the following seven subscales: social engagement/
withdrawal, interpersonal communication, independence competence, independence 
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performance, recreation, pro-social behavior and employment. The raw total score 
of 75 of the 78 items was used for the analyses.  The SFS is responsive to change and 
found to be reliable and valid. 

Symptoms. To assess negative symptoms the Brief Negative Symptom Scale (BNSS) 
(Kirkpatrick et al., 2011) was used. The BNSS is a semistructured interview and 
consists of 13-items regarding the following six subscales: anhedonia, distress, 
asociality, avolition, blunted affect and alogia. The mean score accross all subscales 
was used for the analyses. 

Trauma. To examine whether participants experienced post-traumatic stress 
symptoms the Trauma Screening Questionnaire (TSQ) was used (Brewin et al., 2002). 
The first question assesses whether the respondent has ever experienced or witnessed 
a life-threatening or shocking event. If so, five arousal items and five re-experiencing 
items based on the DSM-IV PTSD criteria followed. The total score on these ten items 
was used for the analyses. The sensitivity and specificity of the TSQ are high (Dekkers, 
Olff, & Maring, 2010). 

Physical activity. All participants were asked to wear a pedometer (Yamax EX 510) in 
their pocket between the intake assessment and the T0 assessment and between the 
end of the intervention and the T1 assessment. The Yamax is a validated and reliable 
pedometer handbag (Bassett & John, 2010). The mean of the three most active days 
was used in the analyses as these days were considered most reliable (Servaas et al., 
2018) since wearing a portable pedometer was sometimes forgotten during (parts of) 
the day for example due to a change of clothes.  

Aerobic fitness. We used the 28 level Modified Shuttle Test (MST), a valid instrument 
to measure aerobic fitness of people with for example somatic disorders (Hassett 
et al., 2007). Participants have to walk between two points. A beep indicates when 
the participant has to be at the next point. The interval between the beeps becomes 
shorter every level. The outcome measure is the amount of meters a participant is able 
to walk or run between the two points. Total score is expressed in obtained meters. 
The modified version of the original 20 level Shuttle Test (Léger et al., 1988) consists 
of eight additional lower levels (total of 28 levels) to accommodate for people with 
lower aerobic capacity. 

Covariates 

Biographical characteristics. In order to examine biographical characteristics at T0 
the participants completed questions addressing age, gender, living situation, age of 
onset, number of psychotic episodes, number of hospital admissions amount of family 
contact, and sport participation. 

Substance use. The Dutch Screening risk of substance dependence (Spijkerman et 
al., 2011) was administered at T0, T1 and T2. The self-report questionnaire contains 
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eleven questions regarding the amount of alcohol and drug intake over one week or 
month. Differences in total score between groups were assessed.

Statistical analyses

Demographic differences between groups were tested using a Pearson chi-squared test 
for categorical variables and independent-samples T-tests for continuous variables. 
Continuous variables that were not normally distributed were tested by means of 
Mann-Whitney U tests. Tests were conducted two-tailed, with a significance level set 
at α = 0.05. Because the Conflict Tactics Scale was skewed to the right, data were log 
transformed to obtain a normal distribution before applying further analyses. 
The effects of BEATVIC on outcome measures were assessed with multilevel analyses 
because data had a hierarchical structure (Snijders & Bosker, 2012); assessments 
(level 1) were nested within individuals (level 2) clustered within sites (level 3). In 
MLwiN (Charlton et al. 2017) a separate 3-level model was constructed for each of the 
outcome variables. The following predictors were entered as fixed effects: a) dummy 
variables representing time (T0, T1, T2); b) condition (BEATVIC, Befriending); and 
c) the interactions T1*condition and T2*condition. The intercepts at levels 2 and 3, 
and the residual at level 1 were included as random effects. For each model it was 
tested whether the third level (site) was of significant addition to the model by means 
of deviance tests (Snijders and Bosker, 2012). If inclusion of the third level was not 
significant, this level was removed from the model. To assess a main effect of time, 
significance testing was conducted using deviance tests between the model with the 
time of assessment under investigation (T1 or T2), and a model without the particular 
dummy variable. Similarly, to assess differences between BEATVIC and befriending 
at T1 and T2, significance testing was conducted using deviance tests between the 
models with the interaction between the time of assessment under investigation (T1 
or T2) and condition (BEATVIC/befriending), and a model without the interaction 
term. Following Bonferroni, p-values were divided by the number of outcome 
measures (15; 8 primary and 7 secondary) that were investigated to correct for 
multiple testing. Consequently the significance level set at α = 0.003. Additionally to 
the intention to treat (ITT) analysis on the entire sample, we performed a sensitivity 
analysis including only participants who attended 75% or more of the intervention 
sessions (> 15 sessions).

rESulTS

Sample Characteristics

In total, 105 participants were included in the study of which 81 participants 
completed T1 and 74 completed the T2 assessment. Participants allocated to BEATVIC  
and befriending did not differ significantly on sociodemographic characteristics or 
illness related characteristics (table 1), and therefore none of these variables were 
entered in subsequent analyses. There was no significant difference in the number of 
sessions patients attended (t = -1.89, df = 103, p=0.06): the mean number of sessions in 
BEATVIC was 13.38 (6.48), and in the befriending condition 10.79 (7.47). In BEATVIC 

190909 Proefschrift Elise van der Stouwe.indd   63 9-9-2019   21:52:51
        



65 64

|     Chapter 4

60.38% of the participants attended 15 or more sessions, in the befriending condition 
40.38% attended 15 or more sessions.  

p

≤17 

≥29 

≥ 3

≥ 4

Table 1. Demographic and clinical characteristics.

Drop-out

For BEATVIC the attrition rate was 28.30% (15/53). As presented in the flow diagram 
(see figure 1), reasons for discontinuation of the therapy were unknown in six cases, 
for four participants due to their mental condition, for one participant because of 
the group setting and one participant moved during the intervention period. For 
befriending the attrition rate was 39.62% (21/52) of which twelve participants 
quit before or directly after the first session. Similarly, reasons for discontinuation 
of the therapy were unknown in four cases, for five participants due to their mental 
condition, for one participant because of the group setting, for five participants because 
of school or work, for two participants because they did not like the intervention, for 
one participant because he/she moved and for one participant due to cancelation of 
the group as there were not enough participants (see Fig.1). In both groups an equal 
amount of participants dropped out of the therapy because of their mental condition, 
this was in both groups unrelated to the intervention.
Given the ITT design, participants were invited for a post-assessment and follow-up 
assessment irrespective of whether they had completed the intervention. Study drop-
out in the BEATVIC condition was 24,5%, compared with 21,2% in the befriending 
condition for post-treatment, and 30,2% compared with 32,7% in the befriending 
condition for follow-up.

Effect of site

Multilevel analyses did not reveal a significant contribution of the site variable as 
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Recruitment 
Patients at intake 

(n=114) 

Not included (n=9) 
 Not meeting inclusion criteria (due to 

addiction) 
 No time/could not participate due to 

work or school 
  

Assessed at T0 
(n=105) 

Randomized 
(n=105) 

Allocated to BEATVIC 
(n=53) 

Allocated to Befriending 
(n=52) 

Intervention drop-out (n=15) 
- Due to mental 

condition/unstable/relapsed (n=4) 
- Reason unknown/no specific reason 

(n=6) 
- Did not feel comfortable in group 

(n=1) 
- Wanted to quit (no specific reason 

known) (n=4) 
- Moved (to another city) (n=1) 
  

  

Intervention drop-out (n=21) 
- Due to mental 

condition/unstable/relapsed (n=5) 
- Reason unknown/no specific reason 

(n=4) 
- Did not feel comfortable in group (n=1) 
- Could not participate (anymore) due to 

work, school e.g. (n=5) 
- Wanted to quit (no specific reason 

known) (n=2) 
- Did not like the intervention (n=2) 
- Moved (to another city) (n=1) 
- Group canceled due to too little 

participants (n=1) 

Lost to T1(n=13) 
Analyzed at T1 (n=39) 

  

Lost to T2 (n=16) 
Analyzed at T2 (n=37) 

  

Lost to T1 (n=11) 
Analyzed at T1 (n=42) 

  
  

  Lost to T2 (n=17) 
Analyzed at T2 (n=35) 

  
  

  figure 1. CONSORT diagram of participant flow.

a level to the models, indicating no significant differences between sites regarding 
effects on outcome measures. Therefore, site was removed as a third level in further 
analyses.

Primary outcomes 

Means and standard deviations for BEATVIC and befriending, at T0 and, if applicable, 
T1 and T2 are presented in table 2. Separate multilevel analyses for all dependent 
variables over the two periods (T0-T1 and T0-T2 ) revealed no main effect of time. 
Also no significant differences between groups over time (see table 3 and 4) were 
found.
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 BEATVIC   Befriending   

 T0 T1 T2 T0 T1 T2 

Primary outcomes       

N 53 39 37 52 42 35 

CTS2_vic_negotiation 23.11 (24.3) n.a. 21.79 (20.5) 23.88 (21.6) n.a. 27.37 (36.9) 

CTS2_vic_psy_aggres 6.83 (12.7) n.a. 4.53 (12.3) 6.58 (12.9) n.a. 3.89 (14.8) 

CTS2_vic_phys-assau 3.43 (10.2) n.a. 1.82 (7.0) 2.46 (12.1) n.a. 1.71 (8.8) 

CTS2_vic_sexcoercion 1.28 (8.8) n.a. 0.42 (2.3) 0.08 (0.4) n.a. 0.00 (0.0) 

CTS2_vic_injury 0.66 (2.6) n.a. 0.21 (1.0) 0.60 (3.5) n.a. 0.83 (4.6) 

CTS2_perp_negotiation 27.75 (25.9) n.a. 22.45 (23.2) 25.65 (21.2) n.a. 29.20 (36.7) 

CTS2_perp_psy_aggres 5.02 (10.3) n.a. 2.42 (8.6) 4.12 (9.7) n.a. 4.06 (13.6) 

CTS2_perp_physassau 1.77 (5.1) n.a. 1.13 (4.3) 2.21 (14.1) n.a. 2.51 (13.5) 

CTS2_perp_sexcoercion 0.06 (0.3) n.a. 0.00 (0.0) 0.00 (0.0) n.a. 0.06 (0.3) 

CTS2_perp_injury 0.70 (3.2) n.a. 0.11 (0.5) 0.73 (5.3) n.a. 0.46 (2.4) 

FauxPas_%correct 74.11 (18.0) 79.53 (18.1) 75.98 (20.9) 78.32 (20.1) 80.81 (15.96) 84.63 (17.5) 

SEC_IA 23.25 (7.6) 24.08 (7.8) 23.68 (8.3) 23.88 (6.8) 22.12 (5.53) 22.60 (6.9) 

SEC_EA 16.70 (4.1) 16.85 (4.2) 16.70 (4.3) 17.50 (5.0) 16.21 (4.05) 16.29 (4.0) 

SEC_CIA  29.91 (7.9) 29.36 (7.5) 28.41 (6.9) 28.65 (6.8) 30.95 (5.80) 29.37 (7.0) 

SEC_CEA  31.51 (5.6) 31.21 (6.0) 30.92 (4.9) 31.3 (5.1) 32.57 (4.36) 31.51 (5.5) 

ISMI_total 63.26 (14.5) 61.77 (16.5) 61.11 (15.3) 61.37 (13.0) 60.36 (12.82) 57.91 (12.6) 

SIB_Tension 121.08 (39.7) 122.90 (40.1) 119.84 (40.5) 112.87 (34.1) 110.40 (34.04) 107.69 (31.5) 

SIB_Frequency 130.00 (26.1) 140.26 (30.9) 135.89 (33.5) 134.75 (28.1) 133.19 (28.80) 131.63 (32.7) 

SERS_negative  34.98 (13.3) 35.59 (13.1) 36.16 (12.8) 35.85 (13.6) 30.90 (11.71) 31.97 (12.1) 

SERS_positive 46.91 (12.2) 47.54 (11.9) 49.08 (9.9) 45.56 (9.8) 47.36 (12.78) 47.89 (10.4) 

PI_total 12.04 (3.1) 12.36 (3.5) 11.92 (3.5) 11.75 (3.4) 11.74 (3.36) 11.60 (2.9) 

Secondary outcomes       

MANSA_total 56.38 (15.7) 54.77 (13.7) 57.27 (12.8) 56.69 (11.0) 60.57 (10.97) 54.94 (13.5) 

NRS_total 92.02 (19.2) 93.08 (19.6) 93.62 (19.0) 91.35 (18.3) 98.60 (16.20) 95.09 (14.7) 

SFS_total 125.53 (23.5) 124.67 (22.1) 126.32 (21.0) 125.62 (19.4) 130.52 (17.77) 131.94 (19.4) 

BNSS_mean 1.11 (0.8) 1.16 (1.0) 1.44 (1.1) 1.11 (0.6) 1.37 (0.95) 1.14 (0.9) 

TSQ_total 13.90 (3.0) 13.34 (3.0) 14.07 (3.2) 14.85 (2.6) 14.55 (2.66) 15.62 (2.2) 

Pedometer 8059 (4097) 8123 (4709) n.a. 9344 (4642) 7750 (4335) n.a. 

MST_level 10.06 (3.8) 10.11 (3.6) n.a. 9.49 (3.7) 10.27 (4.38) n.a. 

MST_meters 975.8 (585.6) 926.9 (585.5) n.a. 893.00 (607.2) 1031.6 (779.3) n.a. 

Secondary outcomes 

No significant main effect of time was observed, and also no differences between 
groups over time on the secondary outcome measures were found.

Sensitivity analysis

Sensitivity analyses including data of participants that attended ≥ 75% of the 

Table 2. Means and standard deviations of primary and secuondary outcome measures.
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sessions did not show different results: no significant time effects and no significant 
time * condition effects were found for both primary and secondary outcomes. So 
implications of the results of the intention-to-treat analyses did not change.
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DiSCuSSion

The current study compared the effect of a preventive body-oriented resilience 
therapy using kickboxing exercises with an active control condition in a multicenter 
randomized controlled trial. The aim of this study was to assess the short term effects 
of BEATVIC on risk factors of victimization and incidents of victimization in people with 
a psychotic disorder. No differences were found in primary and secondary outcomes 
between BEATVIC and the befriending groups over time, i.e., at post treatment and six 
months later at follow-up. These findings are in contrast with the results of a previous 
pilot study (De Vries et al., 2018) and fMRI study on BEATVIC (van der Stouwe et al. 
submitted). The lack of improvement on risk factors of victimization in the current 
study might be due to sample characteristics, outcome measures and intervention 
characteristics. With regard to the primary prevention of victimization, the amount 
of victimization incidents remained stable and did not increase over time. Although 
the current study does not provide compelling evidence for BEATVIC as an effective 
therapy, the combination of mentioned studies on BEATVIC do not allow for definite 
conclusions. Indeed, as incidents such as sexual victimization and physical injury 
are rare (Vries et al., 2018a), future analyses on currently gathered 18 month and 30 
month follow-up data is warranted.

For now, our results contrast with earlier findings in two ways. Firstly, our findings are 
in contrast with results from our previous pilot study with different participants and the 
separately published fMRI sub study with part of the current sample. In the pilot study 
(N=24), participants subjectively indicated a positive effect of BEATVIC on identifying 
and setting boundaries, recognizing those of others, self-esteem, faith in own strength, 
confidence, recognizing dangerous situations and risk of victimization (De Vries et al., 
2018). In the fMRI sub study, we investigated the effects of BEATVIC on brain activation 
during two social cognition tasks (van der Stouwe et al., submitted). Twenty-seven 
patients completed two face processing tasks before and after the intervention period. 
Independent component analyses showed increased involvement of the salience 
network in processing angry and fearful faces in BEATVIC participants compared to 
befriending. This may suggest an increased alertness for potentially dangerous faces. 
Of note, although based on the fMRI study participants may recognize danger earlier 
following BEATVIC, no effect was found on the self-report behavioral data in the 
total sample. It could be argued that effects of the intervention on the short term are 
restricted to basic neuropsychological mechanisms without participants being aware 
of these changes. For the changes in behavioral and psychological outcomes to come 
about, participants need to have experienced a change and be able to reflect on that in 
such a way that this becomes visible in the structured questionnaires.

Secondly, our findings are in contrast with previous research reporting beneficial 
effects of body and movement oriented therapies on self-esteem, social interaction 
skills and symptoms in people with a psychotic disorder (Röhricht, 2009; Holley et 
al. 2011; Malchow et al. 2013). Furthermore, several studies suggest that martial arts 
training like kickboxing, which was part of the intervention, could have a positive effect 
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on e.g. aggression regulation and social interaction (Zivin et al. 2001; Lakes and Hoyt 
2004; Twemlow et al. 2008). One could argue that these other studies were different 
from ours in several ways: 1) they were conducted with children and/or adults from 
the general population and not with a patient group, 2) they used observer rating 
measures and/or qualitative interview/questionnaires and not self-report quantitative 
measures, and 3) interventions were more intensive (2 or 3 weekly sessions) and/or 
had a longer duration, that is of one year or longer. These differences in study sample, 
outcome measures and intervention characteristics might partly explain the contrast 
between the positive results of these studies and the lack of observable changes in our 
study. 

Sample characteristics. Participants were not specifically selected based on risk 
factors of victimization as the patient group in general has a priori increased chances 
of victimization. However, this may have resulted in a study sample also including 
participants that were not per se prone to victimization. For example, patients 
that already had high levels of self-esteem, assertiveness and empowerment and 
experienced no problems with social functioning. The baseline data indeed show that 
on average patients in our study did not have deviant scores on self-esteem, social 
cognition, insight, self-stigma, aggression regulation and with symptoms scores 
ranging from minimal to mild. In addition, because of exclusion criteria (e.g. severe 
psychotic symptoms, substance dependence, co-morbid neurological disorder, co-
morbid personality disorder, estimated IQ <70 and pregnancy) the sample may have 
precluded the most severely ill and possible more vulnerable patients. This idea is 
supported by baseline pedometer data: on the three most active days of the 7 days 
that their steps were monitored participants showed an average amount of steps 
ranging from 7750 to 9345 a day, which is according to the World Health Organization 
qualified as ‘somewhat active’ and just below the recommended 10000 steps a day 
(WHO,  2008). Other studies have demonstrated that people with a psychotic disorder 
more often are inactive (Webber & Fendt-Newlin 2017) and walk approximately 4800 
steps a day (Kane et al., 2012). Lastly, two of the exclusion criteria, namely substance 
dependence or personality disorder, are characteristics that have been found to play 
a role in victimization of patients with a psychotic disorder as well (de Vries et al., 
2018b). However, we chose to exclude patients with these issues because they may 
hinder structural participation in groups. 

One could wonder why patients were willing to participate when they were possibly 
not in need for a resilience therapy. It is possible that, due to budget cuts in mental 
healthcare, few activities are offered to patients, while participating in activities in 
the community is often (still) too challenging. A recent study has demonstrated that a 
large part of patients is inactive but is eager to become active (Webber & Fendt-Newlin 
2017). Kickboxing as well as befriending may have been interpreted as fun leisure 
activities, patients were willing to participate even though they did not feel the need 
to become more assertive and/or wanted to reduce anxiety for victimization. 
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outcome measures. Few previous studies used observer rating measures and 
qualitative questionnaires instead of self-report quantitative measures. Indeed, a study 
that offered a martial arts intervention (that was similar to BEATVIC in terms of time/
duration, and diagnostic characteristics of the participants) found an increase in self-
control and sense of empowerment based on qualitative interviews (Hasson-Ohayon 
et al., 2006). In accordance with this finding, the BEATVIC feasibility study, conducted 
in preparation for this RCT, showed promising results based on a semi-structured 
questionnaire and group evaluations (de Vries et al., 2018). Patients reported that 
the intervention improved their self-esteem, helped to preserve better boundaries. 
They also felt safer walking on the street, and had the idea that they were better in 
recognizing of dangerous situations. It is possible that these subjective benefits are not 
easily objectified with the standardized tests used in the RCT. Although most studies 
investigating therapies use these kinds of measures, common criticism concerns the 
limited nature of questionnaires. For example, self-report measures require insight 
in one owns behavior, they may be subject of social desirability bias or biases related 
to timing (Hogenelst, Schoevers, & Aan het Rot, 2015). Questionnaires, like many 
evaluation methods are completed after the occurrence of an event so participants 
may forget important issues resulting in recall bias. However, selected questionnaires 
were well considered and were proven reliable and valid. 

Furthermore, BEATVIC is a body oriented therapy that consists mainly of non-verbal 
and experience based exercises while the used questionnaires depend on verbal 
and cognitive skills. Observational assessment procedures like the PsyMot (Emck & 
Bosscher, 2010; Kay et al., 2016) in which semi-structured sessions with exercises and 
games, individually or with a peer, are used to rate things like perceived competence, 
motor performance, self-control, self-confidence, and interaction with others, could 
possibly give more valid information. For patients with PTSD such an instrument, 
the PsychoMotor Diagnostic Instrument for patients with post-traumatic stress 
disorder (PMDI; van de Kamp et al., 2018), has been recently developed. The PMDI 
assesses stress level, physical and emotional numbing, physical fitness and vitality, 
empowerment and assertiveness, safety and trust and impulsive aggressive behavior, 
which would have matched our expected outcomes. 

intervention characteristics. BEATVIC addresses a broad range of risk factors 
including lack of empowerment and assertiveness for rather sub-assertive individuals 
that experience difficulties standing up for themselves, but also aggression regulation 
problems for more aggressive individuals that may evoke conflicts ultimately leading 
to victimization. To promote change in this broad and heterogenic patient group 
BEATVIC should perhaps be tailored to a specific victimization type, targeting less 
risk factors more efficiently. Furthermore, with regard to intervention characteristics, 
previous studies on exercise interventions reporting beneficial effects mostly 
investigated interventions with a higher frequency and intensity. An average weekly 
exercise frequency of at least 2 times a week might be the minimum (Scheewe et al., 
2013; van der Stouwe et al., 2018). BEATVIC consisted of weekly sessions and included 
therapeutic elements in addition to intensive kickboxing exercises. 
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limitations and suggestions for future research 

The most important limitation concerns the selected sample; the group may have 
been positively biased, since all patients were willing to participate in group sessions 
and were open to physical exercise. Patients with low self-esteem, social anxiety and/
or dislike of sports may have been hesitant to join and thus underrepresented, even 
though belonging to the target group. 

For future studies we recommend to conduct more research into possible victimization 
types, making personalized predictors of who is at risk and tailor the intervention to 
these type of victims. In addition, a longer follow-up is planned, one and two years post 
treatment, to capture the rare types of victimization. Furthermore, it is recommended 
to use more suitable outcomes in the future for instance non-verbal measures to test 
differences in arousal in social interactions and/or experience sampling to measure 
patterns of changes in interactions in daily life. 

Conclusion 

The current study was the first to compare a body-oriented resilience therapy using 
kickboxing exercises with an active control condition in a randomized multicenter 
controlled trial. Although fMRI data of our MRI substudy with part of the sample have 
indicated that BEATVIC might result in an increased neural engagement (possibly 
reflecting alertness) to potentially dangerous faces, self-report data from the RCT 
revealed no immediate effect on risk factors of victimization and actual victimization 
directly and six months after the intervention. It was suggested that this lack of effect 
may be explained by a combination of low victimization risk of the participating patients, 
the inadequate match between the used questionnaires and the intervention and the 
limited nature of self-report questionnaires in general, and certain characteristics 
of BEATVIC. Although the current study does not provide compelling evidence for 
BEATVIC as an effective therapy, the previous feasibility study and fMRI study also 
do not allow for the conclusion that this approach can be disregarded altogether. 
Analysis of the follow-up data is warranted to investigate effects on victimization one 
to two years following BEATVIC, since incidents do not occur frequently. Moreover, 
we consider it worthwhile to perform further research based on limitations regarding 
sample characteristics and outcome measures. 
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Neural correlates of victimization in psychosis: 
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aBSTraCT

Individuals with psychosis are at an increased risk of victimization. Processing of 
facial expressions has been suggested to be associated with victimization in this 
patient group. Especially processing of angry expressions may be relevant in the 
context of victimization. Therefore, differences in brain activation and connectivity 
between victimized and non-victimized patients during processing of angry faces 
were investigated. Thirty-nine patients, of whom nineteen had experienced threats, 
assaults, or sexual violence in the past five years, underwent fMRI scanning, during 
which they viewed angry and neutral facial expressions. Using general linear model 
(GLM) analyses, generalized psychophysiological (gPPI) analysis and independent 
component analyses (ICA) differences in brain activation and connectivity between 
groups in response to angry faces were investigated. Whereas differences in regional 
brain activation GLM and gPPI analyses yielded no differences between groups, ICA 
revealed more deactivation of the sensorimotor network in victimized participants. 
Deactivation of the sensorimotor network in response to angry faces in victimized 
patients, might indicate a freeze reaction to threatening stimuli, previously observed 
in traumatized individuals.

190909 Proefschrift Elise van der Stouwe.indd   76 9-9-2019   21:52:57
        



77 76

Neural correlates of victimization     |

5

inTroDuCTion

Individuals with a diagnosis in the psychotic spectrum are at an increased risk of 
becoming the victim of a crime (Bengtsson-Tops & Ehliasson, 2012). According 
to a meta-analysis on victimization in this group, the median prevalence rate for 
victimization during adulthood is 66% for violent victimization (e.g. physical assault, 
threat with violence or with a weapon), 27% for sexual victimization (e.g. forced 
sexual penetration, sexual touch without consent, or sexual harassment) and 39% 
for non-violent crime (e.g. theft of property or money, fraud) (de Vries et al., 2018a). 
One of the processes associated with victimization in people with a psychotic disorder 
may be social cognition (DePrince, 2005a), particularly problems in processing facial 
expressions (Baas et al., 2008). 

Individuals with a psychotic disorder have consistently shown inadequate processing 
of facial expressions (Kohler et al., 2003; Savla et al., 2013). Especially processing of 
angry facial expressions might be relevant in the context of personal victimization 
(e.g. violent threats, assaults), because adequate processing of angry faces enables 
recognizing the intentions of potential perpetrators. Subsequently, an individual 
may adequately adjust his/her behavior for example by leaving a social setting, 
by trying to de-escalate a potential escalation or by showing an assertive reaction. 
Patients may either perceive faces as less angry and show a decreased response to 
angry faces (Baas et al., 2008) resulting in the absence of an appropriate cue to adjust 
behavior accordingly, or as more angry and show an increased response to angry faces 
(Kohler et al., 2010) which consecutively may lead to conflicts ultimately resulting in 
victimization. In turn, victimization is a specific type of trauma which, according to the 
literature, may elicit either increased sensitivity to threatening stimuli such as angry 
faces (Melih et al., 2017) or induce a rather blunted or freezing response (Hagenaars, 
Oitzl, & Roelofs, 2014) . In all, although the direction of causality is unclear, the 
literature suggests an association between alterations in emotional face processing 
and victimization incidents (Baas et al., 2008; DePrince, 2005a).  

To date, research has focused on personal and environmental factors associated with 
victimization (de Vries et al., 2018b), with little emphasis on potential related neural 
processes that could provide important insights in associated mechanisms. Research 
has revealed a collective network of brain areas to be involved in the processing 
of facial social information. First of all, the superior temporal sulcus (STS) and the 
fusiform gyrus (FG) have been implicated in face processing. While the FG responds 
most strongly to tasks focusing on facial identity, the STS has been found to monitor 
and interpret behavior of others by responding mostly to changing aspects of faces 
such as movements of the eyes or mouth (Haxby et al., 2000; Pelphrey & Morris, 2007; 
Winston et al., 2002). Secondly, the amygdala responds to emotionally and socially 
relevant information (Adolphs, 2010). Another key area is the insula, which is involved 
in processing aversive emotions such as disgust, fear and anger (Lindquist et al., 
2012). The orbitofrontal cortex has been found to monitor future outcomes of social 
behavior (Amodio & Frith, 2006). Finally, the anterior cingulated cortex (ACC) has 
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projections to both the amygdala and the prefrontal cortex and is therefore, amongst 
other functions, implicated in emotion regulation and monitoring of the saliency of 
emotional information (Stevens et al., 2011).

A large body of research revealed aberrant neural activation of mentioned areas to be 
associated with emotional face perception in individuals diagnosed with a psychotic 
disorder. A recent meta-analysis found that, compared to the general population, 
people with schizophrenia showed decreased activation throughout the emotional 
face processing areas (e.g. FG, amygdalala, insula, ACC, medial frontal gyrus, para-
hippocampal gyrus, right medial dorsal thalamus), and increased activation in 
higher-order visual processing regions within the cuneus (Delvecchio et al., 2017). 
Although the nature of this increased activation is unclear, it has been suggested 
that overactivation within higher-order visual regions may compensate deficits in 
integrating visual information. 

Although the current study was the first to investigate neural processes related to 
victimization in patients with a psychotic disorder, previous studies have investigated 
processing of threatening stimuli in traumatized individuals. Several studies reported 
increased brain activation to negative facial expressions, for example in the amygdala, 
hippocampus, insula, ACC,  angular gyrus, supramarginal gyrus and middle temporal 
gyrus (Aas et al., 2017; Cisler et al., 2014; Garrett et al., 2012) or increased functional 
connectivity between the left IFG and the right IFG and right insula during a ToM task 
(van Schie et al., 2017). Other studies reported decreased brain activation of thalamus, 
the ACC, and the medial frontal gyrus (Lanius et al., 2001) or decreased resting-state 
network connectivity within the default mode network, salience network, sensorimotor 
network and auditory network during (Zhang et al., 2015). In all, studies on trauma 
mostly revealed differences in brain activation patterns between a traumatized and 
non-traumatized group of participants.

As for now little is known about the association between emotional face processing 
and incidences of violence in adults with psychotic disorder. Therefore, the aim of 
the current study was to investigate whether in patients with a psychotic disorder, 
those with a history of recent victimization show differences in brain activation and 
in brain connectivity during processing of angry facial expressions. Based on previous 
studies with traumatized individuals we hypothesized that in people with a psychotic 
disorder, victimization is associated with aberrant brain activation and connectivity 
within brain areas involved in processing of facial expressions.

mEThoDS

Participants

A total of 39 participants (26 male) were recruited as part of the ‘Beat victimization’ 
study (van der Stouwe et al., 2016)(Beatvic) which evaluates a body-oriented 
intervention that aims to prevent victimization of individuals with a psychotic disorder 
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(Current Controlled Trials: ISRCTN21423535, van der Stouwe et al., 2016). This study 
was approved by the local ethical committee (University Medical Center of Groningen, 
The Netherlands; METc protocol number: NL52202.042.15) and was performed in line 
with the declaration of Helsinki. Participants (age>18) with a diagnosis in the psychotic 
spectrum according to DSM-IV-TR criteria were recruited from six mental health 
institutions in the Netherlands. Exclusion criteria were: severe psychotic symptoms 
(PANSS mean positive symptoms > 5), substance dependence (not substance abuse), 
co-morbid neurological disorder, co-morbid personality disorder, estimated IQ < 70, 
pregnancy and, for participants in the MRI-study, extra MRI-compatibility related 
exclusion criteria such as metal implants and claustrophobia. 

Procedure

Onsite therapists selected potentially eligible patients based on in- and exclusion 
criteria and referred selected patients to the researchers. The research team 
subsequently contacted referred patients to provide information about the study and 
to ask whether they were interested in participating. Interested patients received an 
information letter and had a minimum of a two-week period to consider participation. 
With patients who decided to participate, an intake was planned to verify in- and 
exclusion criteria by means of the miniSCAN and the PANSS interview and a written 
informed consent was obtained. Participants were asked whether they were interested 
to participate in the MRI sub-study as well. If so, an MRI-checklist regarding MRI-
compatibility related criteria was completed during the intake as well. Assessors were 
all trained in the miniSCAN and PANSS interview. In the current study, baseline MRI 
data was used. 

measures

Sample characteristics. miniSCAN interviews and PANSS interviews (Kay & Fiszbein, 
1987) were performed and participants completed questions regarding age, gender, 
occupational status, living situation, illness characteristics, medication and filled out 
the trauma screening questionnaire (TSQ; Dekkers et al., 2010). The TSQ is a ten-item 
instrument consisting of five re-experiencing and five arousal items, with a score of 6 
as cut-off.

Victimization. The victimization subscale of the Dutch Crime and Victimization 
Survey (Kamperman et al., 2014b), a questionnaire that resembles the International 
Crime Victimization Survey was used. Because of our interest in the role of emotional 
face processing, we focussed on the items involving direct social interaction, i.e. the 
four items on personal victimization (see Table 1). The items were multiple choice 
questions consisting of four alternative answer options: ‘Yes, last year’, ‘Yes, one year 
before’, ‘Yes, in the previous five years’ and ‘No’. Participants that responded with 
‘Yes’ to any of these questions were considered victimized within the last five years. 
Literature on the validity of retrospective reports of victimization in people with a 
severe mental illness posit that retrospective assessments yield reliable information, 
and that false positives are rare (Goodman et al., 1999).
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Emotional faces paradigm. As part of the Beatvic study participants completed a 
gender discrimination task (Fisher et al., 2014) to assess implicit emotion processing 
and to keep participants’ attention to the stimuli. The task included sixteen blocks 
depicting photographs of individual angry, neutral, happy and fearful faces acquired 
from the Karolinska Directed Emotional Faces database (Lundqvist et al., 1998). Each 
block contained six trials, including three to five face trials from one emotion condition 
and one to three null trials consisting of a fixation cross. Face trials and null trials 
were mixed at random throughout each block. Each face trial consisted of a stimulus 
presented for 600 milliseconds and an interstimulus interval of 200 milliseconds 
during which a fixation cross was displayed. Participants were instructed to respond 
(indicate the gender) by means of a button box as fast as possible, before presentation 
of the following stimulus. Each null trial comprised presentation of a fixation cross for 
600 milliseconds, followed by an interstimulus interval of 200 milliseconds.  

magnetic resonance imaging acquisition  

Neuroimaging data were acquired using a 3T Philips Intera MR-scanner (Best, the 
Netherlands), equipped with a SENSE 32-channel head coil. Functional images were 
acquired using a T2*-weighted echo-planar sequence and consisted of 39 descending 
axial slices, 3 mm thick, and no slice gap (repetition time = 2 s; echo time = 30 ms; flip 
angle = 90 degrees; FOV= 192 x 192 x 117 mm, with an inplane matrix consisting of  
64 x 61 voxels at 3 x 3 x 3 mm). All scans were oriented 10-20° to the AC-PC transverse 
plane to prevent artefacts from nasal cavities. The task consisted of 275 functional 
volumes. In addition, a high-resolution anatomical T1 image was recorded using the 
following parameter settings: voxel size 1 x 1 x 1 mm; 170 slices; TR = 9 ms; TE = 3.5 
ms; slice thickness = 1 mm; 256 x 256 matrix; FOV 256 x 232 x 170 mm.

 

Items Yes, in the last 
year 

Yes, in the 
previous year 

Yes, in the 
previous 5 years 

No 

’Sometimes people touch or grab someone else with 

Table 1. Personal victimization items from the victimization subscale of the Dutch Crime and 
Victimization Survey.
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Data analysis

Demographic characteristics. Demographic and clinical differences between 
the treatment and control group were tested using a Pearson chi-squared test for 
categorical variables or Fisher’s exact tests in case expected cell counts <5. Continuous 
variables were tested with independent T-tests and in case these variables were not 
normally distributed by means of Mann-Whitney U tests. 

Behavioral data. Reaction times (RT) and accuracies (Acc) on the gender 
discrimination task were analyzed by a condition (angry, neutral) x group (victimized, 
non-victimized) repeated measures ANOVA, with group defined as a between-subjects 
variable and condition as a within-subjects variable.

Pre-processing. Neuroimaging data were preprocessed using Statistical Parametric 
Mapping 12 version 6470 (Welcome Department of Cognitive Neurology, UCL) in 
Matlab version 7.8.0 (Mathworks, Natick USA). Functional images were realigned and 
then co-registered to the anatomical T1 image. Next, the images were normalized 
to Montreal Neurological Institute (MNI) space using the MNI152 template and 
smoothed using an 8 mm full width at half maximum (FWHM) Gaussian kernel. Due to 
excessive movement according to realignment (> 3mm), data of one participant was 
excluded from further analysis.

glm activation analyses. For first-level analyses, general linear models (GLM) 
including four task regressors (angry, neutral, happy, fearful), defined as onset times 
per trial, were convolved with the canonical hemodynamic response function. To 
correct for motion, six motion parameters and their first derivatives were added. In 
addition, framewise displacement (FD) was calculated and included as a regressor. 
Motion was deemed excessive when FD > 0.9 for a certain volume(Siegel et al., 2014). 
Because we were particularly interested in brain response to angry facial expressions 
in the context of victimization, for each participant, the following contrasts were 
computed: 1) angry > baseline, 2) neutral > baseline, 3) angry > neutral.

Single-subject contrast images were used to perform one-sample t-tests at second 
level to examine main task effects. Two-sample t-tests were performed to compare 
the victimized and the non-victimized group. Medication use was entered as covariate 
of no interest in all analyses by means of a dummy variable (antipsychotic medication 
yes/no; antidepressant medication yes/no). Previous mentioned key areas involved in 
processing facial social information, the amygdala, superior temporal sulcus, fusiform 
gyrus, insula, orbitofrontal cortex, ACC, and the cuneus were defined as regions of 
interest (ROI). A composite mask was constructed by means of the WFU pickatlas 
(Maldjian et al., 2003). To correct for multiple comparisons, contrast images were 
thresholded at p<.05 FWE cluster-level for the extent of the ROI-mask with an initial 
threshold of p<.001 uncorrected.
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Generalized psycho-physiological interaction (gPPI) analyses were used to investigate 
the functional connectivity between a seed region and the rest of the brain in response 
to the task conditions (McLaren et al., 2012). To construct a seed region, a sphere with 
a radius of 6 mm was drawn around the peak coordinate derived from the angry > 
neutral group differences.

At first-level, for each participant a separate generalized Psychophyiological 
Interaction (gPPI) model was estimated for the seed region. To obtain the physiological 
variable, BOLD signals were extracted from this region. Hemodynamic deconvolution 
was performed on the extracted time series to remove the effects of the canonical 
hemodynamic response function (HRF). The resulting time series were multiplied 
by the task regressors (angry, neutral, happy and fearful) and convolved with the 
HRF, eventually resulting in nine regressors: four task conditions, one for the time 
series of the seed and four seed x condition interaction regressors. To identify regions 
that showed stronger functional connectivity with the seed during presentation of 
an angry compared to a neutral facial expression, the contrast angry > neutral was 
created by subtracting the gPPI interaction regressor of the neutral condition from the 
interaction regressor of the angry condition. 

On second-level, the contrast images were entered into a one sample t-test to examine 
task connectivity in the whole sample. A two sample t-test was performed to compare 
the victimized and non-victimized group. We applied a threshold of p<.05 FWE 
at cluster-level for the extent of the ROI-mask with an initial threshold of p<.001 
uncorrected.

independent Component analysis. Independent Component Analysis (ICA) was 
performed with the Group ICA of fMRI Toolbox (GIFT; version 3.0b; MATLAB Software), 
which was implemented in Matlab version 2013b (Calhoun et al., 2001). The number 
of independent components was estimated using Maximum Description Length (MDL) 
and Akaike’s criteria, which resulted in 30 components. For all participants, images 
were decomposed into 30 spatially independent components using the Infomax 
algorithm. Single subject time courses and spatial maps were back-reconstructed by 
means of spatial-temporal regression. Subsequently, a group ICA was performed and 
its stability was assessed by performing an ICASSO on 20 iterations (Himberg et al., 
2004).

Component modulation. To calculate the association between the time courses of 
the independent components with the conditions of the emotional faces task, design 
matrices derived from the GLM analysis were entered in the temporal sorting function 
(multiple regression) in GIFT to calculate the correlation between the components 
and the task. The resulting beta weights were entered into a two-way ANOVA with 
two groups (victimized and non-victimized) and two conditions (angry and neutral 
faces) to test for group differences in component (de)activation. Following Bonferroni, 
p-values were divided by the number of components that were investigated to correct 
for multiple testing.
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rESulTS

Sample characteristics

Demographical and clinical characteristics are reported in Table 2. The victimized 
and non-victimized groups did not differ on sociodemographic or illness related 
characteristics. Because depression and paranoia may influence processing of facial 
expressions (Groenewold et al., 2013a; Williams et al., 2004a), we also explored 
group differences on the individual PANSS depression item and paranoia item, but no 
differences were found. In the victimized group participants had significantly higher 
scores on the trauma screening questionnaire. In the non-victimized group more 
people used antipsychotic medication and antidepressants. 

Behavioral results

There were  no differences in RT between conditions (F(1)=3.0, p=.09) or between 
groups ((F(1)=1.2, p=.28). There was also no interaction effect between emotion 
condition and victimization group (F(1)=0.2, p=.63). Similarly, there were no 
differences in accuracies between conditions (F(1)=2,6, p=0.11) or between groups 
(F(1)=0.3, p=0,58). There was also no interaction effect between emotion condition 
and group (F(1)=0.8, p=0.36).

FMRI results

main effects 

During angry faces compared to baseline, the occipital lobe, fusiform gyrus, dorsal 
anterior and middle cingulate cortex, superior temporal gyrus, lingual gyrus, calcarine 
gyrus, middle and inferior frontal gyrus, superior and inferior orbitofrontal gyrus, 
hippocampus, cuneus, insula and thalamus were found to be more activated (table 3). 
A similar pattern of brain regions were identified for the contrast neutral>baseline 
(table 3). Comparing the angry condition with the neutral condition, no differential 
activation was found. 

group differences in activation

The groups did not differ in brain response to angry>neutral stimuli at a threshold 
of p<0.05 FWE cluster-level for the extent of the ROI-mask with an initial threshold 
of p<.001 uncorrected. At a more lenient threshold (uncorrected at cluster-level), 
the victimized group showed less activation in the left STG compared to the non-
victimized group (x=-54, y=-28, z=5, k=2, T=3.45, Z=3.18).

functional connectivity gPPi analysis 

Based on uncorrected angry>neutral group differences, a seed region was created by 
drawing a 6mm radius sphere around the STG peak coordinate. Connectivity analysis 
showed no significant connectivity from the seed to the rest of the brain. Moreover, no 
significant differences between the victimized and non-victimized groups were found 
in connectivity from the superior temporal gyrus.
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 Victimized participants Non-victimized 
participants 

Test statistic 

N 19 20  
Age, mean (SD) 32 (10.1) 36.2 (11.0) t(37)= -1.24, p=.22 
Gender, n (%) male 11 (57.9) 15 (75) X2(1)=1.28, p=.32 
Occupational status, n (%)   X2(1)=.67, p=.52 
     Job or voluntary work 7 (36.8) 10 (50.0)  
     Unemployed 12 (63.2) 10 (50.0)  
Living situation, n (%)    
     Alone 8 (42.1) 14 (70) X2(3)=3.01, p=.38 
     Partner 3 (15.8) 1 (5)  
     Family/parents 2 (10.5) 3 (15)  
     Supported housing 6 (31.6) 2 (10)  
Age of onset, mean(SD) * 19.4 (8.0) 21.5 (9.1) t(34)=-.74, p=.47 
Number of psychotic episodes, mean(SD) * 4.5 (4.2) 3.6 (3.1) t(34)=.73, p=.47 
Number of admissions, mean (SD)* 1.4 (1.5) 1.6 (1.2) t(34)=-.49, p=.63 
PANSS score, mean(SD)    
     Total 48.4 (9.7) 48.5 (8.3) u=182, p=.82 
     Positive 13.1 (3.9) 12.1 (3.5) u= 159, p=.38 
     Negative 10.0 (2.5) 10.6 (2.9) u=171, p= .59 
     General 25.3 (5.1) 25.9 (4.6) u=181, p=.79 
BNSS total score 15.6 (10.4) 15.4 (9.1) u= 180, p=.79 
PANSS depression item 2.7 (1.6) 2.8 (1.4) u= 184, p= .86 
PANSS paranoia item 2.8 (2.5) 2.0 (1.0) u= 152, p=.26 
TSQ, N(%) traumatized 5 (26.3) 1 (5) p=.18 

TSQ, mean (SD)symptoms 3,55 (3,25) 1,37 (2,17) t(37)=2,45, p= .02 
Diagnosis, n (%)    
    Paranoid schizophrenia 3 (15,8%) 8 (40,0%)  
    Schizophreniform disorder 2 (10,5%) 2 (10,0%)  
    Delusion disorder 3 (15,8%) 0 (0,0%)  
    Brief psychotic disorder 1 (5,3%) 1 (5,0%)  
    Psychotic disorder NOS 10 52,6% 9 (45,0%)  
Antipsychotic medication, n (%)   p=.04 
     Risperidone 4 (21.1) 4 (20.0)  
     Olanzapine 2 (10.5) 4 (20.0)  
     Clozapine 1 (5.3) 6 (30.0)  
     Aripiprazole 2 (10.5) 6 (30.0)  
     Quetiapine 3 (15.8) 2 (10.0)  
     Haloperidol  2 (10.5) 1 (5.0)  
     Paliperidone 1 (5.3) 1 (5.0)  
     Bromperidole 0 1 (5.0)  
     Penfluridole 0 2 (10)  
     None 6 (31.6) 0  
Antidepressant medication, n (%)   p= .01 
     Citalopram 5 (25.0) 4 (20.0)  
     Venlafaxine 0 3 (15.0)  
     Amitriptyline       0 1 (5.0)  
     Norpriptyline 0 1 (5.0)  
     Lithium 0 1 (5.0)  
     Clomipramine 0 1 (5.0)  
    Mirtazapine 1 (5.0) 1 (5.0)  
    None 14 8  
 

Table 2. Demographic and clinical characteristics

*Data of only 17 victimized participants and 19 non-victimized participants were 
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Contrast Regions Cluster size T value Z value MNI coordinates 

     x y z 
Fusiform gyrus, 

superior 
temporal gyrus, 

amygdala

Fusiform gyrus, 

superior 
temporal gyrus, 

amygdala

Cuneus

insula
Superior orbitofrontal gyrus,

insula, dorsal anterior 
cingulate cortex, 

Superior temporal gyrus 

Fusiform gyrus

Fusiform gyrus

Cuneus

insula, 
superior orbitofrontal gyrus, 
anterior cingulate cortex, 

Table 3. Peak activations of brain regions, which showed differential activation for the contrasts (angry > 
baseline) and (neutral > baseline).

A priori regions of interest are shown in bold
For the contrasts angry vs baseline and neutral vs baseline we applied an initial threshold of p<0.001, 
uncorrected and p<0.05, FWE at cluster-level.
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independent Component analysis

Based on temporal sorting of the 30 components, the eight components that showed 
the highest correlation with the task were selected. Of these eight components, the 
first component consisted mostly of cerebrospinal fluid and was therefore excluded. 
The other seven components resembled components identified in previous resting 
state studies (Allen et al., 2011; Damoiseaux et al., 2006) and were used for further 
analyses (Figure 1). For a detailed description of these components, see Supplement 
1. Subsequent components in the temporal sorting were related to artifacts, such as 
head motion, physiological and scanner noise, cerebrospinal fluid and white matter. 

figure 1. The spatial maps of A) the salience network (r = 0.14), B) the fronto-parietal network (r = 0.13), 
C) the anterior default mode network (DMN, r = 0.09), D) the posterior DMN (r = 0.10), E) the medial 
sensorimotor network (r = 0.11), F) the lateral sensorimotor network (r = 0.20), G) the visual network (r= 
0.11).
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Component modulation

The component consisting of the (medial) sensorimotor network showed less 
activation in the victimized group compared to the non-victimized group during the 
processing of angry faces (F(1,37)=11.889, p=0.000935). This effect was due to more 
deactivation of the sensorimotor network in the victimized group (Figure 2). The 
component showed no main effect of task condition, or interaction effect between 
group and task condition. There were no significant differences observed for the other 
components.
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figure 2. Results of the ICA in the sensorimotor component: representations of the beta weights per 
group and per task condition. Error bars represent standard error.
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DiSCuSSion 

This was the first study to investigate brain response during processing of angry facial 
expressions in a victimized and non-victimized group of participants with a psychotic 
disorder. No differences were found between both groups in terms of regional brain 
activation and brain connectivity as analyzed with respectively GLM and gPPI analyses. 
Independent component analyses revealed more deactivation of the sensorimotor 
network in the victimized group compared to the non-victimized group. This finding 
may be interpreted as a freeze reaction to threatening stimuli, previously seen in 
traumatized individuals.

We found activation in visual areas and key areas involved in processing of facial social 
information, in response to angry and neutral faces. These findings are in line with 
previous studies using an emotional faces paradigm in individuals with schizophrenia 
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(Gur et al., 2007; Holt et al., 2006a; Johnston et al., 2005). While contrasting angry 
and neutral faces with baseline showed solid task activation, contrasting angry 
versus neutral faces however revealed no significant differences in brain activation 
at a corrected level. This could be explained by a similar pattern of brain response 
to both conditions (angry and neutral), which is consistent with previous studies. In 
these studies patients with schizophrenia responded to face- and word-stimuli, rated 
as neutral by healthy volunteers, as if they were emotional or arousing (Kohler et al., 
2003; Williams et al., 2004b). Studies which contrast neural responses to emotional 
facial expressions versus responses to neutral expressions may underestimate the 
magnitude of brain activation as compared to studies which also contrast emotional 
facial expressions with a baseline condition consisting of for example scrambled faces 
(Holt et al., 2006b).

The lack of GLM and gPPI findings are in contrast with studies reporting differential 
brain activation to facial expressions between traumatized and non-traumatized 
groups (Cisler et al., 2014; Crozier et al., 2014; Garrett et al., 2012). However, 
although victimization may be considered as a form of trauma, these studies 
included participants with subsequent PTSD  symptoms which may have resulted 
in a more severely disabled sample in comparison to a non-traumatized control 
group. In addition, our group sizes were rather small, considering the heterogeneous 
nature of the sample with regard to illness duration and severity. Furthermore, the 
operationalization of victimization with an emphasis on overt aggressive behavior 
(threats, sexual and other forms of physical violence) may have been not sensitive 
enough. Therefore, part of the participants now included in the control group might 
have been victim of more subtle forms of interpersonal violence, for example by being 
bullied, social exclusion, rejection or being mistreated as a result of stigmatization. 
Future studies are recommended to use more fine-grained measures of victimization. 

In comparison to GLM and gPPI analyses, ICA analysis, which enables identification 
of networks in a data-driven manner, is more sensitive to detect subtle differences 
between participants (Koch et al., 2009). The ICA analysis revealed more deactivation 
of the sensorimotor network in the victimized group compared to the non-victimized 
group. The sensorimotor network is implicated in processing and undertaking 
actions. Decreased activation in sensorimotor regions and decreased connectivity 
within the sensorimotor network has been previously associated with the common 
symptom ‘freezing of gait’ in patients with Parkinson’s disease which refers to a brief, 
involuntary abortion of movement (Mi et al., 2017; Shine et al., 2013). Deactivation 
of the sensorimotor network in victimized patients may resemble to some extent the 
freeze response often observed in traumatized individuals (Hagenaars et al., 2012; 
Roelofs et al., 2010). The freeze response is characterized by reduced body motion 
and bradycardia in response to threat (Blanchard et al., 1986). Roelofs et al. (2010) 
investigated freezing in a social threat context reporting bradycardia and reductions 
in body sway in response to angry faces compared to neutral and happy faces. It has 
been suggested that trauma affects motor responses, with increased trauma frequency 
being associated with more severe motor dysfunctions in conversion disorder (Roelofs 
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et al., 2002a). Hagenaars et al. (2012) have found that compared to people who had 
never experienced an aversive life event (e.g. sexual or physical assault, serious 
accidents), individuals who had experienced one aversive life event showed reduced 
body sway to unpleasant pictures. Moreover, people who had experienced multiple 
aversive life events showed reduced body sway in response to neutral, pleasant and 
unpleasant pictures indicating a cumulative effect of multiple trauma. Future studies 
may investigate whether this cumulative effect also applies to victimization incidents 
in people with a psychotic disorder.

Strengths and limitations. Although the prevalence rate of victimization is high 
for people with a psychotic disorder (de Vries et al., 2018a), and processing facial 
stimuli has been suggested to be associated with victimization in this group (Baas et 
al., 2008), this was the first study to explicitly investigate this relationship. Moreover, 
no previous studies investigated factors associated with victimization in individuals 
with a psychotic disorder by means of fMRI. The study also had several limitations. 
Limitations regarding the sample size and operationalization of victimization have 
been mentioned above. Two additional limitations regard the study design. First 
of all, the study was cross-sectional preventing causal inferences of the ICA results. 
Victimization may be traumatizing, leading to an exaggerated freeze response to 
threatening facial expressions previously reported in traumatized individuals. 
But the other way around, altered processing of facial expressions might be a risk 
factor of victimization in individuals with a psychotic disorder. As a next step, future 
longitudinal studies may give more insight in the direction of the effect. Second, the 
study lacks a healthy control group. Although there is clear evidence that individuals 
with a psychotic disorder have difficulties with facial expression recognition and 
processing (Kohler et al., 2010; Savla et al., 2013), without a healthy control group, 
it is not possible to determine whether the differences in activation between the 
victimized and non-victimized groups are specific to patients with psychosis.

Conclusion

This was the first study that investigated brain response to angry faces in victimized 
and non-victimized individuals with a psychotic disorder. The emotional faces task 
activated brain areas previously implicated in similar emotional faces paradigms. No 
differences in regional brain activation and connectivity between groups were found, 
which might be explained by the small sample size and presence of subtle forms 
of victimization in the non-victimized group. The victimized group showed more 
deactivation of the sensorimotor network in response to angry faces compared to 
the non-victimized group. Although the study design does not allow for inferences 
regarding the direction of this effect, based on previous literature, this finding may be 
interpreted as a freeze reaction to threatening stimuli, previously seen in traumatized 
individuals. Our work builds up on previous studies investigating neural mechanisms 
of freezing in trauma that have reported alterations in certain brain areas (Logan et al., 
2002; Roelofs, 2017), by adding the sensorimotor cortex as an important underlying 
brain region.
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Supplement 1. Detailed description of components

Component A (salience network, r=0.14) consisted of a bilateral network including 
the insula, superior frontal regions and the anterior cingulate cortex. Component B 
(fronto-parietal network, r=0.13) comprised the dorsal anterior cingulate cortex 
extending to the motor cortex, the superior frontal gyrus, the middle frontal gyrus 
and the bilateral insula. Component C (anterior default mode network (DMN), r=0.09) 
revealed a pattern of medial superior frontal and middle frontal regions, the medial 
orbitofrontal gyrus, the anterior and posterior cingulate cortex and the thalamus. 
Component D (posterior default mode network, r=0.10) included the posterior and 
middle cingulate gyrus, the precuneus and the cuneus, the angular gyrus, the middle 
occipital gyrus, the medial orbitofrontal cortex, the superior temporal gyrus and 
the thalamus. Component E (sensorimotor medial, r=0.11) contained the precentral 
and postcentral gyrus, the supplementary motor area, the   supramarginal gyrus 
and the inferior and superior parietal lobule. Component F (sensorimotor lateral, 
r=0.20) included the postcentral gyrus, the paracentral lobule, the precuneus and the 
supplementary motor area. Component G (visual network, r=0.11) comprised middle 
occipital and superior occipital regions, the cuneus, the calcarine gyrus and the lingual 
gyrus.

Component A (visual network, r=x) comprised inferior, middle and superior occipital 
regions, the cuneus, the calcarine gyrus and the lingual. Component B ( dorsal 
attention network, r=x) postcentral, precentral, superior parietal, inferior parietal, 
supplementary motor area,  middle cingulate gyrus, frontal medial orbital gyrus. 
Component C (dorsal attention network, r=x) inferior frontal gyrus, fusiform, middle 
temporal gyrus, middle occipital gyrus. Component D (cerebellum, r=x) .. Component 
E (anterior default mode network, r=x) 
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aBSTraCT

A body of evidence has revealed positive effects of physical exercise on behavioral, 
cognitive and physical outcomes in patients with schizophrenia. Notably, the effect of 
exercise at the neural level may be particularly relevant as well, as it is hypothesized 
that exercise may stimulate the brain in a way that might normalize neural alterations 
related to the disorder. The aim of the current systematic review was to provide an up to 
date overview of studies investigating the neural effects of exercise in individuals with 
a schizophrenia spectrum disorder and healthy individuals. The majority of included 
studies focused on hippocampal effects, reporting beneficial effects of exercise. In 
addition, in schizophrenia increased extrastriate body area (EBA) activation and 
increased white matter fiber integrity in tracts relevant to the disorder were found 
and in healthy individuals decreased connectivity of the dorsolateral prefrontal cortex 
(DLPFC) indicating greater cognitive efficiency was reported. Comparing individuals 
with a schizophrenia spectrum disorder and healthy individuals within a similar age 
range, most studies found similar effects on hippocampal volume and white matter 
tracts for both groups, although the effect in schizophrenia spectrum disorders 
may be attenuated which is in line with previous literature on brain plasticity. The 
current review indicates a lack of studies investigating neural correlates other than 
the hippocampus. Although those studies that did focus on other neural correlates 
revealed promising results, these have not been replicated in other studies and call for 
replication. Furthermore, future studies should expand their focus, by investigating 
neural mechanisms underlying positive effects of physical exercise on positive 
symptoms, negative symptoms and symptoms such as depression, social withdrawal 
and social cognition.
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inTroDuCTion

Schizophrenia is a mental disorder that has a considerable impact on patients and their 
environment (Rössler et al., 2005), because of the disruption of thought, emotion and 
behavior. The clinical presentation of schizophrenia is characterized by hallucinations 
and delusions, negative symptoms (e.g. anhedonia, avolition and alogia) and cognitive 
impairments (van Os & Kapur, 2009). These symptoms have been associated with 
neural alterations such as changes in volume and functioning of various brain areas 
(Ross et al., 2006). Studies have consistently demonstrated significant declines in 
whole brain volume, whole brain gray matter, and frontal lobe volume over time, as 
well as increases in lateral ventricular volume compared with healthy control subjects 
(Olabi et al., 2011). With regard to brain function, abnormalities in the prefrontal (both 
dorsolateral and ventrolateral) cortex and anterior cingulate cortex, the basal ganglia, 
hippocampus, thalamus, striatum, amygdala and cerebellum have been shown (Fusar-
Poli et al., 2007).

Despite comprehensive and evidence-based treatment guidelines, not all patients 
benefit from standard care (Andrews et al. 2003; Chakos et al. 2001; Dixon & Perkins, 
2010) and standard care (e.g. medication, cognitive behavioural therapy and psycho-
education) may be insufficient to address all symptoms associated with a schizophrenia 
spectrum disorder. While anti-psychotic medication is effective for the treatment 
of psychotic symptoms (Leucht et al., 2014), it is less effective for the treatment of 
negative symptoms and cognitive deficits (Fusar-poli et al., 2015; Nielsen et al., 2015). 
Unfortunately, these deficits constitute major determinants of poor functioning 
and disability (Barch & Keefe, 2010). Adjunctive psychosocial interventions are 
recommended to complement medication. However, in general, psychological and 
psychosocial treatments show small to moderate effectsI on negative symptoms 
(Lutgens, Gariepy, & Malla, 2017). The most robust findings have been found for social 
skills training, which might be explained by the activating element in such interventions 
(Elis, Caponigro, & Kring, 2013). Although cognitive behavioral therapy may have a 
moderate effect on negative symptoms, findings differ across studies and studies are 
too heterogeneous to allow for definite conclusions (Aleman et al., 2016). With regard 
to cognitive deficits, cognitive remediation is a recommended intervention (Wykes et 
al., 2011). Another difficulty in the treatment of schizophrenia spectrum disorders 
concerns the fact that the use of anti-psychotic medication, but also the disorder in 
itself, are associated with metabolic symptoms (Mitchell et al., 2013), such as type 
two diabetes (Stubbs et al., 2015) and cardiovascular disease (Gardner-Sood et al., 
2015). To address the issues outlined above (e.g. negative symptoms, cognitive deficits 
and physical problems) physical exercise is likely to be a suitable complementary 
intervention in the treatment of schizophrenia spectrum disorders (Vancampfort et 
al., 2012; Vera-Garcia et al., 2015).

Earlier systematic reviews indicated that moderate to vigorous exercise reduces 
both positive and negative symptoms in schizophrenia (Dauwan et al., 2016; Firth et 
al., 2015). Furthermore, it has been shown that exercise interventions may improve 
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cardiometabolic risk factors such as low physical fitness (Vancampfort et al., 2017); 
they may ameliorate symptoms such as depression and social withdrawal; and 
exercise interventions significantly improve functioning and low self-esteem (Firth 
et al., 2015). In addition, there is a growing body of literature that demonstrates the 
effect of exercise on neurocognition, including social cognition,  working memory and 
attention (Firth et al., 2017).  

Although studies have consistently revealed positive effects of physical exercise on 
behavioral, cognitive and physical outcomes in schizophrenia spectrum disorders, 
the effect at the neural level remains to be more thoroughly elucidated. Unraveling 
the effect of physical exercise at the neural level may be particularly relevant as it 
is hypothesized that physical exercise may stimulate the brain in a way that might 
normalize neural alterations related to the disorder (Kandola et al., 2016; Ross et al., 
2006; Scheewe et al., 2013). Along with other factors, physical inactivity may explain 
brain alterations associated with schizophrenia spectrum disorders (Lindamer et al., 
2009). Indeed, people with schizophrenia often have a sedentary life style, engaging 
in less moderate and vigorous physical activity compared to the general population 
(Stubbs et al., 2016). Changing this sedentary life style by exercise interventions may 
ameliorate brain abnormalities in schizophrenia (Kandola et al., 2016; Scheewe et al., 
2013). A meta-analysis on the effect of exercise on hippocampal volume in healthy 
individuals showed that aerobic exercise interventions indeed may be useful for 
preventing age-related hippocampal deterioration in the general population (Firth et 
al., 2018). However, the effect of exercise interventions on hippocampal activation and 
connectivity, and neural correlates other than the hippocampus in healthy individuals 
has not been comprehensively reviewed yet. A recent review on schizophrenia 
samples expanded their view to the whole brain, however, specifically focusing on 
neurobiological mechanisms through which exercise may reduce cognitive deficits. 
Most importantly, a direct comparison of the neural effect in individuals with 
schizophrenia spectrum disorders and healthy individuals is currently lacking.

This systematic review investigates the neural effect of physical exercise interventions 
at a whole brain level in both patients with a schizophrenia spectrum disorder and 
healthy individuals. By comparing patients with healthy individuals within a similar age 
range we aim to distinguish neural effects specific to individuals with a schizophrenia 
spectrum disorder. Expanding the focus to the whole brain allows to reveal differential 
pathways in which the brain might be ameliorated. In addition, by means of a broad 
overview we aim to reveal gaps in the literature to guide future research. 

mEThoDS

To ensure high quality reporting, PRISMA guidelines for systematic reviews were 
followed (Shamseer et al., 2015).
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Systematic search

Two systematic database searches in Pubmed, Embase, Psychinfo and Web of Science 
were conducted in June 2016 (EvdS and ANH) and updated in October 2017 (EvdS). The 
first search string included suitable indexing terms (i.e. MeSH terms and keywords) 
regarding schizophrenia spectrum disorders (e.g. psychosis, psychotic disorder) and 
the second search string included terms regarding healthy individuals (e.g. volunteers, 
nonclinical). In addition, both search strings included specific indexing terms 
regarding: i) exercise (e.g. physical activity, endurance training, aerobic training) and 
ii) neuroimaging (e.g. brain, MRI). (See Appendix for search strings). We checked the 
reference lists of all included studies for additional publications. 

Selection of studies

Two reviewers (EvdS and ANH) independently screened the title and abstract of all 
citations identified by the searches. Subsequently, the full texts of all potentially eligible 
articles were assessed for final selection by the same two reviewers independently. 
Disagreements were resolved by means of discussion. 

 Studies were included if (a) conducted in a sample of individuals with a schizophrenia 
spectrum disorder and/or healthy individuals (b) the sample of participants had a 
mean age < 65, (c) exercise was the key element of the investigated intervention (e.g. 
walking, cycling), (d) the study had a longitudinal design, (in case of randomized 
controlled trials, any control intervention with a similar duration or standard care 
was allowed as control interventions) and (e) a neuroimaging method (such as MRI, 
PET, CT or SPECT) was used. Furthermore, only articles published in English in a peer-
reviewed journal were included. Reasons for exclusion were recorded, and duplicate 
articles were identified. Details regarding the selection procedure were recorded to 
complete a Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) flow diagram (Liberati et al., 2009).

Data extraction 

Two reviewers (EvdS and ANH) independently extracted data using a predetermined 
form. The following data were extracted: 
(a) Participant characteristics (number of participants, mean age, gender, and for the 
patient samples: diagnosis, PANSS scores)
(b) Study characteristics (design, control condition)
(c) Exercise protocol characteristics (type of exercise, frequency, duration)
(d) Neuroimaging characteristics (technique, scanner, field of view, outcome)
(e) Functional outcomes
Separate studies using the same data were included if other neural correlates were 
investigated or if other neuroimaging techniques were used.  
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Visualization

To visualize the results (Fig. 1) of included studies we entered MNI coordinates in 
BrainNet Viewer (Xia et al., 2013, http://www.nitric.org/projects/bnv/). In studies 
that reported Talairach coordinates, these were converted to MNI space. For studies 
that performed a ROI analysis based on the AAL atlas, we used the center coordinates 
of the ROI according to the atlas. Of note, unweighted results were used. Structural 
MRI as well as task and resting state fMRI studies, and DTI studies are included in this 
figure. With regard to functional connectivity studies, MNI coordinates of seed regions 
and of connected brain areas were used.

rESulTS

Search results

The results of the search strategies are presented in two PRISMA flow charts (Figures 
2 and 3). 

Participants in the included studies

Schizophrenia. In the studies including patients with a schizophrenia spectrum 

figure 1. Visual representation of implicated neural correlates of exercise as a summary of empirical 
findings. Blue – Schizophrenia spectrum disorders, Red – Healthy
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6disorder, the number of participants ranged from 5 to 50 in each study, providing an 
overall number of 168 unique patients, of whom 81 were women. One study included 
female participants only (Lin et al., 2015), whereas two other studies only included 
men (Falkai et al., 2013; Pajonk et al., 2010; Rosenbaum et al., 2015). All participants 
had a DSM-IV or ICD-10 diagnosis of schizophrenia, schizoaffective disorder or 
schizophreniform disorder. The mean total PANSS score ranged between 31.8 and 
68.1 across studies. Although most studies included relatively young participants, 
only one study used a first episode psychosis (FEP) sample with illness duration less 
than three years. 

healthy individuals. In the four studies that were selected during the systematic 
search focused on healthy individuals, 145 participants were included. Another 
56 healthy participants were included in three of the selected studies reporting on 
individuals with a schizophrenia spectrum disorder. This resulted in a total of 201 
healthy individuals (91 female), participating in the studies included in the review. 
One study only included male participants (Wagner et al., 2015). For more details of 
participants’ demographic characteristics, see Table 1.
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figure 2. PRISMA flow diagram of the literature search regarding schizophrenia.
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figure 2. PRISMA flow diagram of the literature search regarding healthy individuals.

interventions in the included studies

Schizophrenia. All interventions in studies focussing on schizophrenia spectrum 
disorders consisted of aerobic exercise such as cycling, jogging or rowing; in addition, 
two interventions also included muscle stretching (Takahashi et al., 2012)  and muscle 
strength exercises (Scheewe et al., 2013; Svatkova et al., 2015). 

healthy individuals. Three of the studies investigating the effect of interventions 
for this group included aerobic exercise such as cycling or jogging and minor muscle 
stretching. One study used two kinds of martial arts interventions, respectively Tai Chi 
Chuan exercises and Badunjin exercises (Tao et al., 2016). Details of the interventions 
such as duration and frequency are presented in Table 2. 
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 BEATVIC Befriending Test statistic 
N 14 13  
Age, mean (SD) 32.4 (10.0) 36.4 (11.5) t(26)= .78, p=.37 
Gender, N(%) male 9 (64.3) 10 (76.9) X2(1)=.52, p= .47 
Occupational status, N(%)   p= 1.00 
     Job 4 (28.6) 3 (23.1)  
     Voluntary work 2 (14.3) 2 (15.4)  
     Unemployed 8 (57.1) 8 (61.5)  
Living situation, N(%)    
     Alone 7 (50) 8 (61.5) p=.92 
     Partner 1 (7.2) 1 (7.7)  
     Family/parents 4 (28.6) 2 (15.4)  
     Supported housing 2 (14.3) 2 (15.4)  
Age of onset, mean(SD)  19.1 (6.2) 21.5 (8.3) t(26)=-.85, p=.26 
Number of psychotic episodes, 
mean(SD)  

3.8 (3.9) 4.3 (3.8) t(26)=-.35, p=.61 

Number of admissions, mean (SD) 1.5 (1.4) 1.5 (1.5) t(26)=-.07, p=.86 
PANSS score, mean(SD)    
     Total 48.9 (7.9) 50.0 (9.2) u=81.5, p=.64 
     Positive 12.6 (3.7) 12.7 (3.5) u= 89, p=.92 
     Negative 10.6 (2.6) 11.4 (3.0) u=80.5, p= .61 
     General 25.7 (4.3) 25.9 (5.5) u=91, p=1.0 
BNSS total score 13.5 (8.1) 14.8 (7.3) u= 80, p=.59 
PANSS depression item 2.5 (1.6) 2.9 (1.4) u= 76, p= .45 
PANSS paranoia item 2.8 (2.8) 2.2 (1.1) u= 87.5, p=.86 
Antipsychotic medication, N(%)   p=.60* 
     Risperidone 2 (14.3) 3 (23.1)  
     Olanzapine 2 (14.3) 2 (15.4)  
     Clozapine 3 (21.4) 3 (23.1)  
     Aripiprazole 3 (21.4) 2 (15.4)  
     Quetiapine 2 (14.3) 1 (7.7)  
     Haloperidol  2 (14.3) 1 (7.7)  
     Paliperidone  2 (15.4)  
     Penfluridole  1 (7.7)  
     None 3 (21.4) 1 (7.7)  
Antidepressant medication, N(%)   p= .13* 
     Citalopram 1 (7.2) 4 (30.8)  
     Venlafaxine 2 (14.3) 1 (7.7)  
     Amitriptyline       1 (7.2)   
     Norpriptyline  1 (7.7)  
     Lithium 2 (14.3) 1 (7.7)  
     Clomipramine    
    Mirtazapine  2 (15.4)  
    None 10 (71.4) 5 (38.5)  
 

Table 1. Demographic characteristics of participants in included studies

*Lin et al. (2015) and Lin et al. (2017) reported Mean age, Ilness duration and Mean PANSS score of the 
whole group of participants, not for the specific sample which could be included per MRI-analysis.
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Neural correlates and functional outcomes of exercise

Schizophrenia spectrum disorders

Structural mri/Voxel-Based morphometry. Six articles reported on the effect of 
exercise on brain structure in schizophrenia spectrum disorders (Falkai et al., 2013; 
Lin et al., 2015; Malchow et al., 2015; Pajonk et al., 2010; Rosenbaum et al., 2015; 
Scheewe et al., 2013), of which five included the hippocampus as a specific region of 
interest (ROI) in the analysis. Two of these reported a significant effect of exercise on 
hippocampal grey matter volume (Lin et al., 2015; Pajonk et al., 2010). Pajonk et al. 
(2010) showed mean hippocampal volume increases of 12% in the exercise group 
compared to a volume decrease of 1% in the table football control condition. Short-
term memory (F1,14 = 4.95; P = .04) and PANSS total symptoms  (F1,14 = 6.76; P 
= .02) improved after exercise. The change in hippocampal volume in individuals 
with schizophrenia correlated with changes in short term memory but not with total 
PANSS score. For the exercise group as a whole, hippocampal volume was correlated 
with improvements in aerobic fitness measured by change in maximum oxygen 
consumption. Results showed an increased hippocampal volume of 16% following 
exercise in healthy individuals. The study did not include a healthy control group 
to compare to the exercise group. Lin et al. (2015) revealed hippocampal volume 
increases in the aerobic exercise group compared with the waitlist control group. The 
yoga group, however, did not show significant changes in hippocampal volume. Both 
yoga and exercise improved working memory and overall and depressive symptoms 
and a trend towards improved fitness in terms of VO2 max/kg.

In contrast, three other studies that included the hippocampus as a ROI reported no 
significant effect of exercise training (Malchow et al., 2015; Rosenbaum et al., 2015; 
Scheewe et al., 2013). The first mentioned study was a very small pilot study with a 
sample of five young FEP patients (Rosenbaum et al., 2015). The hippocampus was 
not affected by exercise. Also, no changes were observed in symptoms and in short-
term verbal or spatial memory. However, a significant 20.1% mean increase in VO2 
peak was found. Secondly, Scheewe et al. (2013) looked at the whole brain in addition 
to the hippocampus and revealed no effect of exercise compared to occupational 
therapy and life as usual on global brain volume, hippocampal volume and cortical 
thickness in both patients and healthy controls. Nevertheless, overall improvement 
in cardiorespiratory fitness in only participants with schizophrenia was associated 
with an increase in total cerebral matter volume and attenuated increase in lateral and 
third ventricle volumes. In addition, interaction effects between CRF improvement 
and group were found and this improvement in fitness was associated with cortical 
thickening in the left hemisphere in patients with schizophrenia as well as in healthy 
controls. Finally, Malchow et al. (2015) also found no increases in hippocampal 
structures in both participants with schizophrenia and healthy controls. However, the 
table soccer control group showed decreased hippocampal volume over time, which 
implies a potential protective effect of exercise. Additional VBM analyses comparing 
the effect of exercise with table soccer did reveal an increased volume of the left 
superior, middle and inferior anterior temporal gyri in patients. Participants from 
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the table soccer control group showed increased motor cortex volumes and anterior 
cingulate cortex (ACC) volumes. After three months of endurance training, both the 
schizophrenia group and healthy control group showed a significant improvement in 
Physical Working Capacity 130 (PWC130) which is a measure of endurance.

One study investigating the effect on brain structure investigated whole brain gray 
matter density and brain surface expansion (Falkai et al., 2013) as a follow-up on the 
article of Pajonk et al. (2010). MRI-based cortical pattern matching methods were 
used on that same dataset to investigate whether exercise training also affects more 
cortical regions in addition to the subcortical hippocampus found by Pajonk et al. 
(2010). In contrast to their hypothesis, no significant changes in gray matter density 
and brain surface expansion were found in participants with schizophrenia. Also no 
time x group effects were found for fitness measures. However, patients improved 
in short-term memory and PANSS total symptoms after exercise. Despite equivalent 
sample size, healthy controls did show a significant increase in gray matter density in 
the right frontal and occipital pole regions following exercise training. 

Diffusion Tensor imaging. In one article diffusion tensor imaging (DTI) analyses 
were performed, which is used to investigate white matter tractography within the 
whole brain. Using data drawn from the same study (‘The outcome of psychosis 
and fitness therapy’, TOPFIT study) as Scheewe et al. (2013), Svatkova et al. (2015) 
reported increases of  white matter fiber tracts that are related to motor functioning in 
both participants with schizophrenia and healthy controls. More specifically, exercise 
improved white matter integrity in fiber tracts in the left corticospinal tract (LCST), the 
left superior longitudinal fascicle (LSLF), the left inferior longitudinal fascicle (LILF), 
the left inferior fronto-occipital fascicle (LIFOF), left anterior thalamic radiation (ATR) 
and in the body and splenium of the corpus callosum (CC). Significant differences in 
cardiorespiratory fitness measures (Wpeak and VO2peak) were found for the exercise 
group compared to the non-exercise group. The maximal oxygen uptake (VO2peak) 
was correlated with changes in overall fiber density. In patients, a decrease in 
positive symptoms over time significantly correlated with fractional anisotropy (FA) 
improvement over time.

functional mri. One study used task (t)fMRI to investigate changes in brain response 
to sports observation after a three-month sports program (Takahashi et al., 2012). 
Whole brain analyses revealed that in the exercise group, activation of the body-
selective extrastriate body area (EBA) in the posterior temporal-occipital cortex 
increased during observation of sports-related video-clips. Furthermore, BMI and the 
general psychopathology scale of PANSS were significantly reduced in the exercise 
group, but not in the control group. The increase in EBA activation was associated 
with improvement in the general psychopathology scale of PANSS. 

Finally, as a follow-up of Lin et al. (2015), in Lin et al. (2017) resting state (rs) fMRI 
data was used to investigate local spontaneous neuronal fluctuations at rest, measured 
by the amplitude of low-frequency fluctuations (ALFF) (Zou et al., 2008). Analyses 
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showed decreased ALFF in the precuneus in the yoga group compared to the wait-
list control goup (p < 0.001) and aerobic exercise groups (p < 0.001) and increased 
ALFF in the visual cortex (p = 0.0018) in the wait-list control group. In the yoga group, 
the ALFF changes in the precuneus were significantly correlated with the changes of 
PANSS negative scores (r=0.5906, p=0.003), especially with blunted affect subscores 
(r= 0.551, p = 0.012).

healthy individuals 

functional mri. Three studies used rsfMRI to investigate the effect of exercise on 
brain connectivity (Tao et al., 2016, Tao et al., 2017; Tozzi et al., 2016). Tozzi et al. 
(2016) performed graph metrics analysis using a network of 90 ROIs, which revealed 
a decrease in local efficiency in the right parahippocampal gyrus in the exercise group 
(Tozzi et al., 2016). Next, this structure was used as a specific seed in network-based 
analysis (NBA). Results revealed an increased functional connectivity between the 
right parahippocampal gyrus and the left supramarginal gyrus, the left precentral 
area, the left superior temporal gyrus and the right superior temporal pole. The 
connectivity between the parahippocampal gyrus and superior temporal gyrus were 
correlated with changes in mood disturbance following exercise. No changes in mood 
disturbance were found in the control group. 

Comparing a Tai Chi Chuan exercise group to a control group, Tao et al. (2016) found 
increased functional connectivity between the bilateral hippocampus and the right 
mPFC and left mPFC by means of a seed-based analysis with the hippocampus as a 
seed. Similar results were found in the Baduanjin exercise group compared to the 
control group, although at a lower threshold. With regard to cognitive outcomes, the 
memory quotient measured by the Wechsler Memory Scale significantly increased 
after Tai Chi Chuan and Baduanjin practice compared with the control group. No 
significant difference was observed between the Tai Chi Chuan and Baduanjin groups. 
Using the same data-set, Tao et al. (2017) additionally investigated whether the 
martial arts interventions can modulate mental control function and the resting 
state functional connectivity (rsFC) of the cognitive control network. Compared 
to the control group, both Tai Chi Chuan and Baduanjin groups showed significant 
improvements in mental control function. Seed-based (DLPFC as a seed) rsFC analyses 
revealed that in the Tai Chi Chuan group rsFC between the DLPFC and the left superior 
frontal gyrus (SFG) and anterior cingulate cortex was decreased. The Baduanjin group 
showed a significant decrease in rsFC between the DLPFC and the left putamen and 
insula. 

In one article, task (t)fMRI was used: Wagner et al. (2017) performed ROI (bilateral 
hippocampus) and whole brain fMRI analyses on the data-set of Wagner et al. (2015) by 
means of a recognition memory task. The task consisted of the presentation of paired 
pictures and words, of which specific pairs had to be learned before scanning. Although 
there were no differences in the amount of correct answers between both groups, 
the exercise group showed increased activation in the left anterior hippocampus in 
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the familiarity condition. Changes in exercise-induced BDNF were correlated with left 
anterior hippocampal activation. At the whole brain level, the exercise group showed 
increased activation in motor areas, supplementary motor areas and in the right 
superior temporal gyrus in both task conditions.

Cerebral Blood Volume. Pereira et al. (2007) created cerebral blood volume (CBV) 
maps in the hippocampal formation of healthy individuals. A comparison of pre- 
and post-neuroimaging data after a three month exercise program showed that 
exercise had an effect on dendate gyrus CBV, a hippocampal subregion that supports 
adult neurogenesis. These CBV changes were found to selectively correlate with 
cardiorespiratory (VO2max) and cognitive function (modified Rey Auditory Verbal 
Learning Test). 

Structural mri/Voxel-Based morphometry. One of the included studies, which 
focused on the hippocampus as a ROI, unexpectedly found a volume decrease (2%) 
of the right hippocampal subfields CA2/3, the subiculum, and the dentate gyrus 
(Wagner et al., 2015). Additional VBM analysis narrowed the specific location to the 
anterior part of the right hippocampus. Hippocampal volume decrease was negatively 
correlated with fitness improvements and increased BDNF levels. This indicates 
that participants that benefited from the exercise training showed less hippocampal 
volume decrease and increased BDNF levels. 

DiSCuSSion

hippocampal effects

In the studies on both people with a schizophrenia spectrum disorder and healthy 
individuals the hippocampus was the most studied region in relationship to physical 
exercise. Three studies from the schizophrenia spectrum disorder search (Lin et al., 
2015; Malchow et al., 2015; Pajonk et al., 2010) and four studies resulting from the 
healthy individuals search (Pereira et al., 2007; Tao et al., 2016; Tozzi et al., 2016; 
Wagner et al., 2017) reported beneficial effects of exercise on the brain. Pajonk et al. 
(2010) and Lin et al (2015) revealed hippocampal volume increase in the exercise 
group. In Pajonk’s study (2010) these effects were correlated with short-term memory 
and with improvements in aerobic fitness. Lin et al. (2015) also found improved 
working memory, improved overall and depressive symptoms and a trend towards 
improved fitness in terms of VO2 max/kg but did not test for correlations. Although 
Malchow et al. (2015) found no hippocampal volume changes in participants with 
schizophrenia and healthy individuals following an exercise program, participants 
with schizophrenia in the table soccer control group showed decreased left 
hippocampus volume. This indicates that physical exercise could have a protective 
effect on hippocampal volume decline over time which is in line with research which 
revealed that aerobic exercise successfully counteracts deteriorating hippocampal 
function caused by aging (Firth et al., 2017) and Alzheimer’s disease (Intlekofer & 
Cotman, 2013). The positive effect of exercise on neurotrophic factors such as BDNF 
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and insulin-like growth factor-1 (IGF-1) could mediate, in part, beneficial effects on 
brain structure (McMorris, 2016). With regard to healthy individuals, Pereira et al., 
(2007) found a primary effect on dentate gyrus CBV, Wagner et al. (2017) showed 
increased activation in the left anterior hippocampus in response to a recognition 
memory task, Tao et al., (2016) reported increased functional connectivity between 
the hippocampus and mPFC and Tozzi et al., (2016) showed increased functional 
connectivity between the right parahippocampal gyrus and the left supramarginal 
gyrus, the left precentral area, the left superior temporal gyrus and the right superior 
temporal pole. Similar findings of beneficial effects of exercise on the hippocampus 
have been reported previously in animal studies (van Praag, 2008), in patients with 
Alzheimer’s disease (Erickson et al., 2012) and in elderly (Erickson, 2013).

However, regardless of the robust evidence from studies in animals and other 
participant groups, results of the included studies that focused on the hippocampus 
were inconsistent. Two studies from the schizophrenia spectrum disorder search 
(Rosenbaum et al., 2015; Scheewe et al., 2013) and one study from the healthy 
individuals search (Wagner et al., 2015) reported no effect on hippocampal structure. 
The inconsistencies of results across studies investigating the hippocampus might be 
explained by different segmentation techniques, sample characteristics, and frequency, 
intensity and duration of exercise protocols. Scheewe et al. (2013) and Rosenbaum et 
al. (2015) used an automated method of measuring hippocampal volume as opposed 
to manual segmentation which may have a lower reliability compared to manual 
segmentation of hippocampal volumes (Morey et al., 2008), as used by Pajonk et al. 
(2010). With regard to sample characteristics, Rosenbaum et al. (2015) included five 
relative young (mean age: 20.2) participants who were experiencing a first episode of 
psychosis (FEP) and the duration of illness (<3 years) may have played a role in the 
results. Similarly, Wagner et al., (2015) used a male university student sample with 
a mean age of 25. Several studies have demonstrated that the associations between 
fitness, physical activity and gray matter volume are mediated by age (Bugg & Head, 
2012; Colcombe et al., 2003). The effects of fitness and physical activity on prefrontal 
and hippocampal volume are larger at older ages ( Erickson et al., 2012). Erickson et 
al. (2014) suggested that there might be certain age periods, characterized by losses 
in gray matter volume, during which the brain is more susceptible to physical activity-
induced changes. In turn, young adulthood is characterized by a relatively stable brain 
structure, which may be less responsive to physical exercise. However, during the 
first years of illness onset, age acceleration of the brain is more predominant than in 
later stages and brain plasticity might be the largest (Schnack et al., 2016), so the null 
finding in the study of Rosenbaum et al (2015) might mostly be accounted for by the 
low power (n=5). Differences in findings may also have resulted from differences in 
the frequency and intensity of exercise and the duration of interventions . Rosenbaum 
et al. (2015) and Scheewe et al. (2013) used an exercise frequency of roughly two 
times a week, while studies that implemented a frequency of at least three times 
a week showed more or less positive effects (Lin et al., 2015; Pajonk et al., 2010; 
Takahashi et al., 2012). In addition, while the studies that found a positive effect 
implemented an intervention period of twelve (Pereira et al., 2007; Tao et al., 2016) 
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to sixteen weeks (Tozzi et al., 2016), Wagner et al. (2015) used an intervention of six 
weeks. These findings suggest a dose-response relationship between physical activity 
and neural changes in both individuals with a schizophrenia spectrum disorder and 
healthy individuals. Accordingly, Tozzi et al. (2016) have demonstrated that their 
neuroimaging findings were correlated with the number of exercise sessions that each 
individual participant attended. 

other outcomes

Three studies reported on the structure of brain areas other than the hippocampus. 
First of all, VBM analyses revealed increased volume of the left superior, middle and 
inferior anterior temporal gyri following exercise in participants with schizophrenia 
(Malchow et al., 2015). The left temporal lobe is considered an important area for 
the pathophysiology of schizophrenia and grey matter volume in this region is 
decreased already in early stages of the disorder and in people at risk (Cooper et al., 
2014; Honea et al., 2000). In addition, Scheewe et al. (2013) found that regardless 
of exercise group, improvement in cardiorespiratory fitness was associated with an 
increase in total cerebral matter volume and attenuated increase in lateral and third 
ventricle volumes in patients with schizophrenia. Moreover, cardiorespiratory fitness 
was associated with cortical thickening in the left hemisphere in both patients and 
healthy controls. In contrast, Falkai et al. (2013) revealed no exercise-induced changes 
in the cortical areas in individuals with schizophrenia. This inconsistency might be 
explained by a small sample size (n=8 per group) compared to the sample sizes of 
Malchow et al. (2015) (nmean=20 per group) and Scheewe et al. (2013) (nmean=21 
per group). However, despite an equivalent sample size, the healthy control group 
showed significantly increased gray matter densities in the right frontal and occipital 
cortex in response to exercise suggesting that exercise effects on cortical gray matter 
may be attenuated in chronic schizophrenia (Falkai et al., 2013).

In line with articles that demonstrated positive effects of exercise on hippocampal 
volume, activation and connectivity, and brain structure in other areas, Svatkova et 
al. (2015) showed that exercise also affects white matter integrity in fiber tracts. 
This effect was found especially in those tracts that have been shown to be altered in 
schizophrenia (Kubicki et al., 2009) which again implies that exercise can ameliorate 
abnormalities in schizophrenia. Another study found positive effects of exercise on 
brain activation by means of task fMRI. Takahashi et al. (2012) demonstrated that 
exercise has a positive effect on activation of the body-selective extrastriate body area 
(EBA) during observation of sports-related video-clips. Previous studies have shown 
that the EBA is involved in planning, execution, rehearsal and imagination of actions 
as part of the mirror neuron system (MNS) which is implicated in understanding 
actions and inferring the intention of others (Amoruso, 2011; Jackson et al., 2008). In 
addition, the EBA is implicated in the motivation and preparation of actions (Kühn et 
al., 2011) which may have important clinical implications for schizophrenia. A resting 
state fMRI study reported positive effects of a yoga intervention which consisted 
mostly of body postures (40-45 minutes per session) that were designed to cover all 
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body parts to give the body overall strength and flexibility and thus can be seen as a 
muscle strength- or resilience training rather than aerobic exercise. Results revealed 
yoga-related ALFF changes in the precuneus, which was positively correlated with the 
changes of PANSS blunted affect subscores. As the precuneus is involved in intrinsic 
activity and self-consciousness during rest (Fransson & Marrelec, 2008), these 
findings may indicate a potential benefit of yoga for attention and self-disturbance 
of individuals with psychosis. Although no ALFF changes related to aerobic exercise 
were found, the study did provide support for a yoga intervention focused on strength 
and flexibility of the body. Lastly, Tao et al. (2017) revealed a decrease in rsFC between 
the DLPFC and the left superior frontal gyrus (SFG) and anterior cingulate cortex and 
the DLPFC and the left putamen and insula following exercise in healthy individuals.  
As increased activity within the CCN might be related to compensatory mechanisms 
rather than indexing a healthy state, findings of decreased connectivity of the DLPFC 
within the CCN can be interpreted as a marker for greater cognitive efficiency. Thus, 
findings demonstrate the potential of Tai Chi Chuan and Baduanjin exercises in 
preventing cognitive decline.

Comparison of effect in schizophrenia spectrum disorder and in healthy 
individuals

Most studies that included individuals with a schizophrenia spectrum disorder as 
well as healthy individuals found effects in the same direction for both groups on the 
primary imaging outcome (Malchow et al., 2015; Pajonk et al., 2010; Scheewe et al., 
2013; Svatkova et al., 2015). However, Pajonk et al. (2010) found similar results of 
hippocampal volume increase for both groups but in schizophrenia to a lesser extent 
(12% compared to 16%). Accordingly, Falkai et al. (2013) found an effect on gray 
matter density in healthy individuals but no changes in individuals with schizophrenia 
indicating that neuroplasticity may be attenuated in schizophrenia. This possible 
attenuated neuroplastic response to exercise is in line with findings of reduced 
neurogenesis (Reif et al., 2006a) and disturbances in synaptic plasticity (Schmitt et al., 
2015) in schizophrenia. Five of six studies investigating the effect of exercise in only 
healthy individuals showed effects of exercise. In contrast, only five of eight articles 
reporting on individuals with schizophrenia found beneficial effects. However, these 
studies cannot be compared directly because in general studies on healthy individuals 
have included older participants and have used more intense exercise programs. 
Moreover, studies also suggested other variables to be of importance. In addition to 
age of the participants, frequency and duration of exercise programs and medication, 
interneuron architecture and genetic factors play an important role in brain plasticity. 
Papiol et al., (2017) suggest that polygenic risk has an impact on the structural 
plasticity of hippocampal subfields following aerobic exercise in schizophrenia.

limitations and suggestions for future research

A number of important limitations need to be considered. First, as already emphasized, 
the included studies are heterogeneous with regard to intervention characteristics 
(frequency, intensity, duration), participant characteristics (in/out-patients, illness 
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duration, symptom severity, age), control groups, neuroimaging techniques and 
outcomes, which may limit the interpretation of the results. This variety precluded 
a formal meta-analysis. Consensus on optimal intervention characteristics and close 
monitoring of adherence and intensity is needed in future physical activity research 
in order to compare results across studies. An average weekly exercise frequency of 
at least 2 times a week and a duration of at least 12 weeks might be the minimum 
(Scheewe et al., 2013; Vancampfort et al., 2014). With regard to control groups, it is 
recommended to use a control condition in which participants receive at least the 
same amount of attention and face-to-face interaction to exclude any Hawthorne 
effect. Secondly, in addition to inconsistencies across study characteristics, genetic 
factors may play a role in inconsistencies across findings thus far. Future studies 
should investigate whether hippocampal changes following exercise are mediated 
by polygenic risk scores (Papiol et al., 2017). Thirdly, as an association between 
cardiorespiratory fitness and neural effects have been demonstrated in many of the 
included studies (Lin et al., 2015; Pajonk et al., 2010; Pereira et al., 2007; Scheewe 
et al., 2013) indicating that cardiorespiratory fitness improvement may be a 
requirement for positive neural effects, implementation of a standardized measure 
of aerobic fitness is recommended in future studies. If aerobic fitness is a marker for 
beneficial neural effects, this may have important clinical implications. In addition, a 
standardized measure could provide valuable feedback to patients in case of achieving 
success in changes in cardiorespiratory fitness, as many of them gain weight following 
treatment (Vancampfort et al., 2015). Finally, some of the included studies used small 
samples, future studies should include at least twenty participants per group to allow 
for enough power (Thirion et al., 2007). 

Most importantly, nearly all of the studies focused on hippocampal volume. There seems 
to be a lack of studies investigating other neural correlates. However, those studies 
that did focus on other brain areas or white matter integrity, did reveal interesting and 
potentially important positive results of exercise on the brain. For example, Svatkova 
et al. (2015) revealed improved white matter integrity in motor areas and Takahashi et 
al. (2012) found increased brain activation in the EBA in individuals with a psychotic 
disorder. Studies with healthy individuals found decreased connectivity between the 
DLPFC and other brain areas and increased activation in motor areas and the superior 
temporal gyrus. As these respective studies report promising results, these have not 
been replicated in other studies and call for replication.  

Furthermore, as previous research has revealed positive effects of physical exercise 
on positive symptoms, negative symptoms and symptoms such as depression, 
social withdrawal and social cognition (Firth et al., 2015; Kimhy et al., 2016) it 
might be interesting to investigate neural mechanisms underlying these behavioral 
improvements in addition to focusing on the hippocampus as a brain area underlying 
cognitive improvements. So far, only Takahashi et al. (2012) investigated  the effect 
of exercise on neural mechanisms underlying for example inferring intentions 
of others and motivation to take action. With regard to negative symptoms such 
as apathy, future research should investigate the effect on the fronto-subcortical 
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circuitry and the anterior cingulate cortex (ACC) and the inferior parietal cortex as 
regions of interest (Kos et al., 2016). Regarding the decrease of depressive symptoms 
or mood improvement associated with exercise, activation and connectivity between 
the amygdala, the hippocampus and the medial prefrontal cortex may be relevant 
targets in analyses (Drevets, Price, & Furey, 2008). Furthermore, a focus on activation 
and connectivity of brain areas involved in social cognition such as the amygdala, 
the fusiform gyrus, the superior frontal sulcus, the medial prefrontal cortex and 
the ventrolateral prefrontal cortex could be fruitful in order to determine neural 
mechanisms underlying effects of exercise on social functioning (Pinkham, 2014).

Finally, in addition to investigating grey matter volumes or activation and connectivity 
between grey matter brain areas, it might be interesting to look for the effect of exercise 
on improved white matter integrity in fiber tracts. So far, only Svatkova et al. (2015) 
studied the effect of exercise on white matter in individuals with schizophrenia.

Conclusions

The aim of the present article was to provide an up to date overview of studies 
investigating the neural effects of exercise in individuals with a schizophrenia 
spectrum disorder and healthy individuals. The majority of included studies focused 
on hippocampal effects, reporting beneficial effects of exercise. However, results seem 
inconsistent across studies due to differences in frequency, intensity and duration 
of exercise protocols, mean age of samples, and segmentation technique used. In 
addition, in schizophrenia increased EBA activation and increased white matter fiber 
integrity in tracts relevant to the disorder were found and in healthy individuals 
decreased connectivity of the DLPFC indicating greater cognitive efficiency was 
reported. Comparing individuals with a schizophrenia spectrum disorder and healthy 
individuals, most studies found similar effects for both groups although the effect in 
schizophrenia spectrum disorders may be attenuated which is in line with previous 
literature on brain plasticity.

 Consensus on optimal intervention characteristics is needed as there seems to be a clear 
dose-response relationship between exercise and neural effects in both individuals 
with a schizophrenia spectrum disorder and healthy individuals. As results for both 
groups indicate a possible relationship between cardiorespiratory fitness and neural 
effects, implementation of a standardized measure of aerobic fitness is recommended 
in future trials. Future studies should expand their focus, by investigating neural 
mechanisms underlying positive effects of physical exercise on positive symptoms, 
negative symptoms and symptoms such as depression, social withdrawal and social 
cognition. Finally, future studies should utilize other neuroimaging techniques in 
addition to structural magnetic resonance imaging more frequently to build upon 
the promising results of the scarce fMRI and DTI studies and further elucidate the 
functional neurobiology of exercise-related effects.
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aBSTraCT

Individuals with a psychotic disorder are at an increased risk of becoming the victim 
of a crime. A body-oriented resilience therapy (‘BEATVIC’) aimed at preventing 
victimization by addressing putatively underlying factors was developed. One of these 
factors is social cognition, particularly facial affect processing. The current study 
investigated neural effects of BEATVIC using two face processing tasks. Participants 
were randomized to either BEATVIC or a ‘Befriending’ control group. Twenty-seven 
patients completed an Emotional Faces task and the Wall of Faces task during fMRI, 
pre and post intervention. General linear model analyses yielded no differences 
between groups over time. Independent component analyses revealed increased 
activation of the salience network to angry and fearful faces in BEATVIC compared 
to Befriending. A trend for increased activation of the (medial) visual network to (a 
group of predominantly) angry faces, and decreased deactivation in the sensorimotor 
network in response to fearful faces in BEATVIC was observed. Increased activation 
of the salience network and visual network may suggest more elaborate processing 
of visual information and/or an increased alertness for potentially dangerous faces. 
Decreased deactivation in the sensorimotor network might indicate a reduced 
tendency for “freezing” and enhanced action readiness in response to indirect threat.
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inTroDuCTion

Individuals diagnosed with a psychotic spectrum disorder are more susceptible to 
become the victim of a crime than people from the general population (de Vries et al., 
2018a; Maniglio, 2009). Victimization can have a considerable impact on peoples’ lives, 
leading to for example substance abuse, depression (Fisher et al., 2017), more severe 
symptomatology and poorer illness outcome (Newman et al., 2010). To decrease the 
risk of victimization in people with a psychotic disorder, a body-oriented resilience 
therapy was developed, henceforward referred to as BEATVIC (van der Stouwe et al., 
2016). BEATVIC aims to prevent victimization by addressing associated factors which 
are modifiable and feasible to improve by means of an intervention. 

One of these risk factors is impaired social cognitive deficits (DePrince, 2005b), such as 
problems in processing facial expressions, that often accompany psychotic disorders 
(Baas et al., 2008; DePrince, 2005b). Individuals with a psychotic disorder often show a 
deficiency in recognizing facial expressions, body language, mentalization and prosody 
which could prevent accurate judgement of threatening social situations which may 
ultimately result in victimization. These deficits in social cognitive functioning has 
been acknowledged as an important treatment target to help patients recognize and 
manage potentially threatening situations and to adopt self-protective behaviours 
in order to reduce their risk of victimization (Morgan et al., 2016). In BEATVIC, by 
practising kickboxing techniques with a partner, and by observing others in a group 
and discussing afterwards, participants learn to identify (threatening) non-verbal 
communication, such as negative facial expressions, body postures and gestures. 
In addition, participants are encouraged to reflect on their own behaviour gaining 
insight in how they appear to others, and accordingly they can experiment with new 
behaviour in a safe therapeutic environment. For a comprehensive explanation of 
BEATVIC, see van der Stouwe et al. (2016) and De Vries et al. (2018).  

The neural correlates of effects of therapeutic interventions such as BEATVIC can 
have important implications for our understanding of the mechanisms of therapeutic 
change (Brenner et al., 2006; Van Der Gaag, 2006). While the current study was the 
first to investigate this specific therapy, several previous studies looked at neural 
effects of social cognition training (SCT), an intervention which also targets emotional 
face processing. A review of neural changes following SCT in people with psychotic 
disorders revealed normalizing effects in key areas involved in emotional facial 
processing: early visual perceptual regions, prefrontal gyri, and the amygdala and 
insula (Campos et al., 2016). While early visual processing areas are known to show 
hypo-activation and reduced volume in psychosis, studies found increased activation 
in the posterior parietal and occipital cortex in response to face processing (Habel 
et al., 2010) and reduced grey matter volume loss in the fusiform gyrus (Eack et al., 
2010) after SCT in schizophrenia. Similarly, whereas psychotic disorders associated 
with reduced activation in frontal regions during face processing (Delvecchio et al., 
2017), studies have revealed increased activity in the inferior, medial and/or superior 
frontal gyrus over time following SCT (Luckhaus et al., 2013; Subramaniam et al., 

190909 Proefschrift Elise van der Stouwe.indd   119 9-9-2019   21:53:10
        



121 120

|     Chapter 7

2012). Finally, activity of the insula and amygdala, that is decreased in psychosis 
during  facial expression recognition, was increased following SCT (Eack et al., 2010; 
Habel, Koch, et al., 2010; Keshavan et al., 2011). In conclusion, previous studies have 
revealed meaningful neural effects of SCT in patients with a psychotic disorder.

The aim of the present study was to examine neural changes in areas associated with 
social cognition, and face processing in particular, following a body-oriented resilience 
therapy aimed at improvement of factors associated with victimization in individuals 
with a psychotic disorder. To achieve this, we  studied the effect of BEATVIC on 
functional activation of the brain during processing of faces denoting direct as well as 
indirect threat (Frijda, 1986; Fridlund, 1994). Angry expressions signal a direct and 
immediate threat from a potential perpetrator, while fearful expressions indicate a 
possible presence of a significant source of threat in the environment, as witnessed by 
others (Fridlund, 1994). Especially processing of threatening facial expressions might 
be relevant in the context of victimization, because adequate processing of angry 
faces enables recognizing the intentions of potential perpetrators whereas adequate 
processing of fearful faces enables detecting this indirectly. A first study comparing a 
group of recently victimized participants with a psychotic disorder and patients who 
had not been victimized revealed more deactivation of the sensorimotor network 
during processing of angry faces (van der Stouwe et al., submitted). 

Because we were primarily interested in abovementioned functional neural changes 
related to face processing, we chose to control for potential effects of the amount of 
exercise in BEATVIC, if any such effects were apparent. A review by our group (van 
der Stouwe et al., 2018) has shown that previous research on the neural correlates of 
physical activity interventions in psychosis mostly focused on the hippocampus, often 
revealing an increase in hippocampal volume (Lin et al., 2015; Pajonk et al., 2010) or 
a dose-dependent prevention of hippocampal volume decline over time (Malchow et 
al., 2015). However, it was concluded that an average weekly exercise frequency of 
at least two times a week may be the minimum to detect neural changes of physical 
activity interventions in psychosis (Scheewe et al., 2013). Therefore no volume 
changes, measured by means of Voxel Based Morphometry (VBM), were expected but 
in case of changes these were controlled for.

Earlier studies on SCT in psychosis reported normalizing effects on early visual 
processing areas, frontal areas, and facial expression recognition areas, the insula 
and amygdala. Therefore it was hypothesized that BEATVIC would lead to increased 
activation in these areas as well. Since our previous study on baseline data of this 
study revealed stronger deactivation of the sensorimotor network during processing 
of angry faces in a victimized group of patients, we additionally explored the effect of 
BEATVIC on the sensorimotor network. 
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mEThoDS

Participants 

A total number of 41 participants was recruited from five mental health institutions 
in the Netherlands as part of the ‘Beat victimization’ study (Beatvic; van der Stouwe et 
al., 2016). Inclusion criteria were: age ≥18, and a diagnosis in the psychotic spectrum 
according to DSM-IV-TR. Exclusion criteria were: severe psychotic symptoms (PANSS 
mean positive symptoms >5), substance dependence (not substance abuse), co-
morbid neurological disorder, co-morbid personality disorder, estimated IQ <70, 
pregnancy and MRI-incompatibility. To verify whether participants met the inclusion 
criteria, trained interviewers completed a mini-SCAN interview (Damhuis et al., 
2011), a PANSS interview (Kay & Fiszbein, 1987) and a MRI safety checklist. The study 
was approved by the local ethical committee (University Medical Center of Groningen, 
The Netherlands; METc protocol number: NL52202.042.15) and was performed in 
line with the declaration of Helsinki. Written informed consent was obtained from 
all participants. Patients were randomly assigned to one of the two treatment arms: 
BEATVIC or befriending (Current Controlled Trials: ISRCTN21423535).

intervention

BEaTViC. BEATVIC consists of twenty weekly group sessions of 75 minutes led by 
a therapist trained in body and movement oriented interventions (in the European 
literature called a psychomotor therapist, see www.psychomot.org/) and an expert by 
experience. Each session includes a warming-up, technical kickboxing exercises and 
thematic exercises, a cooling-down and a discussion of the addressed factors to make 
a transfer to daily life. The twenty sessions are divided into five modules. 

In the first module kickboxing techniques are introduced with a special emphasis on 
self-stigma and setting and respecting boundaries. The second module, ‘Recognizing 
dangerous behavior’, aims to increase social cognition by identifying (threatening) 
non-verbal communication, such as body postures, gestures and facial expressions. 
Whereas this module focuses on interpretation of behavior of others, the third 
module, ‘How others see me’, emphasizes patients’ own behavior. The aim is to gain 
insight in factors which affect one’s own behavior (e.g. emotions, characteristics of 
someone else) and insight in automatic natural reactions to dangerous situations (e.g. 
fight, flight or fright). Special emphasis is on the role of body posture, balance, voice 
and breath to feel and appear stronger. The aim of the fourth module ‘Coping with 
aggression’ is to learn to detect and regulate one’s own aggression, but also to learn 
to deal with aggressive behavior of others. Exercises focus on bodily signals of anger 
and tension and ways to reduce tension. Observational exercises are used to detect 
signals of tension in others. Throughout BEATVIC, couple exercises and observational 
exercises are implemented to practice reading others’ behavior. In the last module, 
exercises that were particularly useful for the specific group are repeated. 
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Control group. The control group was offered of twenty weekly ‘Befriending’ group 
sessions of 75 minutes. The aim of these sessions is to provide a welcoming atmosphere 
in which participants can socially interact in an informal setting. Befriending consists of 
five modules ‘Introduction’, ‘Media’, ‘Hobbies’, ‘Lifestyle’ and ‘Repetition and follow-up’. 
Throughout these modules, groups for example play board games, discuss the news, 
watch a documentary, cook a meal, discuss their hobbies or make Christmas cards. 
Trainers make sure only neutral topics, such as music, books or sports are discussed. 
Befriending has been used as a control treatment in several studies investigating 
cognitive behavior therapy in the treatment for psychosis (Bendall et al., 2006). 

measures 

Before and after the intervention period participants underwent functional and 
structural MRI scanning.

Emotional faces (Ef) task. With the Emotional Faces (EF) task brain response 
to threatening emotional faces was investigated. Participants completed a gender 
discrimination task including sixteen blocks of individual angry, neutral, happy and 
fearful faces (Lundqvist, Flykt, & Öhman, 1998). Each block contained six trials, 
including three to five face trials from one emotion condition and one to three null 
trials consisting of a fixation cross. Faces and null trials were randomly mixed within 
blocks. Each face trial consisted of a stimulus presented for 600 milliseconds and an 
interstimulus interval of 200 milliseconds during which a fixation cross was displayed. 
Participants were  instructed to respond (indicate the gender) by means of a button 
box as fast as possible.

Wall of faces (Wof) task. The WoF task (Simmons et al., 2006) enables investigating 
brain response to a group of predominantly angry faces containing trials each 
presenting an array of 32 emotional faces (i.e. angry or happy). Participants were 
asked to indicate the predominant emotion (emotion blocks, experimental condition) 
or the predominant gender (gender blocks, control condition) of the array of faces. 
The ratio of angry to happy faces and male to female faces could be equal (ambiguous, 
16:16) or unequal (unambiguous, 26:6). In each trial, the 32 faces were presented for 
3s, followed by 1.5s response time. During face presentation and response time, the 
options “Angry-Happy” or “Female-Male” were displayed on the screen. Blocks of 8 
trials (48s) started with an instruction (“emotion” or “gender”) and were interleaved 
with a fixation cross (24s). Emotion and gender blocks were alternated. 

magnetic resonance imaging acquisition  

Neuroimaging data were acquired on a 3T Philips Intera MR-scanner (Best, The 
Netherlands), equipped with a 32-channel SENSE head coil. During the task, whole-
brain functional images were acquired using a T2*-weighted echo-planar sequence 
(39 descending axial slices; slice thickness=3mm; slice gap=0mm; TR=2000ms; 
TE=30ms; FOV 192x192x117mm; voxel size=3mm isotropic; flip angle=90degrees; 
275volumes). All scans were oriented approximately 10-20° to the AC-PC transverse 
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plane to prevent artefacts due to nasal cavities. In addition, a high-resolution anatomical 
T1 image was recorded (170slices; slice thickness=1mm; TR=9ms; TE=3.5ms; FOV 
256x232x170mm; voxel size 1mm isotropic).

Statistical analyses

Demographic characteristics. Demographic and clinical differences between 
the treatment and control group were tested using a Pearson chi-squared test for 
categorical variables or Fisher’s exact tests in case expected cell counts <5. Continuous 
variables were tested with independent T-tests and Mann-Whitney U tests. Because 
depression and paranoia may influence processing of facial expressions (Groenewold, 
Opmeer, de Jonge, Aleman, & Costafreda, 2013b; Williams et al., 2004a), we also 
explored group differences on the individual PANSS depression item and paranoia 
item.

Behavioral data. For the EF and the WoF task, reaction times (RT) were analyzed by a 
Group (BEATVIC, befriending) x Time (pre-assessment, post-assessment) x Condition 
(angry, fearful or unambiguous_moreangry, unambiguous_emotion, ambiguous_
emotion) RM ANOVA with Group defined as a between-subjects factor and Time and 
Condition as the within-subjects factors. Accuracies (Accs) were analyzed by means 
of a similar RM ANOVA, but for the WoF task only the responses to the unambiguous 
trials were used, as there were no correct responses in the ambiguous trials.

Preprocessing. Neuroimaging data were preprocessed and analyzed using Statistical 
Parametric Mapping 12 version 6470 (Welcome Department of Cognitive Neurology, 
UCL) in Matlab version 7.8.0 (Mathworks, Natick USA). First, T1 and T2* images were
reoriented manually to the AC-PC plane. Functional images were then realigned and 
co-registered to the anatomical T1 image. Next, the data was normalized to Montreal 
Neurological Institute (MNI) space. Finally, images were smoothed using an 8 mm Full 
Width Half Maximum Gaussian kernel. 

Voxel Based morphometry analyses. T1 images were segmented into grey matter, 
white matter, cerebrospinal fluid, bone, soft tissue, air/background. The Diffeomorphic 
Anatomical Registration Through Exponentiated Lie algebra (DARTEL) approach was 
used for optimal registration of individual segments to a group mean template. The 
DARTEL-normalized modulated and unmodulated grey matter segments were further 
normalized to the Montreal Neurological Institute (MNI) space. The left and right 
hippocampus, defined by the Automated Anatomic Labelling system implemented in 
the Wake Forest University PickAtlas (http://fmri.wfubmc.edu/software/PickAtlas), 
were used as regions of interest (ROIs). Gray matter volume, white matter volume, 
intracranial volume, bilateral hippocampus volume, left hippocampus volume and 
right hippocampus volume (in ml) were computed with in-house scripts and entered 
in SPSS. A RM ANOVA was used to investigate Group (BEATVIC, Befriending) x Time 
(pre-assessment, post-assessment) effects.
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glm activation analyses. Pre and post neuroimaging data were entered together in 
first-level models. For the EF task, four task regressors (angry, neutral, happy, fearful), 
defined as onset times per trial, were convolved with the canonical hemodynamic 
response function. For the WoF, six task conditions (ambiguous emotion, ambiguous 
gender, unambiguous more happy faces, unambiguous more angry faces, unambiguous 
more female faces, unambiguous more male faces) and an instruction condition 
(notifying task and resting blocks) were modelled. To correct for motion, six motion 
parameters and their first derivatives were added to all models. In addition, framewise 
displacement (FD) was calculated and included as a regressor. Motion was deemed 
excessive when FD>0.9 for a certain volume (Siegel et al., 2014). Because we were 
interested in a potential change in threat-response over time, we created the EF contrasts: 
t1(angry>baseline)>t2(angry>baseline) and t1(fear>baseline)>t2(fear>baseline). For 
the WoF, the following contrasts were computed: t1(unambiguous_more_angry_faces> 
unambiguous_more_happy_faces)>t2(more_angry>more_happy),t1(ambiguous_
emotion > unambiguous_emotion)>t2(amb_emo>unamb_emo), t1(ambiguous_trials> 
unambiguous_trials)>t2(amb>unamb).

Single-subject contrast images of pre-treatment data only were used to perform one-
sample t-tests at second level to examine main task effects. Two-sample t-tests were 
performed to compare the differences over time for the treatment and the control 
group. Medication use was entered as covariate of no interest in all analyses by means 
of a dummy variable (yes/no antipsychotic medication). All tests were performed at 
an initial threshold of p<0.001 with FWE cluster correction at p<0.05.

independent Component analysis. Independent Component Analysis (ICA) was 
performed with the Group ICA of fMRI Toolbox (GIFT; version 3.0a, MIALAB Software; 
Calhoun et al., 2001), which was implemented in Matlab version 7.8.0. Both pre ad post 
functional time series were entered into ICA. The number of independent components 
was estimated using Maximum Description Length (MDL) and Akaike’s criteria, which 
resulted in 32 components for both the EF and WoF task. For all participants, images 
were decomposed into 32 spatially independent components using the Infomax 
algorithm. Single subject time courses and spatial maps were back-reconstructed by 
means of spatial-temporal regression. Subsequently, a group ICA was performed and 
its stability was assessed by performing an ICASSO on 20 iterations (Himberg et al., 
2004).

To select components, for both tasks the correlation between the time course of the 
independent components and the conditions of the task was determined. The design 
matrices derived from the GLM analyses were entered in the temporal sorting function 
(multiple regression) in GIFT. To make sure we selected components including our 
brain areas of interest, three anatomical masks containing respectively early visual 
processing areas (fusiform gyrus, inferior/middle/superior occipital gyrus), frontal 
areas (inferior/middle/superior frontal gyrus) and facial expression recognition areas 
(the insula and amygdala) were created with WFU-pickatlas (http://www.nitrc.org/
projects/wfu_pickatlas). We performed a spatial sorting of all components based on 
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each of these masks (multiple regression) in GIFT. Overall, for each ROI (visual, frontal, 
insula & amygdala) we selected the component with the highest correlation with the 
task. In addition, we selected the sensorimotor network. Components were identified 
based on previous resting state studies (Allen et al., 2011; Damoiseaux et al., 2006).

Following temporal sorting, the resulting beta weights represented the amount of 
task-related activation or deactivation per independent component per condition, 
per assessment (pre- or post-assessment) for every subject. These beta weights 
were entered in to SPSS. Change scores (post intervention – pre intervention) 
were calculated and used to determine group differences in network activation or 
deactivation by using the Mann-Whitney U test (α= 0.05).

rESulTS

Sample characteristics

Of the 41 participants that underwent pre-treatment fMRI-scanning, 31 participants 
also completed the post-treatment fMRI session. A CONSORT flow diagram indicating 
the numbers and reasons of therapy drop-out and treatment drop-out can be found 
in Supplementary material Fig. S1. Data of two participants were excluded due to 
excessive head movement (>3mm) and data of two participants were excluded due 
to technical problems. Demographical and clinical characteristics of the remaining 27 
participants are depicted in Table 1. The treatment and control groups did not differ 
on sociodemographic characteristics or illness related characteristics. 

Behavioral results

For the Emotional Faces (EF) task, groups did not differ in RT and Acc of the angry and 
fearful face conditions pre-treatment. A RM ANOVA revealed no significant differences 
between groups over time. Similarly, with regard to the WoF task, groups did not differ 
in RT and Acc pre-treatment and there were no significant group by time interactions 
(see table 2).

 BEATVIC  Befriending  F, p 
 Pre (mean. sd) Post (mean. sd) Pre (mean. sd) Post (mean. sd)  
EF      

RT_angry 559.2 (53.8) 546.6 (50.3) 609.1 (84.4) 589.74 (65.8) F(1,26)=0.29, p=0.60 
RT_fearful 563.8 (64.4) 563.46(49.0) 606.9 (79.8) 596.21 (71.5) F(1,26)=0.36, p=0.56 
Acc_angry 46.5 (9.6) 53.5 (6.0) 41.6 (19.2) 48.3 (16.5) F(1,26)=0.03, p=0.86 
Acc_fearful 47.5 (12.3) 52.9 (6.5) 43.7 (20.4) 48.7 (17.0) F(1,26)=0.10, p= 0.76 
WoF      
RT_unamb_moreangry 2264.9 (650.1) 2112.3 (706.5) 2538.1 (814.4) 2619.0 (879.0) F(1,24)=0.75, p=0.40 
RT_unamb_emotion 2098.7 (517.1) 2088.5 (703.4) 2476.3 (832.0) 2602.10(761.9) F(1,24)=0.41, p=0.53 
RT_amb_emotion 2366.3 (525.5) 2282.2 (669.2) 2691.4 (773.8) 2705.3 (818.8) F(1,24)=0.23, p=0.63 
Acc_unamb_moreangry 6.4 (1.2) 7.0 (0.8) 6.6 (1.2) 5.8 (2.6) F(1,24)=2.26, p=0.15 
Acc_unamb_emotion 13.6 (2.0) 14.3 (1.4) 13.1 (1.9) 11.0 (5.3) F(1,24)=3.23, p=0.09 

 

Table 2.  Mean reaction times (RT) and accuracies (Accs) at pre and post assessment.
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 BEATVIC Befriending Test statistic 
N 14 13  
Age, mean (SD) 32.4 (10.0) 36.4 (11.5) t(26)= .78, p=.37 
Gender, N(%) male 9 (64.3) 10 (76.9) X2(1)=.52, p= .47 
Occupational status, N(%)   p= 1.00 
     Job 4 (28.6) 3 (23.1)  
     Voluntary work 2 (14.3) 2 (15.4)  
     Unemployed 8 (57.1) 8 (61.5)  
Living situation, N(%)    
     Alone 7 (50) 8 (61.5) p=.92 
     Partner 1 (7.2) 1 (7.7)  
     Family/parents 4 (28.6) 2 (15.4)  
     Supported housing 2 (14.3) 2 (15.4)  
Age of onset, mean(SD)  19.1 (6.2) 21.5 (8.3) t(26)=-.85, p=.26 
Number of psychotic episodes, 
mean(SD)  

3.8 (3.9) 4.3 (3.8) t(26)=-.35, p=.61 

Number of admissions, mean (SD) 1.5 (1.4) 1.5 (1.5) t(26)=-.07, p=.86 
PANSS score, mean(SD)    
     Total 48.9 (7.9) 50.0 (9.2) u=81.5, p=.64 
     Positive 12.6 (3.7) 12.7 (3.5) u= 89, p=.92 
     Negative 10.6 (2.6) 11.4 (3.0) u=80.5, p= .61 
     General 25.7 (4.3) 25.9 (5.5) u=91, p=1.0 
BNSS total score 13.5 (8.1) 14.8 (7.3) u= 80, p=.59 
PANSS depression item 2.5 (1.6) 2.9 (1.4) u= 76, p= .45 
PANSS paranoia item 2.8 (2.8) 2.2 (1.1) u= 87.5, p=.86 
Antipsychotic medication, N(%)   p=.60* 
     Risperidone 2 (14.3) 3 (23.1)  
     Olanzapine 2 (14.3) 2 (15.4)  
     Clozapine 3 (21.4) 3 (23.1)  
     Aripiprazole 3 (21.4) 2 (15.4)  
     Quetiapine 2 (14.3) 1 (7.7)  
     Haloperidol  2 (14.3) 1 (7.7)  
     Paliperidone  2 (15.4)  
     Penfluridole  1 (7.7)  
     None 3 (21.4) 1 (7.7)  
Antidepressant medication, N(%)   p= .13* 
     Citalopram 1 (7.2) 4 (30.8)  
     Venlafaxine 2 (14.3) 1 (7.7)  
     Amitriptyline       1 (7.2)   
     Norpriptyline  1 (7.7)  
     Lithium 2 (14.3) 1 (7.7)  
     Clomipramine    
    Mirtazapine  2 (15.4)  
    None 10 (71.4) 5 (38.5)  
 

Table 1. Demographic and clinical characteristics at pre-assessment.
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Table 3. Brain volumes at pre and post assessment.

VBm analysis

Brain volumes for BEATVIC and Befriending at pre and post assessment are displayed 
in table 3. At pre-assessment, groups did not differ in brain volume. No significant 
group by time interactions were found. Hence, brain volume was not included as a 
covariate in further analyses.

 BEATVIC  Befriending  F, p 

 Pre Post Pre Post  
Gray matter 729.38 (89.51) 722.22 (96.86) 732.63 (120.02) 726.28 (123.78) F(1,25)= 0.02, p= 0.89 
White matter 466.83 (42.38) 468.67 (39.12) 474.04 (57.74) 478.12 (57.5) F(1,25)= 0.57, p= 0.46 
Intracranial volume 1403.29 

(96.65) 
1396.51 
(135.51) 

1483.28 
(152.96) 

1474.92 
(169.68) 

F(1,25)= 0.00, p=095 

Left hippocampus 4.68 (0.31) 4.65 (0.28) 4.60 (0.42) 4.56 (0.43) F(1,25)= 0.05, p=0.83 
Right hippocampus 4.06 (0.37) 4.01 (0.29) 3.97 (0.37) 3.92 (0.38) F(1,25)= 0.04, p=0,84 

 

GLM activation analyses

Emotional faces (Ef) task 

Task effects. The task activated occipital, frontal areas, insula and amygdala as was 
shown by contrasting respectively angry faces and fearful faces against baseline. Both 
contrasts revealed a similar pattern of brain regions (for overview see Supplementary 
material Table S2/Fig. S3).

group differences. There were no significant time differences between groups: 
the BEATVIC group did not differ from the befriending group when comparing pre-
treatment and post-treatment brain response to angry faces respectively fearful faces 
contrasted with baseline. 

Wall of faces (Wof) task 

Task effects. The WoF did not reveal differences in activation between task conditions 
when investigating all pretreatment scans with a one-sample t-test. This may be due 
to the fact that the different conditions are very similar in terms of visual input (array 
of faces on a screen) and cognitive processes recruited during the task (cf. Liemburg 
et al., 2017b).

group differences. There were no significant group differences in time effects: groups 
did not differ in change in brain response over time.

Independent Component Analysis

Emotional faces (Ef) task 

In total, thirty-two independent task-related network components were estimated. The 
component including visual regions with the highest correlation with the task (r=0.41) 
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was the visual network. The component including facial expression recognition areas 
with the highest correlation with the task (r=0.07) comprised the salience network. 
The component including frontal areas with the highest correlation with the task 
(r=0.07) was the left frontoparietal network. In addition, the sensorimotor network 
(r=0.07) was selected. All selected components are depicted in Fig. 1.

Wall of faces (Wof) task

In total, thirty-two independent task-related network components were estimated for 
the WoF task as well. The component including visual regions that showed the highest 
correlation with the task (r=0.62) was the medial visual network. The component 
including emotional face processing areas with the highest correlation with the 
task (r=0.21) consisted of the salience network. The component including frontal 
regions with the highest correlation with the task comprised the right frontoparietal 
network (r=0.21). Finally, the sensorimotor network (r=0.14) was selected. Selected 
components are depicted in Fig. 1 (for a detailed description of selected networks see 
Supplementary material S.4).

figure 1. The spatial maps of selected components for the EF task (left) and WoF task (right). Left: A) visual 
network. B) salience network. C) left frontoparietal network. D) sensorimotor network. Right: A) medial 
visual network. B) salience network. C) right frontoparietal network. D) sensorimotor network.

Independent Component Analysis: Task correlations 

Emotional faces (Ef) task

The component consisting of the salience network showed significant differences in 
task-related network activation between groups over time during processing of both 
fearful (U=44,00, z=-2,28, p=0,02) and angry faces (U=33,00, z=-2,82, p=0,005). For 
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fearful faces, increased activation over time was found in the BEATVIC group and 
decreased activation over time was found in the Befriending group. For angry faces, 
decreased activation over time in this network was found in the Befriending group. 
The visual component showed a trend difference between groups over time during 
processing of angry faces (U=51,00, z=-1,94, p=0.05). Similarly, increased activation 
over time during the processing of angry faces was found in the BEATVIC group, 
while the Befriending group showed decreased activation over time. There was 
also a trend time x group interaction effect for the sensorimotor component during 
fearful faces (U=55, z=-1,75, p=0.08). This effect was due to decreased deactivation 
over time in BEATVIC and increased deactivation over time in Befriending. No time* 
group interactions were found for the component consisting of the left frontoparietal 
network.

BEATVIC  Befriending  

EF

WoF

Table 4. Mean beta weights per component for participants in BEATVIC (n=14) and Befriending (n=13) 
groups. pre- and post-treatment.

*(trend)significant difference between groups across time
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Wall of faces (Wof) task

The medial visual network showed a trend time x group interaction during processing 
of a stimulus comprising a wall of more angry faces than happy faces (p=0.07), because 
Befriending showed decreased activation over time. The other selected components 
did not show differences between groups across time. Means and standard deviations 
of beta weights for each component for both groups and both assessments are depicted 
in table 4.

DiSCuSSion

The aim of this study was to examine neural changes following BEATVIC, a body-
oriented resilience therapy with kickboxing exercises. After the intervention period, 
the BEATVIC group showed increased activation of the salience network compared to 
the Befriending group during processing of fearful and angry faces. Post-treatment, 
a trend towards increased activation of the (medial) visual network to (a group of 
predominantly) angry faces, and decreased deactivation in the sensorimotor network 
in response to fearful faces in BEATVIC compared to Befriending was observed. No 
differences were found between the BEATVIC group and the Befriending group over 
time in terms of regional brain activation as analyzed with conventional GLM analysis.
In line with our hypotheses, using ICA investigation of networks, we found increased 
activation in components that included facial expression recognition areas and visual 
processing areas (trend) following BEATVIC compared to Befriending. These findings 
resemble results of previous studies that have reported increased activation in the 
occipital cortex (Habel et al., 2010) and in the insula (Eack et al., 2010; Habel et al., 
2010; Keshavan et al., 2011) during emotional faces tasks following SCT. Several 
meta-analyses have found reduced activation in visual processing areas and the 
insula in schizophrenia and psychosis (Delvecchio et al., 2017; Li et al., 2010). This 
might indicate that BEATVIC normalizes activation in the (medial) visual network 
and the salience network, however, to confirm this, a future study including a healthy 
control group is needed. The (medial) visual network is implicated in processing of 
visual stimuli, which might indicate that BEATVIC may lead to processing faces more 
adequately. This is in line with descriptives of the behavioral data of the WoF that 
show more accurate responses over time for BEATVIC and less accurate responses 
following Befriending. As the salience network is involved in detecting and filtering 
salient stimuli (Peters et al., 2016), increased activation of this network may suggest 
that BEATVIC results in better detection of salient information from the environment. 
Patients might have become more alert to threatening or potential dangerous faces. 
However, such interpretations would need to be corroborated with behavioral 
evidence and thus replication in larger groups is needed.

Contrary to our hypothesis, the frontal component did not reveal differential activation 
between groups over time. Whereas BEATVIC also consists of reflection on one’s 
feelings and behavior and exercises in which participants have to dose and control 
their own strength, the intervention is primarily non-verbal and experience-based, 
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including many exercises that evoke behavioral reflexes which involves processes that 
may not recruit frontal brain regions. Indeed, previous SCT studies reporting effects 
on frontal regions often included cognitive training (Subramaniam et al., 2014, 2012) 
which, rather than basic perceptual face processing related processes, might have 
been responsible for frontal activation.

In addition to the visual network, frontal network and salience network, we explored 
whether there was an effect on the sensorimotor network between groups over time. 
A trend for decreased deactivation in the sensorimotor network in response to fearful 
faces in BEATVIC compared to Befriending was observed. Thus, while we previously 
found more deactivation of the sensorimotor network in a group of victimized 
patients (van der Stouwe et al., submitted), BEATVIC resulted in a trend of decreased 
deactivation of this network. The sensorimotor network is implicated in preparation 
and execution of actions. Decreased activation in sensorimotor regions and decreased 
connectivity within the sensorimotor network has been associated with the common 
symptom ‘freezing of gait’ in patients with Parkinson’s disease which refers to a brief, 
involuntary abortion of movement (Mi et al., 2017; Shine et al., 2013). Deactivation of 
the sensorimotor network in victimized participants may resemble to some extent the 
freeze response reported in traumatized individuals in response to threat (Hagenaars 
et al., 2012; Roelofs et al. 2010). It could be speculated that BEATVIC might lead 
to the tendency to freeze less and undertake action instead in response to indirect 
threat, which might be explained by the physical activation (and exercises that 
address reflexes such as fight, fright and flight) induced by the intervention. However, 
it remains unclear why this trend effect was not present in response to angry faces. 
BEATVIC may lead to more elaborate processing of threatening faces, as reflected by 
increased activation of the salience network, but only indirect threat may result in 
the tendency to undertake action accordingly. Overall, all components that showed a 
(trend) difference between groups over time revealed a similar pattern of increased 
activation or decreased deactivation in Beatvic and decreased activation in Befriending, 
suggesting an increased alertness for threatening faces following BEATVIC.

No differences in brain response between the BEATVIC group and the befriending 
group following the intervention period were observed with GLM. This could be due 
to differences between both analysis methods: ICA is more sensitive in detecting task-
related changes in fMRI signal than GLM because ICA uses a data-driven approach 
and can reduce noise in the final solution by separating artifacts from real fMRI 
signal (Xu et al., 2013). With regard to behavioral data of the EF and the WoF task, 
formal RM ANOVAs also revealed no significant differences in RT and Acc between 
groups over time. However, post hoc we found a significant higher accuracy for the 
angry face condition in the BEATVIC group following the intervention compared to 
pre-treatment, and at post-treatment BEATVIC had significant higher accuracies for 
unambiguous emotion trials compared to the Befriending group.

VBM results revealed no differences between BEATVIC and befriending, which is in 
line with a review by our group in which we found that an average weekly exercise 
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frequency of at least two times a week might be the minimum to detect neural changes 
of physical activity interventions in psychosis (Scheewe et al., 2013; van der Stouwe 
et al., 2018). The current study suggests that an intervention consisting of physical 
activity one time (an hour) a week for a total of 20 weeks may insufficient to evoke 
structural brain changes in psychosis.

Some limitations of this study should be mentioned. First, the relative small sample 
size may have prevented current trend effects of ICA based analyses and behavioral 
analyses to reach statistical significance. The lack of results of GLM based analyses 
might also be partly explained by the sample size. Most previous fMRI studies on social 
cognition training or brain stimulation interventions in psychosis included around 20 
participants (Bais et al., 2017; Habel et al., 2010; Hooker et al., 2012; Luckhaus et al., 
2013), which is still modest. Another limitation concerns the component selection. 
While the selected components included respectively visual regions, frontal regions 
and the insula as ROIs, none of the components included the amygdala. We selected 
the salience network based on a ROI mask including both the insula and amygdala. 
However, no other component included the amygdala. The salience network, left 
fronto-parietal network and sensorimotor network selected for the EF task showed 
a relative low correlation with the task compared to for example the visual network. 
However, previous published studies found similar correlations with a task (Bais et 
al., 2017; Swart et al., 2013) or selected components based on spatial sorting only 
(Moreno-Küstner et al., 2018). Furthermore, low correlations with a task might also be 
due to the nature of the particular task, for example, the brief presentation of stimuli. 
On a different note, BEATVIC targets several factors: face processing, and social 
cognition in general, but also self-esteem, illness insight and aggression regulation. 
These different elements complicate comparison with other interventions, for example 
those that focus on face processing only, and hinder inferences about which element 
is responsible for a certain effect. However, this is inevitable in clinical practice as 
most interventions consist of various aspects, as opposed to experimental laboratory 
studies in which one factor can be systematically manipulated and investigated at a 
time. 

In summary, this study demonstrated that a body-oriented resilience therapy, aimed 
at preventing victimization by targeting associated factors such as difficulties with 
face processing, leads to increased activation of the salience network in response to 
threatening faces. The functional significance of this finding remains to be further 
established. Patients might have become more alert to threatening or potential 
dangerous faces following the intervention. This interpretation is supported by 
behavioral descriptives of the WoF that show reduced reaction times and more 
accurate responses for Beatvic compared to Befriending over time. Other findings, 
albeit less robust, suggested involvement of the sensorimotor network and the visual 
network. In short, our study shows that neuroimaging before and after a psychosocial 
intervention holds promise to generate hypotheses about underlying mechanisms. 
Larger studies are warranted though, including comprehensive behavioral assessment, 
to allow for more definite conclusions.
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Supplement 1. CONSORT flow diagram

 

 

CONSORT 2010 Flow Diagram 

Analysed (n=14) 
 Excluded from analysis (n=2; head 
movement > 3mm, n=1; technical problems) 

Lost to follow-up (n=1; fear for MRI scanner, 
n=3; increased symptoms during assessment 
period ) 

Discontinued intervention (n=1; not motivated 
for intervention)  

Allocated to BEATVIC (n=22) 
 Received allocated intervention (n=22) 
 Did not receive allocated intervention (n=0)  

Lost to follow-up (n=1; fear for MRI scanner, 
n=1 increased symptoms during assessment 
period) 

Discontinued intervention (n=2; not motivated 
for intervention)  

Allocated to Befriending (n=19) 
 Received allocated intervention (n=18) 
 Did not receive allocated intervention (n=1, 

moved after randomization) 

Analysed  (n=12) 
 Excluded from analysis (n=1; technical 
problems) 

 

Allocation 

Analysis 

Follow-Up 

Randomized (n=41) 
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Table S2. Brain areas activated in the emotional faces task. 

Contrast Regions Cluster size T value Z value MNI coordinates 

     x y z 

Supplement 2. Brain areas activated in the emotional face task.

Supplement 3. Task activation for angry>baseline (red) and fear>baseline 
(green).
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Supplement 4. Detailed description of components.

Emotional faces task 

Component A (visual network, r=0,41) revealed a pattern of inferior, middle and 
superior occipital regions, the cuneus, the calcarine gyrus and the lingual gyrus. 
Component B (salience network, r=0,07) included the bilateral insula and anterior 
cingulate cortex. Component C (left frontoparietal network, r=0,07) consisted of the 
inferior, middle and superior frontal gyrus, the inferior parietal gyrus and the angular 
gyrus. Component D (sensorimotor network, r= 0,07) comprised the supplementary 
motor area, the precentral and postcentral gyrus, the paracentral lobule and part of 
the middle cingulate cortex.

Wall of faces task

Component A (medial visual network, r=0.62) consisted of the middle, inferior and 
superior occipital gyrus, lingual gyrus, calcarine gyrus and fusiform gyrus. Component 
B (salience network, r=0,21) comprised the bilateral insula and anterior and middle 
cingulate cortex. Component C (right fronto-parietal network, r=0,21) consisted of 
primarily left superior, middle and inferior frontal regions, as well as inferior and 
superior parietal gyri, angular gyrus and precuneus. Component D (sensorimotor 
network, r=0,14) comprised the supplementary motor cortex, the precentral gyrus, 
the postcentral gyrus, the paracentral lobule and the middle cingulate cortex.
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The overarching aim of this dissertation was to investigate victimization in psychosis. 
Individuals diagnosed with a psychotic spectrum disorder are prone to become the 
victim of a crime and of other forms of aggression. For this patient group victimization 
prevalence rates are four to six times as high as in the general public (de Vries et al., 
2018a). Studies on patients with a psychotic disorder have revealed a large impact of 
victimization, leading to for example substance abuse, depression (Fisher et al., 2017), 
more severe symptomatology and poorer illness outcome (Newman et al., 2010). 
Because of the increased risk of victimization and its large impact, an intervention 
specifically targeted at victimization is vital for this population. Therefore, we have 
developed a body-oriented resilience therapy with elements of kickboxing; BEATVIC. 
The therapy aims to prevent victimization by addressing putative risk factors which are 
potentially modifiable through an intervention, such as social cognition, assertiveness, 
self-esteem, self-stigma, aggression regulation and illness insight. To target these 
factors, a body-oriented approach was combined with elements of social cognition 
training, assertiveness training and martial arts. In this dissertation we explored 
the feasibility of BEATVIC by means of a pilot and subsequently we performed a 
multicenter randomized controlled trial to investigate effects on behavioral outcomes 
(e.g. incidents of victimization, associated factors and generic outcomes such as quality 
of life and recovery). In addition, we conducted an MRI study to gain more insight 
into the putatively underlying neural basis, which could shed light on implicated 
mechanisms. More specifically, we investigated which brain areas or networks related 
to social cognitive processes are associated with victimization of individuals with 
psychosis, and explored the effects of the intervention on brain activation. Because the 
therapy contains physical exercise we also reviewed studies which have investigated 
the neural effects of physical exercise interventions in people with a psychotic disorder 
and healthy individuals. In the following paragraphs, important findings  will be 
summarized and integrated. Next, I will share some general considerations connected 
to this work. Subsequently, clinical implications and directions for future studies will 
be indicated and finally, I will end with a number of concluding remarks.

Summary anD inTEgraTion of finDingS

feasibility of BEaTViC

In preparation of the large randomized controlled trial to investigate the effectiveness 
of BEATVIC described in Chapter 3 and Chapter 4 we performed a feasibility study 
in Chapter 2. The aim of this study was threefold: a) to explore the feasibility of the 
intervention, b) to improve the therapy protocol and c) to explore suitable outcome 
measures for a subsequent RCT. 

It took approximately two months, and 155 invitations to patients to include 24 
participants with a psychotic disorder from five in- and outpatient facilities of the 
psychosis department of GGZ Drenthe in Assen, the Netherlands. This indicates 
that therapists were interested and willing to refer their patients, and that a 
substantial number of patients were inclined to participate in the therapy and the 
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study. Furthermore, the mean attendance was 85.3% and 88% of the participants 
attended fifteen or more of the twenty weekly sessions. These attendance rates are 
high compared to other group interventions for patients with a psychotic disorder in 
which 50% of the participants attended 2/3 of sessions (Beebe et al., 2009) and 22.9% 
attended at least half of the sessions (McGuire et al., 2013). 

Based on evaluations by participants, the body-oriented therapist, the experiential 
expert, the kickboxing expert and the researchers that developed the intervention, we 
applied several adaptations to the therapy protocol for the subsequent RCT. Multiple 
repetitions of important themes and techniques were added to the protocol, more 
challenging exercises (e.g. high kick, sparring) were incorporated, an intensive work-
out on kickboxing pads at the end of each session was included into the protocol and 
time for discussion was reserved. In all, the frequency, duration and structure of the 
therapy were considered appropriate. 

According to the participants the therapy had a positive effect on identifying and 
setting boundaries, recognizing those of others, self-esteem, faith in own strength, 
confidence, recognizing dangerous situations, feelings of safety, and patients thought 
they had a lower chance of becoming a victim. Some participants noticed that they 
had lost weight and improved their endurance. To measure endurance and physical 
activity objectively we included a modified shuttle test and use of pedometers to the 
RCT. Furthermore, the explored outcome measures (IVM, CTS2, NAS-PI, STAXI and 
ISS) were considered suitable as participants were well able to understand them and 
assessors were able to apply them. 

Overall, BEATVIC was found to be a feasible therapy for people with a psychotic disorder. 
Small adjustments were made to the therapy protocol. Participants subjectively had 
the idea that BEATVIC had a positive effect on (risk factors of) victimization.

Subsequent study design

Based on the findings of the feasibility study in Chapter 2 we designed a multi-
center randomized controlled trial. We describe the research protocol of this study in 
Chapter 3. Six mental health care institutions in the Netherlands participated in the 
study. Patients were randomly assigned to either BEATVIC or Befriending. BEATVIC 
consists of twenty weekly  group sessions of 75 minutes  led by a therapist trained 
in body and movement oriented interventions (in the European literature called a 
psychomotor therapist, see www.psychomot.org/) and an expert by experience. All 
BEATVIC trainers received a train-the-trainer course consisting of four sessions of 
2,5 h during which most important exercises were trained and the most important 
background was discussed. When a BEATVIC group started, the study investigators 
and body-oriented therapist of the training team monthly visited a session in order 
to monitor the training and to supervise the onsite trainers. Similarly, the organizers 
of the befriending sessions were trained by the study investigators and were monthly 
supervised. Befriending consists of 20 social contact sessions in which participants 
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can socially interact with each other in an informal setting. Individual befriending has 
been used as a control treatment in several RCTs examining CBT for psychosis and has 
been proven a credible and acceptable control condition with regard to expectancy, 
enjoyment and therapy drop-out (Bendall et al., 2006). We chose to use an active 
control group in order to eliminate the effects of common intervention factors such 
as weekly social contact in a group. Based on a sample size calculation 48 participants 
per condition were required to find a medium effects size on our outcome measures 
with an alpha of 0.05 and a power of 0.80. Considering a drop-out of 25%, we aimed 
to include a total of 120 participants in our trial. 

Before, directly after (post), six months after (follow-up I), eighteen months after 
(follow-up II) and 30 months after (follow-up III) the intervention period patients 
complete an assessment conducted by independent blind assessors measuring risk 
factors of victimization, victimization incidents and generic outcomes (e.g. recovery, 
quality of life). In the short term we were primarily interested in risk factors of 
victimization as these were direct targets of the therapy. At follow-up we were mainly 
interested in actual victimization incidents: as these incidents do not occur often, it 
was expected that a change would be best detectable over a longer period of time. 
Secondary outcomes were generic outcomes such as quality of life, recovery, social 
functioning, trauma symptoms, physical activity and fitness. 

We added an MRI sub study in which we acquired both functional and structural scans 
to investigate underlying factors of victimization and of effects following BEATVIC. Of 
the total study sample of 120 participants we aimed to include 44 participants in this 
MRI sub study. Before and directly after (post) the intervention period participants 
were scanned while they performed two face processing tasks. We chose to use a 
task with brief presentation (600 ms) of individual angry, fearful and neutral faces to 
investigate quick implicit threat response. Previous studies examining implicit threat 
response in participants with a psychotic disorder also used angry and fearful face 
expressions (Kumari et al., 2011; Mason et al., 2016). While angry expressions signal a 
direct and immediate threat from a potential perpetrator, fearful expressions indicate 
a possible presence of a significant source of threat in the environment, as witnessed 
by others (Fridlund, 1994). To retain their attention on the task, participants had to 
indicate whether a presented face was male or female. In addition to an implicit task 
including brief individual face stimuli, we applied the Wall of faces task that contains 
a group of predominantly angry faces or predominantly happy faces presented for 
2000 ms. Participants explicitly have to indicate whether they detected more angry 
or happy faces. At baseline we aimed to investigate neural correlates of angry face 
processing in relation to victimization, at post assessment we were interested in 
effects of BEATVIC on brain regions involved in emotional processing since this was a 
target of the treatment. This dissertation concerns assessments before, directly after 
and 6 months after the intervention period. 
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Behavioral results of BEaTViC

The effects of BEATVIC on risk factors, victimization incidents and general outcomes 
are presented in Chapter 4. While our study protocol in Chapter 3 specified a desired 
inclusion of 120 participants, a total of 105 participants were included which resulted 
in a lower power than anticipated. These participants were allocated to one of eighteen 
treatment groups (nine BEATVIC, nine befriending). Of the initial 105 participants, 77% 
completed the post-assessment and 70% participated in the follow-up I assessment. 
Study drop-out rates are similar to respectively those of other non-pharmacological 
(20%; (Szymczynska et al., 2017)) and pharmacological studies (30%; (Leucht et al., 
2014) including individuals with a psychotic disorder. With regard to therapy drop-
out, 28% of the 53 participants discontinued BEATVIC and 40% out of 52 participants 
discontinued Befriending. Especially for befriending these rates were higher than 
expected based on previous studies (Bendall et al., 2006). 

Intention-to-treat multilevel analyses revealed no differences between the BEATVIC 
group and the befriending group directly after and six months after the intervention 
period on our outcome measures. Sensitivity analyses with participants that had 
participated ≥ 75% of the sessions revealed similar results. While participants in the 
feasibility study had indicated that BEATVIC may have a positive effect on risk factors 
and the chance of victimization by means of subjective questions, based on validated 
questionnaires in the RCT no effects following BEATVIC were found. These findings 
are in contrast with for example studies reporting positive effects of physical exercise 
interventions on self-esteem, self-efficacy, social skills, positive and negative symptoms 
and physical outcomes in people with a psychotic disorder (Holley et al., 2011; 
Malchow et al., 2013; Scheewe et al., 2013). With regard to victimization, de Waal et 
al. (2018) reported at least a 50% reduction in the number of past-year victimization 
incidents at 14-month follow-up after a group training focused on enhancing emotion 
regulation skills, conflict resolution skills and street skills compared to care as usual. 
However, future analyses on our second and third follow-up assessment have to 
reveal whether BEATVIC has an effect on victimization in the long term. Although 
this particular study does not provide evidence for BEATVIC as an effective therapy, it 
may be too early to draw definite conclusions and disregard the approach altogether, 
which may be premature. In the General considerations section we will elaborate on 
possible explanations for these null findings.

neural correlates of victimization

In Chapter 5 baseline results of the MRI substudy were described. Because emotional 
face processing has been suggested to be associated with victimization in this patient 
group (Baas et al., 2008; DePrince, 2005b), a group of victimized participants (n=19) 
and a group of non-victimized participants (n=20) underwent MRI scanning, during 
which they viewed angry and neutral facial expressions. While GLM analysis and gPPI 
analysis yielded no differences in respectively brain activation and brain connectivity 
in response to angry faces between a group of victimized and a group of non-
victimized participants, ICA revealed more deactivation of the sensorimotor network 
in victimized patients.  
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The lack of GLM and gPPI findings are in contrast with studies reporting differential 
brain activation to facial expressions between traumatized and non-traumatized 
groups (Cisler et al., 2014; Crozier et al., 2014; Garrett et al., 2012). However, 
although victimization may be considered as a form of trauma, these studies included 
participants with subsequent PTSD symptoms indicating a large impact on their 
mental wellbeing, which may have resulted in a more severely disabled sample in 
comparison to our participant sample. Furthermore, groups sizes in our study were 
rather small, considering the heterogeneous nature of the sample with regard to 
illness duration and illness severity. 

In comparison to GLM and gPPI analyses,  ICA analysis, which enables identification 
of networks in a data-driven manner, is more sensitive to detect subtle differences 
between participants (Koch et al., 2009). Decreased activation in sensorimotor regions 
and decreased connectivity within the sensorimotor network has been associated 
previously with the common symptom ‘freezing of gait’ in patients with Parkinson’s 
disease, which refers to a brief abortion of movement (Mi et al., 2017; Shine et al., 
2013). Deactivation of the sensorimotor network in victimized participants may 
resemble to some extent the freeze response reported in traumatized individuals in 
response to threat (Hagenaars et al., 2012; Roelofs et al., 2010). Freezing is a common 
type of defense behavior alongside fight and flight that occurs in response to (the 
anticipation of) threat and is considered to play a role in threat-related disorders such 
as PTSD (Hagenaars et al., 2008; Rizvi et al., 2008). Indeed, Hagenaars et al. (2012) 
found stronger freezing reactions to aversive IAPS pictures in previously traumatized 
individuals compared to people who had never experienced an aversive life event (e.g. 
sexual or physical assault, serious accidents). 

In summary, compared to non-victimized participants with a psychotic disorder, 
patients with a history of recent victimization show more deactivation of the 
sensorimotor network in response to angry faces. This finding indicates a freezing 
response previously observed in traumatized individuals in response to threat 
(Hagenaars et al., 2012; Roelofs et al., 2002). Since the sensorimotor network is 
associated with victimization, changes in this network should be investigated 
following BEATVIC, which aims to prevent (re)victimization.

neural effects of exercise interventions

As physical exercise is a key component of BEATVIC, it was considered worthwhile to 
perform a systematic review on the neural effects of physical exercise interventions 
in psychotic disorder and in healthy individuals in Chapter 6. Although a large body 
of research has revealed positive effects of physical exercise on behavioral, cognitive 
and physical outcomes (Dauwan et al., 2016; Firth et al., 2015) and emerging evidence 
shows meaningful neural effects (Firth et al., 2018), a systematic search yielded only 
nine studies concerning psychotic disorders and six studies on healthy individuals. 
We found that the majority of studies focused on hippocampal volume or functioning, 
reporting beneficial effects of physical exercise. In addition, in psychosis increased 
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extrastriate body area (EBA) activation (Takahashi et al., 2012) and increased white 
matter fiber integrity in tracts relevant to the disorder were found (Svatkova et al., 
2015). In healthy individuals decreased connectivity of the dorsolateral prefrontal 
cortex (DLPFC) indicating greater cognitive efficiency was reported (Tao et al., 
2017). Comparing individuals with a schizophrenia spectrum disorder and healthy 
individuals, most studies found similar effects for both groups although the effect in 
schizophrenia spectrum disorders may be attenuated which is in line with previous 
literature on brain plasticity (Reif et al., 2006b; Schmitt et al., 2015). 

Overall we found beneficial neural effects of exercise interventions, although results 
seem inconsistent across studies due to differences between the included studies. As 
a result of limitations of the studies we formulated several suggestions and directions 
for future research at the end of Chapter 6. Three of these suggestions were directly 
relevant for our subsequent study on neural effects of BEATVIC: 1) an average weekly 
exercise frequency of at least two times a week and a duration of at least twelve weeks 
might be the minimum to detect neural changes; 2) it is recommended to use a control 
condition in which participants receive the same amount of attention and face-to-face 
interaction to exclude a Hawthorne effect (Mccambridge et al. 2014); 3) future studies 
should expand their focus, by investigating neural mechanisms underlying positive 
effects of physical exercise on positive symptoms, negative symptoms and symptoms 
such as depression, social withdrawal and social cognition. Consequently, we did 
not expect changes in hippocampal volume following BEATVIC as the frequency of 
exercise was only once a week (1), we added befriending as an active control condition 
(2), and with regard to the last suggestion (3), instead of focusing on the hippocampus 
special emphasis was on the effect on neural mechanisms underlying emotional face 
processing (dimension of social cognition).

neural effects of BEaTViC

In Chapter 7 we examined effects of BEATVIC on brain regions involved in emotional 
processing. This is of relevance, since emotional face processing has been suggested 
to be associated with victimization and social cognition in general is an important 
treatment target. While we were the first to investigate BEATVIC, several previous 
studies examined neural effects of social cognition training (SCT), which also targets 
social cognition and emotional face processing. Because earlier studies on SCT in 
psychosis reported increased activation of early visual processing areas, frontal areas, 
and facial expression recognition areas such as the insula and amygdala (Eack et al., 
2010; Habel, Chechko, et al., 2010; Keshavan et al., 2011), it was hypothesized that 
BEATVIC would lead to increased activation in these areas as well. Furthermore, as 
we found stronger deactivation of the sensorimotor network during processing of 
angry faces in a victimized group of patients in Chapter 5, we additionally explored the 
effect of BEATVIC on the sensorimotor network. Based on the review of neural effects 
following exercise interventions in Chapter 6, we checked whether there was an effect 
on hippocampal volume (for reasons of comparison), although no effect was expected. 
Indeed, no differences in hippocampal volume nor gray matter and white matter 
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between the BEATVIC group (n=19) and the Befriending group (n=20) following the 
intervention period were found. Hence, brain volume was not included as a covariate 
in further analyses. GLM analyses also yielded no differences between groups over 
time. This may be partly explained by the small sample size. Most previous fMRI 
studies on social cognition training or brain stimulation interventions in psychosis 
included around 20 participants (Bais et al., 2017; Habel et al., 2010; Hooker et al., 
2012; Luckhaus et al., 2013), which is still modest. In line with our hypotheses, ICA 
revealed increased activation of the salience network to threatening faces in BEATVIC 
compared to Befriending. A trend for increased activation of the (medial) visual 
network to (a group of predominantly) angry faces, and decreased deactivation in the 
sensorimotor network in response to fearful faces in BEATVIC was observed. Thus, 
while we found more deactivation of the sensorimotor network in a group of victimized 
patients in Chapter 5, BEATVIC resulted in a trend of decreased deactivation of this 
network. To aid interpretation of these findings, we propose that increased activation 
of the salience network and visual network may suggest more elaborate processing 
of visual information and/or an increased alertness for potentially dangerous faces. 
Decreased deactivation in the sensorimotor network might indicate a reduced 
tendency for “freezing” and enhanced action readiness in response to indirect threat. 
Further studies are needed to confirm these suggestions.

gEnEral ConSiDEraTionS

When reflecting on findings in this dissertation it is important to consider choices and 
characteristics regarding the study design of the included studies. Key aspects that 
warrant discussion concern sample characteristics, outcome measures and direction 
of causality.           
                                              
Sample characteristics

In the studies presented in this dissertation participants were not specifically selected 
based on risk factors of victimization. While in the intake assessment eligibility was 
evaluated based on study selection criteria, risk factors  were not investigated because 
the patient group in general has a priori increased chances of victimization. Indeed in 
the feasibility study (Chapter 2) 75% of the participants had been victimized five years 
preceding assessment and 21% in year preceding assessment, in the RCT (Chapter 
4) 57% had been victimized and in the MRI study (Chapter 5 and 7) roughly 48,7% 
had been the victim of personal crime five years preceding assessment. However, 
whereas in Chapter 5 (baseline MRI results) the non-victimized and victimized group 
of participants were evenly distributed enabling comparison between these groups, 
in Chapter 2 (feasibility study), Chapter 4 (RCT) and Chapter 7 (MRI post results) this 
may have resulted in a study sample also including participants that were not per 
se prone to victimization. For example, patients that already had high levels of self-
esteem, assertiveness and empowerment and experienced no problems with social 
functioning. For a portion of the participants this might have led to a ceiling effect, in 
which few space was left to improve following an intervention. In addition, because 
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of exclusion criteria (e.g. severe psychotic symptoms, substance dependence, co-
morbid neurological disorder, co-morbid personality disorder, estimated IQ <70 and 
pregnancy) the samples may have precluded the most severely ill patients. Moreover, 
participants were excluded in case of substance dependence or personality disorder, 
while these characteristics were found to play a role in victimization in patients with 
a psychotic disorder as well (de Vries et al., 2018a). However, we chose to exclude 
patients with these issues because they may hinder structural participation in groups. 
In forensic settings, such aggression regulation interventions are therefore sometimes 
offered individually (Davidson et al., 2019; Haddock et al., 2009; Ross et al., 2013). In 
addition, broader selection criteria might have led to more heterogeneous samples.

Indeed, heterogeneity of participants is another important topic for consideration 
regarding sample characteristics. What works in a certain way for one specific 
kind of patient, may lead to different outcomes for another individual. Opposite/
contradictory effects in for instance different (subgroups of) participants might cancel 
each other out. The BEATVIC study samples for example include both rather sub-
assertive individuals that experience difficulties standing up for themselves and more 
aggressive individuals that may evoke conflicts ultimately leading to victimization. In 
the MRI study (Chapter 5 and Chapter 7) these different types of participants may 
have responded differently to threatening faces. With regard to the feasibility study 
(Chapter 2) and RCT (Chapter 4) , while the latter might show increased control over 
externalized anger (e.g. ‘I keep my feelings under control’) and control over internalized 
anger (e.g. ‘I try to calm down’), the first type of participants may show decreased 
scores on these scales following BEATVIC. In a future study subgroup analyses may aid 
in unraveling whether and how BEATVIC affects different kinds of patients. In general, 
RCT designs, which are still considered the gold standard in studying treatment effect, 
are based on groups means . However, what is best for the ‘mean’ or ‘average’ patient, 
may not be best for specific patients. When it comes to treatment, the ‘one size fits all’ 
principle may not be the best approach (Dallery & Raiff, 2014). More homogeneous 
participant samples for example in terms of illness duration may provide more concise 
and accurate information on treatment effects for a particular narrow patient group. 
Another method to overcome this issue is by performing n=1 studies for example by 
means of the experience sampling method (ESM; Myin-Germeys et al., 2009; Verhagen 
et al., 2016).

outcome measures 

In the studies presented in the first part of this dissertation, in which we aimed to 
investigate the effect of BEATVIC on behavioral outcomes, we mostly used self-report 
questionnaires. Once per six months participants attended a 2,5 hour assessment 
during which they completed a test battery. While participants subjectively indicated 
that BEATVIC had a positive effect on risk factors (e.g. positive effect on identifying 
and setting boundaries, recognizing those of others, self-esteem, faith in own 
strength, confidence, recognizing dangerous situations etc.). In the pilot, nor in the 
RCT improvements were observed on the questionnaires. Although most studies 
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investigating therapies use these kinds of measures, common criticism concerns the 
limited nature of questionnaires. For example, self-report measures require insight in 
one owns behavior, they may be subject of social desirability bias or biases related to 
timing (Hogenelst et al., 2015; Wright, 2005). Questionnaires, like many evaluation 
methods are completed after the occurrence of an event so participants may forget 
important issues resulting in recall bias. However, selected questionnaires were well 
considered and were proven reliable and valid.
In the second part of this dissertation we investigated neural correlates of victimization 
and assessed neural changes following BEATVIC using two emotional face processing 
tasks. The emotional faces task consisted of brief presentation (600 ms) of angry, 
neutral, fearful and happy facial expressions and was used to investigate a threat-
response. The Wall of faces task contained trials with a ‘wall’ of 32 faces with either 
more angry or more happy faces, more male or female faces or an equal amount 
of both types of faces to examine processing of a group of threatening faces. While 
both tasks have been used previously (Fisher et al., 2014; Simmons et al., 2006) and 
such emotional face paradigms are often used, they may lack personal relevance and 
ecological validity (Hogenelst et al., 2015). An attempt to solve the latter may be to 
show pictures or video clips of actual groups of people in a certain context, or to apply 
Virtual Reality in the scanner.

Direction of causality

BEATVIC was developed based on pre-defined associated factors of victimization 
derived from the literature. While according to a meta-analysis it seems evident that 
certain factors are risk factors that may increase chances of subsequent victimization 
(de Vries et al., 2018a), it is also plausible that several factors from the victimization 
model are consequences of victimization. The direction of causality presumably stands 
out most in our study on neural correlates of victimization (Chapter 5), in which brain 
response to threatening emotional faces were investigated. While aberrant emotional 
face processing may for example result in the inability to detect threat and act adequate 
accordingly, victimization itself might induce alterations in threatening emotional face 
processing. As we used a cross-sectional design in this substudy, the direction of the 
association remains to be further elucidated.

CliniCal imPliCaTionS 

Our findings on victimization prevalence in people with a psychotic disorder are 
in line with results from previous studies (de Vries et al., 2018b; Kamperman et 
al., 2014a) and emphasize the urgent need for an intervention. Victimization can 
have a large impact on people’s lives, and may lead to for example substance abuse, 
depression (Fisher et al., 2017), self-stigma (Horsselenberg et al., 2016), more severe 
symptomatology and poorer illness outcome (Newman et al., 2010). Furthermore, 
victimization is a form of trauma and may cause PTSD symptoms. Indeed, findings 
from our MRI study on neural correlates of victimization could be interpreted from 
this perspective: we observed more deactivation of the sensorimotor network, 
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which may be regarded to be consistent with a freezing response previously seen in 
individuals with PTSD symptoms. While there are effective evidence based trauma-
focused therapies for people with a psychotic disorder (van den Berg et al., 2015) 
also leading to a reduction of revictimization (van den Berg et al., 2016), prevention 
of victimization in the first place is eligible above having to remediate the debilitating 
consequences. This dissertation further underlines the importance of a preventive 
intervention and considerations regarding our sample characteristics implicate that 
such an intervention should be offered primarily to individuals who are at risk based 
on risk factors of victimization.

In the feasibility study presented in Chapter 2 patients subjectively indicated that 
BEATVIC had a positive effect on identifying and setting boundaries, recognizing 
those of others, self-esteem, faith in own strength, confidence, recognizing dangerous 
situations, feelings of safety, and participants thought they had a lower chance of 
becoming a victim. Furthermore, our interpretation of a possible freezing response 
in Chapter 5 may imply that exercises focused on fight, flight and freeze reactions in 
BEATVIC may be valuable. Moreover, Chapter 7 on neural effects revealed that BEATVIC 
led to increased activation of the salience network and a trend for increased activation 
in the visual network and decreased deactivation of the sensorimotor network. These 
findings imply more elaborate processing of visual information and/or an increased 
alertness for potentially dangerous faces, and enhanced action readiness in response 
to indirect threat. However, in contrast to subjective experiences and neural findings,  
we found no effects of BEATVIC on validated questionnaires regarding (risk factors 
of) victimization, physical variables and more general outcomes. Study limitations 
discussed in the general considerations sections might play a role in the lack of 
findings. Although this dissertation does not provide evidence for BEATVIC as an 
effective therapy, the included studies do not allow for definite conclusions, and it may 
be worthwhile to perform further research.

Exercise interventions in general were found to have a positive neural effect in people 
with a psychotic disorder and healthy individuals in our systematic review presented 
in Chapter 6. Since exercise interventions have been proven effective, their importance 
should be emphasized in clinical practice by implementation in mental health care. 
Exercise interventions and body-oriented interventions have been recommended in 
the Dutch treatment guidelines for psychotic disorders (GGZrichtlijnen). However, 
it seems challenging to activate people with schizophrenia spectrum disorder. Many 
of the desirable outcomes of exercise, such as mood improvement, stress reduction 
and increased energy, are inversely related to the experienced barriers of depressed 
mood, stress and fatigue some patients cope with (Firth et al., 2016). Providing more 
help of professionals specialized in body- and movement oriented interventions like 
psychomotor therapists to identify and achieve exercise goals may enable patients to 
overcome psychological barriers, and maintain motivation towards regular physical 
activity.
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DirECTionS for fuTurE rESEarCh
Based on the considerations presented above, I formulated several recommendations 
for future studies. In terms of continuing our own research,  the effect of BEATVIC on 
victimization incidents in the long term, at follow-up II and follow-up III, needs to be 
assessed as incidents do not occur quite frequently. Additionally, it seems valuable 
to elaborate on patient characteristics, exploring whether and how BEATVIC affects 
certain subgroups or types of patients by means of moderator and mediator analyses. 
It is recommended to perform sensitivity analyses on a more severely ill subgroup 
or on ‘high risk’ patients that have been victimized previously and score high on 
associated factors. 

Another important recommendation regarding study samples concerns addition of 
a healthy control group, especially in MRI studies. Although there is clear evidence 
that individuals with a psychotic disorder have difficulties with facial expression 
recognition and processing without a healthy control group, it is not possible to 
determine whether the differences in activation between the victimized and non-
victimized groups in Chapter 5 are specific to patients with psychosis. The same 
holds for the neural effect reported in Chapter 7: increased activation of the salience 
network and visual network might indicate that BEATVIC normalizes activation in the 
(medial) visual network and the salience network, however, to confirm this, a future 
study including a healthy control group is needed.

Furthermore, future studies are recommended to use more fine-grained and 
ecologically valid measures as opposed to rather general and inflexible questionnaires 
(Hogenelst et al., 2015). For example, ESM allows for frequently repeated sampling of 
affect, thoughts and experiences, with the purpose to investigate temporal dynamics 
and relationships in a naturalistic setting (Myin-Germeys et al., 2009). On a related 
note, for MRI studies it might be valuable to explore possibilities for more ecologically 
valid tasks for example by the use of Virtual Reality. In addition to its application of 
an outcome measure or diagnostic tool, VR also enables patients to experiment with 
behaviour and practise with skills in a more realistic setting. Therefore, VR seems very 
suitable to implement in an intervention targeted at victimization (Klein Tuente et al., 
2018).     

Finally, there is a great need for prospective longitudinal research to investigate the 
direction of causality between associated factors of victimization and the occurrence 
of victimization incidents. Particularly, building upon our cross-sectional study, future 
studies need to determine the (bi)directional relationship between threatening 
emotional face processing and victimization.

Concluding remarks

In this dissertation we assessed the efficacy of a body-oriented resilience therapy 
aimed at preventing victimization of individuals with a psychotic disorder by targeting 
associated factors. Participants subjectively indicated a positive effect of BEATVIC on 
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Text box 1. Overview of main findings

Part I
-  BEATVIC is a feasible therapy: therapists are willing to refer their   
 patients and patients are inclined to participate (Chapter 2).

- Patients subjectively indicate that BEATVIC has a positive effect on   
 (associated factors of) victimization (Chapter 2).

- BEATVIC revealed no short term effects on associated factors of   
 victimization as measured with validated questionnaires (Chapter 4).

Part II
- Compared to a non-victimized group of patients with a psychotic   
 disorder, a victimized group of patients showed more deactivation   
 in the sensorimotor network to angry facial expressions indicating a  
 ‘freeze’ response  to threatening information (Chapter 5).

- Exercise interventions have a positive effect on hippocampal volume,  
 activation and connectivity, extrastriate body area activation and white  
 matter fiber integrity in patients with schizophrenia  (Chapter 6).

- Neuroimaging studies on exercise interventions should expand   
 their focus by investigating neural mechanisms underlying positive   
 effects of physical exercise on behavioral outcomes (Chapter 6).

- Compared to Befriending, BEATVIC showed increased activation in the  
 salience network and a trend for increased activation in the visual   
 network and decreased deactivation of the sensorimotor network   
 (Chapter 7).

identifying and setting boundaries, recognizing those of others, self-esteem, faith in 
own strength, confidence, recognizing dangerous situations and risk of victimization. 
Furthermore, findings of more deactivation in the sensorimotor network in victimized 
patients, possibly indicating a ‘freeze’ reaction in response to angry faces, imply that 
BEATVIC may be valuable as the intervention includes exercises focused on fight, flight 
and freeze reactions. Moreover, at the neural level, although no effects were found on 
the questionnaire measures, BEATVIC resulted in increased activity in the salience 
network and a trend for increased activation of the visual network and decreased 
deactivation in the sensorimotor network. These findings are in need of replication 
and thus caution is needed in interpreting them. They may indicate more elaborate 
processing of visual information and/or an increased alertness for potentially 
dangerous faces, and enhanced action readiness in response to indirect threat. 
Although this dissertation does not provide compelling evidence for BEATVIC as an 
effective therapy, the performed studies also do not allow the conclusion to disregard 
this approach. We consider it worthwhile to perform further research based on 
recommendations derived from methodological considerations regarding sample 
characteristics and outcome measures. 
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“Marja Krijnen was begin 20 toen ze geleidelijk wegdreef van de realiteit. 
Onder druk van studie en familieproblemen begon ze stemmen te horen, zag 
ze mensen die er niet waren en raakte ze in de ban van bizarre details, zoals 
van teksten op auto’s als ‘Reparatiebedrijf Jansen & Jansen’. Ze werd eenzamer, 
ongelukkiger en leefde meer en meer in een eigen wereld.

‘Ik voelde me heel kwetsbaar’, zegt Krijnen, nu in de 40. ‘Je schat situaties 
verkeerd in en komt nauwelijks voor jezelf op. En dat straalt op één of andere 
manier van je af, je bent vleugellam voor iedereen die kwaad in de zin heeft. 
Om de stemmen te ontvluchten, nam ik soms lukraak een trein, zonder de 
praktische consequenties te overzien. Eén keer strandde ik ’s nachts op het 
station in Brussel, een vreselijke sfeer, ik ben daar aangerand. Een andere keer, 
in Parijs, liep ik in een winkelstraat, toen een man me bij m’n arm greep en me 
een hotel in sleurde. Ik bevroor en liet het allemaal gebeuren. Ik heb daarna 
geen aangifte gedaan van seksueel misbruik. De grens tussen normaal en 
abnormaal was ik uit het oog verloren.’
Niet lang daarna vond ze op een ochtend een baksteen in de woonkamer, de 
ruit compleet aan diggelen. ‘Ik weet niet zeker of die steen voor mij persoonlijk 
was bedoeld, maar een normaal mens zou de politie hebben gebeld en daarna 
een glaszetter. Maar dat lukte mij allemaal niet. Het eerste wat ik dacht was: 
wegwezen hier, ik trok de voordeur achter me dicht en ging naar mijn moeder.’

Over al deze incidenten sprak ze met niemand. ‘Uit schaamte, denk ik, en om de 
schone schijn op te houden. Niemand mocht in de gaten krijgen dat het slecht 
met me ging, want dan moest ik zelf ook erkennen dat mijn leven in puin lag.“

Bron: Timmermans, M. (2018, 8 juni). ‘Schizofreniepatiënten krijgen kickboksles om minder 
kwetsbaar te worden’. Volkskrant. https://www.volkskrant.nl/wetenschap/ schizofreniepatient-
en-krijgen-kickboksles-om-minder-kwetsbaar-te-worden~bb143d35/

In films, in de krant en in andere media wordt vaak een link gelegd tussen psychose 
en agressie of geweld. Maar in tegenstelling tot wat films als Shutter Island (waarin 
de hoofdpersoon tijdens een psychose zijn vrouw vermoord) en nieuws over Bart 
van U. doen vermoeden, zijn mensen met een diagnose in het psychose spectrum 
veel vaker slachtoffer dan dader van een misdrijf (Bengtsson-Tops & Ehliasson, 
2012; Dean et al., 2007). Hoewel dit een grote impact kan hebben op het leven van 
deze mensen, is er op dit moment geen bewezen effectieve interventie voorhanden 
om victimisatie te voorkomen. Daarom hebben we een psychomotorische 
weerbaarheidstherapie ontwikkeld, gestoeld op in de literatuur beschreven mogelijke 
risicofactoren voor victimisatie. In dit proefschrift hebben we met behulp van  een 
pilot studie gekeken naar de haalbaarheid van de therapie en vervolgens hebben 
we door middel van een grootschalig gerandomiseerd onderzoek effecten op 
gedragsniveau (geweldsincidenten, risicofactoren en generieke maten) onderzocht. 
Daarnaast hebben we een fMRI studie uitgevoerd om meer zicht te krijgen op welke 
hersengebieden of hersennetwerken geassocieerd zijn met victimisatie van mensen 
met psychose, en wat het effect van de psychomotore therapie is op hersenniveau. 
Omdat er in de therapie veel bewogen wordt hebben we eerdere onderzoeken naar 
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het effect van fysieke activatie interventies op het brein van mensen met psychose en 
gezonde mensen samengevoegd in een review.

BrEDErE ConTExT: hET nWo onDErzoEkSProgramma

Mensen met psychiatrische problematiek in het algemeen lopen een verhoogde 
kans om slachtoffer te worden van geweld (Teplin et al., 2005). In een grootschalig 
Nederlands epidemiologisch onderzoek rapporteerde bijvoorbeeld bijna de helft van 
de deelnemers met chronische (> 2 jaar) psychose, bipolaire stoornis of depressieve 
stoornis dat zij slachtoffer waren geweest in het voorgaande jaar (Kamperman et 
al., 2014b). Bovendien liet een recente longitudinale studie zien dat psychiatrische 
symptomen voorspellend waren voor het rapporteren van fysieke victimisatie (Bhavsar 
et al., 2018). Omdat steeds meer onderzoek aantoont dat mensen met een psychische 
diagnose vaak het slachtoffer zijn van geweld, zette de Nederlandse organisatie voor 
Wetenschappelijk Onderzoek (NWO) in 2013 het onderzoeksprogramma ‘Geweld 
tegen psychiatrische patiënten’ op. Het doel van dit programma is meer inzicht krijgen 
in de aard van victimisatie, het in kaart brengen van de mogelijke risicofactoren en het 
ontwikkelen en onderzoeken van interventies om victimisatie te voorkomen. Er zijn 
vijf onderzoeksprojecten gehonoreerd, elk gefocust op een andere patiëntengroep: 
de SOS studie voor mensen met een dubbele diagnose (de Waal et al., 2015), het 
VICTORIA project voor mensen  met ernstige psychiatrische aandoeningen (Albers et 
al., 2018), de VRAPT studie voor mensen in de forensische psychiatrie (Klein Tuente 
et al., 2018), het ALERT onderzoek bij mensen met een depressie (Christ et al., 2018b) 
en de BEATVIC studie voor mensen met een diagnose in het psychose spectrum (E.C.D. 
van der Stouwe et al., 2016). Dit proefschrift betreft de BEATVIC studie, gericht op 
mensen met een psychotische kwetsbaarheid.

PSyChoSE

Volgens het handboek voor de classificatie van psychische stoornissen (DSM 5, APA) 
worden diagnoses in het schizofrenie spectrum (zie tekstvak 1) gekenmerkt door 
wanen en hallucinaties, negatieve symptomen en cognitieve problemen (van Os & 
Kapur, 2009). Hallucinaties worden gedefinieerd als zintuigelijke waarnemingen in 
de afwezigheid van een externe stimulus (b.v. zoals het horen van stemmen terwijl er 
niemand praat). Wanen betreffen uiterst stellige overtuigingen die meestal berusten 
op een misinterpretatie van waarnemingen of ervaringen (zoals het gevoel hebben 
dat je achtervolgd wordt of dat boodschappen op televisie speciaal voor jou zijn 
bedoeld), die niet kunnen worden begrepen op basis van iemands sociale of culturele 
achtergrond. Meer dan de helft van de patiënten met een psychotische aandoening 
heeft last van zogenaamde negatieve symptomen: verschijnselen, gedragingen of 
gevoelens die minder (of helemaal niet meer) aanwezig zijn (Patel, Jayatilleke, Jackson, 
Stewart, & Mcguire, 2014; Tsapakis, Dimopoulou, & Tarazi, 2015). Voorbeelden hiervan 
zijn: geen plezier meer beleven aan dingen die je vroeger wel leuk vond (anhedonie), 
geen initiatief meer kunnen nemen en geen motivatie meer hebben om betekenisvolle 
doelen na te streven (avolitie) en verminderde spraak (alogie). Daarnaast krijgen 
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sommige patiënten te maken met beperkingen in het cognitief functioneren, zoals 
problemen met aandacht en geheugen, een vertraagde informatieverwerking en 
beperkingen in executief functioneren (plannen en uitvoeren van taken) en in de 
sociale cognitie (het begrijpen van de sociale cues in het contact met anderen) (Owen, 
Sawa, & Mortensen, 2016).

Tekst vak 1. DSM 5 Schizophrenie spectrum en andere psychotische stoornissen
(American Psychiatric Association, 2013)

-  Waanstoornis
-  Kortdurende psychotische stoornis
-  Schizofreniforme stoornis
-  Schizofrenie
-  Schizoaffectieve stoornis
-  Psychotische stoornis door een somatische aandoening
-  Psychotische stoornis door een middel/medicatie
-  Katatonie bij een andere psychische stoornis
-  Katatonie stoornis door een somatische aandoening
-  Ongespecificeerde katatonie
-  Andere gespecificeerde schizofreniespectrum- of andere psychotische stoornis
-  Ongespecificeerde schizofreniespectrum of andere psychotische stoornis

Wereldwijd wordt ongeveer één op de 150 mensen gedurende hun leven 
gediagnosticeerd met een psychotische stoornis (Berta Moreno-Küstner et al., 2018). 
De oorsprong van psychotische stoornissen moet nog verder worden ontrafeld, 
maar er wordt verondersteld dat een combinatie van genetische kwetsbaarheid, 
omgevingsfactoren en psychische factoren een rol spelen in het ontstaan van 
symptomen. Vaak zien we symptomen bij mannen voor het eerst wanneer zij begin 
twintig zijn, en bij vrouwen gemiddeld een aantal jaren later (Kirkbride et al., 2006; van 
Os and Kapur, 2009). De incidentie ligt hoger voor mannen tot het midden-dertigste 
levensjaar, en hoger voor vrouwen na hun midden-veertigste vanaf de menopauze  
(Aleman et al., 2003; Kirkbride et al., 2012). Psychose spectrum stoornissen kunnen 
van grote invloed zijn op het leven van patiënten, door belastende symptomen maar 
ook door fysieke gezondheidsproblemen en sociale problemen. In vergelijking met 
de algemene bevolking hebben patiënten vaker te maken met metabool syndroom 
(Mitchell et al., 2013), type twee diabetes (B. Stubbs et al., 2015) en cardiovasculaire 
aandoeningen (Gardner-Sood et al., 2015). Wat betreft sociaal functioneren ervaren 
mensen met een psychotische stoornis vaak problemen bij school of studie, werk, 
relaties en vriendschappen. Daarnaast kunnen patiënten te maken krijgen met stigma 
wat kan leiden tot verminderde sociale participatie waardoor mensen in een sociaal 
isolement terechtkomen (Rössler et al., 2005).
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ViCTimiSaTiE in PSyChoSE

Prevalentie

Prevalentie cijfers van victimisatie incidenten bij mensen met een psychotische 
stoornis variëren tussen studies vanwege verschillen in karakteristieken van de 
onderzoeksgroep, operationalisatie van victimisatie en de uitgevraagde periode. Onze 
groep heeft in een review 27 studies samengevoegd waaruit bleek dat de mediaan 
van de jaar prevalentie 20% is voor gewelddadige victimisatie, 20% voor seksuele 
victimisatie, 19% voor niet-gewelddadige victimisatie en 19% voor victimisatie niet 
anders gespecificeerd voor een korte referentie periode (≤ 3 jaar; de Vries et al., 
2018). Wanneer incidenten gedurende de gehele volwassenheid werden uitgevraagd 
waren deze cijfers hoger, namelijk 66% voor gewelddadige victimisatie, 39% voor 
niet-gewelddadige victimisatie en 27% voor seksuele victimisatie. Bovendien bleek 
dat de prevalentie cijfers voor mensen met een diagnose in het psychose spectrum 
vier tot zes keer zo hoog zijn als voor mensen uit de algemene bevolking.

Victimisatiemodel

In de literatuur komen verschillende veronderstelde risicofactoren voor victimisatie 
van mensen met psychosen naar voren. Bij het ontwikkelen van een therapeutische 
interventie is het niet zinvol deze te richten op risicofactoren die slecht beïnvloedbaar 
zijn. In het model dat de basis vormde voor de nieuwe interventie hebben we dan ook 
met name factoren die potentieel veranderbaar zijn een plaats gekregen.  
Ten eerste zijn sociaal cognitieve problemen opgenomen in het model; mensen met 
een psychotische stoornis hebben vaak moeite met het interpreteren van intenties 
of gevoelens van anderen wat zou kunnen leiden tot problemen in sociale interacties 
of over het hoofd zien van slechte intenties (DePrince, 2005a). Een andere factor is 
zelf-stigma, wat zowel een consequentie als een indirecte oorzaak van victimisatie 
kan zijn, via afname van zelfvertrouwen en assertiviteit  (Horsselenberg et al., 2016; 
Kleim et al., 2008; Livingston & Boyd, 2010). Andere mogelijke consequenties van 
victimisatie, zoals een verhoogde fysiologische response (Volavka & Citrome, 2011) 
en/of een afgevlakte ‘bevries’ reactie op stressvolle situaties (Hagenaars et al., 
2012), zijn ook opgenomen in het model. Verder blijkt uit literatuur dat in sommige 
gevallen slachtofferschap en daderschap hand in hand gaan en elkaar overlappen 
(Hodgins & Klein, 2017; Jennings et al., 2012). Preventie van het één kan het ander 
mogelijk voorkomen (Silver et al., 2011). Voor sommige patiënten met agressie-
regulatie problemen of verminderd ziekte inzicht, beide geassocieerd  met agressief 
gedrag (Ekinci and Ekinci, 2012), kan dit tot conflicten leiden die uiteindelijk kunnen 
resulteren in victimisatie (Witt et al., 2013). Daarom zijn beide aan het uiteindelijke 
victimisatie model toegevoegd als potentiele aanknopingspunten voor een interventie.

BEaTViC 

Op basis van dit victimisatie model is BEATVIC ontwikkeld, een psychomotorische 
weerbaarheidstherapie gefocust op sociaal cognitieve processen met elementen 
uit assertiviteitstraining en de vechtsport.  Door de psychomotorische  en daarmee 
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ervaringsgerichte benadering kunnen patiënten leren over hun natuurlijke reacties 
en kunnen zij vervolgens experimenteren met nieuw en sociaal adequaat gedrag 
(Probst, 2010; Röhricht, 2009). Aan de andere kant, door oefeningen met een partner 
uit te voeren of door anderen te observeren tijdens oefeningen leren deelnemers 
ook gedrag van anderen te interpreteren en lichaamstaal en gezichtsexpressies 
herkennen, wat belangrijke doelen zijn binnen sociale cognitie training. Onderzoek 
heeft aangetoond dat assertiviteitstraining een positief effect heeft op zelfvertrouwen, 
ervaren controle en assertiviteit (Brecklin, 2008; Hojjat et al., 2015). Oefeningen die 
vanuit assertiviteitstrainingen zijn overgenomen in BEATVIC gaan bijvoorbeeld over 
het aangeven van grenzen. Er is gekozen voor vechtsport als middel om mentale 
weerbaarheid te trainen omdat er positieve effecten van vechtsport op weerbaarheid, 
zelfvertrouwen en agressie regulatie gevonden zijn (Hasson-Ohayon et al., 2006; Moore 
et al., 2018). We hebben specifiek voor kickboksen gekozen omdat de technieken 
relatief goed te doen zijn ongeacht iemands fysieke conditie waardoor er meer kans 
is op succeservaringen wat het zelfvertrouwen zou kunnen vergroten. Bovendien is 
kickboksen een populaire sport die bij veel reguliere sportscholen wordt aangeboden. 
Dat maakt kickboksen aantrekkelijk en destigmatiserend wat kan bijdragen aan 
therapiegetrouwheid.

BEATVIC wordt gegeven door een psychomotorisch therapeut en een 
ervaringsdeskundige. In de geestelijke gezondheidszorg worden in de laatste decennia 
steeds vaker ervaringsdeskundigen betrokken. Hoewel er meer onderzoek nodig is 
laten studies tot zover zien dat ervaringsdeskundigen van zeer belangrijke toegevoegde 
waarde zijn met oog op reductie van (zelf) stigma, herstel en empowerment (Cook et 
al., 2012; van Vugt et al., 2012). Ervaringsdeskundigen kunnen dienen als rolmodel 
door te laten zien dat ze onafhankelijk van een diagnose de regie in eigen handen 
kunnen nemen. 

haalbaarheid van BEaTViC

Ter voorbereiding op het gerandomiseerde gecontroleerde onderzoek naar de 
effectiviteit van BEATVIC  hebben we een pilot studie uitgevoerd, die we beschrijven 
in hoofdstuk 2. De doelen van deze studie waren drieledig: a) bekijken van de 
haalbaarheid van de therapie, b) evalueren van het therapie protocol en c) exploreren 
van geschikte uitkomstmaten voor de gerandomiseerde effect trial. 

In twee maanden tijd zijn 155 patiënten bij het Psychosecircuit van GGZ-Drenthe 
uitgenodigd voor deelname, wat resulteerde in drie groepen van elk acht deelnemers. 
Het  korte tijdsbestek  waarin deze drie groepen gevuld waren impliceert dat therapeuten 
zeer bereid waren hun patiënten naar de therapie te verwijzen en dat patiënten 
op hun beurt bereid waren deel te nemen. Eens geïncludeerd waren deelnemers 
gemiddeld bij 85,3% van de therapie aanwezig, en 88% van de deelnemers heeft 
vijftien of meer sessies bijgewoond. Deze cijfers zijn hoog in vergelijking met andere 
groepsinterventies voor mensen met een psychotische stoornis waarbij bijvoorbeeld 
respectievelijk 50% van de deelnemers 2/3 van de sessies had bijgewoond (Beebe et 
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al., 2009) en 22,9% minstens de helft van de sessies (A.B. McGuire et al., 2013). Het 
therapie protocol is geëvalueerd door de deelnemers, de psychomotorisch therapeut, 
de ervaringsdeskundige, de kickboks expert en de onderzoekers. Op basis hiervan 
zijn een aantal aanpassingen in het therapie protocol doorgevoerd voor de RCT. Er 
zijn meer herhalingen van een aantal belangrijke thema’s en oefeningen toegevoegd, 
uitdagende oefeningen zijn uitgebreid (bv high kick, sparren) , er is een intensief rondje 
op de stootkussens aan het eind van elke sessie toegevoegd en er is meer tijd voor 
discussie naderhand gereserveerd. Meer algemeen werden de frequentie, de duur en 
de structuur van de therapie positief beoordeeld. De vragenlijsten (IVM, CTS2, NAS-PI, 
STAXI en IOA) werden geschikt geacht; de vragenlijsten waren goed te begrijpen door 
deelnemers en goed af te nemen door assessoren. Op de open evaluatie vragen gaven 
deelnemers aan zij het idee hadden dat de therapie een positief effect had op het 
stellen van grenzen, grenzen van anderen herkennen, zelfwaardering, zelfvertrouwen, 
geloof in eigen kracht, herkennen van gevaarlijke situaties, veilig voelen en kans 
om gevictimiseerd te worden. Daarnaast merkten sommige deelnemers dat zij 
waren afgevallen en een betere conditie hadden gekregen. Om conditie en activiteit 
objectief te meten hebben we in de RCT een aangepaste ‘shuttle test’ en stappentellers 
toegevoegd. 

Samenvattend is de therapie haalbaar gebleken voor mensen met een psychotische 
stoornis. Er zijn enkele aanpassingen aan het protocol gedaan. Deelnemers waren 
enthousiast tijdens de sessies en hadden zelf het idee dat de therapie een positief 
effect heeft gehad op (risicofactoren van) victimisatie.

onderzoeksopzet rCT

Op basis van de bevindingen van de pilot studie uit Hoofdstuk 2 hebben we een 
studie design ontworpen voor de multicenter gerandomiseerde gecontroleerde 
effect studie. In hoofdstuk 3 hebben we het onderzoeksprotocol beschreven. Zes 
GGZ instellingen, namelijk GGZ Drenthe, UCP, GGZ Friesland, Lentis, Dimence en 
Arkin, hebben deelgenomen aan het onderzoek. Deelnemers werden willekeurig 
toegewezen aan BEATVIC (experimentele groep) of befriending (actieve controle 
groep). BEATVIC bestaat uit twintig wekelijkse groepsbijeenkomsten onder leiding 
van een psychomotorisch therapeut en een ervaringsdeskundige. Alle BEATVIC 
trainers hebben een train-de-trainer cursus gevolgd, waarbij in vier sessies van 2,5u de 
belangrijkste achtergrond informatie is gegeven en de belangrijkste oefeningen werden 
getraind. De onderzoekers en psychomotorisch therapeut van het trainingsteam 
zijn maandelijks aangeschoven bij een sessie om de interventie te monitoren en de 
trainers van de verschillende instellingen te superviseren. Ook de organisatoren 
van de befriending sessies werden getraind en kregen maandelijkse supervisie. 
Befriending bestaat uit 20 sociaal contact bijeenkomsten in een informele sfeer om 
te controleren voor wekelijks sociaal contact in een groep. Individuele befriending 
is eerder gebruikt als controle conditie in een aantal RCTs om de effectiviteit van 
cognitieve gedragstherapie te onderzoeken en is een acceptabele controle conditie 
gebleken wat betreft verwachtingen, plezier en therapie uitval (Bendall et al., 2006). 
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We hebben voor een actieve controle groep gekozen om te corrigeren voor algemene 
factoren zoals wekelijks sociaal contact in een groep. Op basis van een steekproef 
calculatie waren er 48 deelnemers per conditie nodig om met een alfa van 0.05 en een 
power van 0.80 een gemiddeld effect op onze uitkomstmaten te vinden.

Voor de interventieperiode, direct erna, zes maanden erna, achttien maanden erna 
en 30 maanden erna vonden metingen plaats waarbij risicofactoren van victimisatie, 
vicitmisatie incidenten en algemene uitkomsten werden gemeten. Op de korte 
termijn waren we in eerste instantie geïnteresseerd in het effect op risicofactoren van 
victimisatie omdat deze directe aanknopingspunten van de therapie vormen. Op lange 
termijn lag de focus op het effect op victimisatie incidenten zelf; omdat deze incidenten 
niet zo vaak voor komen verwachtten we dat veranderingen hierin alleen zouden zijn 
over een langere periode. Secundaire uitkomstmaten waren meer algemene maten 
zoals kwaliteit van leven, herstel, sociaal functioneren, trauma symptomen, fysieke 
activiteit en fitheid. In dit proefschrift komen de metingen voor, direct na en zes 
maanden na de interventie periode aan bod.

We hebben een MRI sub studie aan de RCT toegevoegd om te onderzoeken welke 
hersengebieden of netwerken gerelateerd aan sociaal cognitieve processen een rol 
spelen bij victimisatie en om effecten van BEATVIC op hersenniveau te bekijken. Van 
de totale onderzoeksgroep van 120 deelnemers hoopten we 44 deelnemers te kunnen 
includeren in de MRI sub studie. Voor en direct na de interventie-periode werden 
deelnemers gescand terwijl ze twee gezichtverwerkings taken uitvoerden. We ervoor 
gekozen een taak met korte presentatie (600 ms) van individuele boze, angstige en 
neutrale gezichten te gebruiken om een impliciete respons op dreiging te onderzoeken. 
Eerdere studies die naar een impliciete dreigingsrespons hebben gekeken bij mensen 
met een psychose gebruikten ook afbeeldingen van boze en angstige gezichten 
(Kumari et al., 2011; Mason et al., 2016). Waar boze gezichten een signaal zijn van 
directe dreiging van een potentiele misdadiger, wijzen angstige gezichten op een 
mogelijke bron van dreiging in de omgeving, waargenomen door anderen (Fridlund, 
1994). Om de aandacht van de deelnemers tijdens de taak te behouden kregen 
deelnemers de taak om op een knoppenkast aan te geven of een gezicht van een man 
of van een vrouw was. Naast een impliciete taak met kort aangeboden individuele 
gezichten hebben we de ‘Wall of Faces’ (muur van gezichten) taak gebruikt, waarbij 
een groep van voornamelijk boze of voornamelijk blije gezichten gedurende 2000 ms 
gepresenteerd worden. Deelnemers moesten hierbij expliciet aangeven of ze meer 
boze of meer blije gezichten zagen. Bij de voormeting wilden we onderzoeken welke 
hersengebieden of netwerken gerelateerd zijn aan victimisatie. Bij de nameting waren 
we geïnteresseerd in het effect van BEATVIC op hersengebieden die een rol spelen 
in emotionele gezichtsherkenning, omdat dit een direct aanknopingspunt van de 
therapie was. Dit proefschrift betreft metingen voor, direct na en zes maanden na de 
interventie-periode.
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BEaTViC effect op gedragsniveau

In hoofdstuk 4 presenteren we de resultaten van de multicenter effect studie. Terwijl 
we als doel hadden om 120 deelnemers te includeren, hebben we in totaal 105 
deelnemers kunnen includeren wat heeft geleid tot een lagere power dan verwacht. 
Deelnemers werden toegewezen aan één van achttien interventie groepen (negen 
BEATVIC, negen befriending). Van de initiele 105 deelnemers heeft 77% de nameting 
gedaan en heeft 70% deelgenomen aan de eerste follow-up meting. Deze studie 
uitval is gelijk aan de uitval van andere non-farmacologische (20%; Szymczynska 
et al., 2017) of farmacologische studies (30%; Leucht et al., 2014) met mensen met 
een psychotische stoornis. Wat betreft therapie uitval: 28% van de 53 deelnemers is 
uitgevallen bij BEATVIC en 40% van de 53 deelnemers is afgehaakt bij befriending. 
 
Multilevel analyses toonden geen verschillen tussen BEATVIC en befriending over 
tijd. Uit sensitiviteitsanalyses met deelnemers die ≥ 75% van de sessies hebben 
bijgewoond kwamen soortgelijke resultaten. Terwijl deelnemers in de pilot studie 
zelf het idee hadden dat BEATVIC een positief effect had op risicofactoren en de kans 
op victimisatie, hebben we op basis van gevalideerde vragenlijsten geen effecten 
gevonden. Deze bevindingen staan in contrast met studies die positieve effecten 
van bewegingsinterventies op zelfvertrouwen, sociale vaardigheden, positieve en 
negatieve symptomen en fysieke uitkomsten van mensen met een psychotische 
stoornis rapporteren. Een interventie specifiek gericht op victimisatie rapporteerde 
een reductie van victimisatie incidenten van 50%  14 maanden na een groepstraining 
gefocust op emotie regulatie in vergelijking tot standaardzorg. Analyses op onze tweede 
en derde follow-up metingen zullen moeten uitwijzen of BEATVIC een dergelijk effect 
heeft op victimisatie op lange termijn. Hoewel deze RCT geen bewijs levert voor de 
effectiviteit van BEATVIC is het wellicht te vroeg om definitieve conclusies te trekken. 
In de kritische overwegingen zullen we verder uitweiden over mogelijke verklaringen 
voor deze bevindingen.

neurale correlaten van victimisatie bij psychose

Omdat er tot nu toe alleen onderzoek is gedaan naar omgevings- en gedragsfactoren 
in relatie tot victimisatie en omdat psychotische stoornissen vaak gepaard gaan met 
veranderingen in het brein, ligt in het tweede deel van dit proefschrift de nadruk op 
het brein, en in het bijzonder op hersengebieden en hersennetwerken die gerelateerd 
zijn aan sociaal cognitieve processen.

In hoofdstuk 5 hebben we onderzocht welke hersengebieden of hersennetwerken 
een rol spelen in victimisatie bij mensen met een psychose. Omdat in eerdere studies 
is geopperd dat het verwerken van emotionele gezichtsexpressies gelinkt is aan 
victimisatie van mensen met een psychotische stoornis (Baas et al., 2008), hebben 
we deelnemers boze en neutrale gezichten laten zien terwijl zij in een MRI scanner 
lagen. Door middel van GLM analyse en gPPI analyse vonden we geen verschillen in 
regionale hersenactivatie en hersenconnectiviteit tijdens het zien van boze gezichten 
tussen een groep gevictimiseerde en niet-gevictimiseerde deelnemers. Met de meer 
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gevoelige ICA analyses zagen we meer deactivatie van het sensorimotor netwerk 
in gevictimiseerde patiënten. Het gebrek aan verschillen op basis van GLM en gPPI 
analyses staan in contrast met studies die verschillen in brein activatie in response 
op gezichtsexpressies vinden tussen getraumatiseerde en niet-getraumatiseerde 
groepen (Cisler et al., 2014; Crozier et al., 2014; Garrett et al., 2012). Dit contrast in 
bevindingen zou kunnen komen doordat genoemde studies deelnemers met PTSS 
symptomen hebben geïncludeerd, waardoor deze onderzoeksgroep mogelijk mensen 
met veel ernstigere klachten bevatten. Verder waren onze groepsgroottes relatief klein 
in verhouding tot het heterogene karakter van onze onderzoeksgroep wat betreft 
bijvoorbeeld duur en ernst van de stoornis. In vergelijking met GLM en gPPI analyses 
is ICA sensitiever in het detecteren van verschillen tussen deelnemers (Koch et al., 
2009). Verminderde activatie in sensorimotor gebieden en verminderde connectiviteit 
in het sensorimotor netwerk zijn in eerdere studies geassocieerd met ‘freezing of gait’ 
bij patiënten met Parkinson. Dit fenomeen houdt in dat patiënten ongewild plotseling 
als het ware bevriezen, alsof zij aan de grond genageld staan (Mi et al., 2017; Shine et 
al., 2013). Deactivatie van het sensorimotor netwerk in gevictimiseerde deelnemers 
zouden gelijkenis kunnen vertonen met de ‘freeze’ (bevries) respons die vaak bij 
getraumatiseerde mensen wordt zien in reactie op dreiging (Hagenaars et al., 2012; 
Roelofs et al., 2010). Bevriezen is één van de drie reacties op dreiging,  naast vechten en 
vluchten en speelt een rol bij dreiging-gerelateerde stoornissen zoals PTSS (Hagenaars 
et al., 2008; Rizvi et al., 2008). Zo vonden Hagenaars et al. (2012) een sterkere bevries 
reactie na het zien van nare plaatjes bij getraumatiseerde mensen in vergelijking met 
mensen die nog nooits iets bedreigends hadden meegemaakt (b.v. seksueel of fysiek 
geweld, een ernstig ongeluk). Onze studie borduurt voort op eerdere studies die 
hebben gekeken naar onderliggende hersenmechanismen van bevriezen bij trauma 
die bijvoorbeeld veranderingen in de substantia grisea centralis (PAG; Roelofs et 
al., 2017; Walker et al., 2003) hebben gevonden, door de sensorimotor cortex toe te 
voegen als belangrijk onderliggend gebied.

neurale effecten van bewegingsinterventies

In hoofdstuk 6 hebben we studies naar de neurale effecten van bewegingsinterventies 
samengevoegd om effecten van soortgelijke interventies als BEATVIC te bekijken. 
Hoewel er al veel bewijs is voor positieve effecten van fysieke activiteit op gedrag, 
cognitie en fysieke uitkomstmaten en hoewel er steeds meer aanwijzingen zijn voor 
effecten op het brein, leverde een systematische review negen studies met mensen 
met psychosen op en zes studies met gezonde deelnemers. De meeste van deze 
studies waren gefocust op het volume en het functioneren van de hippocampus, 
waarbij er gunstige effecten van fysieke activiteit werden gevonden. Daarnaast werd 
bij mensen met een psychotische stoornis verhoogde activatie in de extrastriate 
body area (EBA) gevonden en sterkere integriteit van witte stof banen die relevant 
zijn voor de stoornis. Bij gezonde deelnemers werd naast veranderingen in de 
hippocampus ook verminderde connectiviteit van de dorsolaterale prefrontale 
cortex (DLPFC) gevonden, wat zou kunnen duiden op meer cognitieve efficiëntie. Op 
basis van gebreken van eerdere studies formuleren we aan het eind van Hoofdstuk 
6 suggesties en richtlijnen voor vervolgonderzoek. Drie van deze suggesties waren 
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direct relevant voor Hoofdstuk 7 waarin we het effect van BEATVIC op het brein 
bekijken: 1) een gemiddelde wekelijkse frequentie van in ieder geval 2 keer per week 
en een periode van twaalf weken is mogelijk het minimum om veranderingen op brein 
niveau te detecteren; 2) het is aan te raden een controle conditie toe te voegen waarbij 
deelnemers evenveel aandacht ontvangen en interactie hebben als de actieve groep 
(Mccambridge et al., 2014); 3) vervolgstudies zouden de focus moeten verbreden 
naar onderliggende hersenregio’s van positieve effecten op negatieve en positieve 
symptomen, symptomen als depressie, sociale terugtrekking en sociale cognitie. In lijn 
met de eerste genoemde dosis-respons bevindingen verwachtten we geen effecten op 
hippocampus volume na BEATVIC omdat de frequentie van beweging eens per week 
is. Verder hebben we befriending als actieve controle conditie toegevoegd. Wat betreft 
de laatste suggestie, hebben we in plaats te focussen op de hippocampus gekeken naar 
het effect op hersengebieden en netwerken die een rol spelen bij het verwerken van 
emotionele gezichtsexpressies (dimensie van sociale cognitie).

neurale effecten van BEaTViC

In hoofdstuk 7 hebben we het effect van BEATVIC op hersen gebieden en 
hersennetwerken bekeken die een rol spelen bij emotionele gezichtsverwerking, omdat 
het verwerken van gezichtsexpressies en sociale cognitie in bredere zin een belangrijk 
doelwit van de therapie was.. Hoewel specifiek BEATVIC uiteraard nog niet eerder 
onderzocht is, hebben eerdere studies wel gekeken naar effecten van sociale cognitie 
training (SCT), wat ook aangrijpt op sociale cognitie en emotionele gezichtsverwerking. 
Omdat eerdere studies na SCT bij psychose meer activatie hebben gevonden in vroege 
visuele verwerkingsgebieden, frontale gebieden en gezichtsexpressie herkennings 
gebieden zoals de insula en de amygdala (Eack et al., 2010; Keshavan et al., 2011), 
verwachtten we dat BEATVIC ook tot meer activatie in deze gebieden zou leiden. 
Omdat we in Hoofdstuk 5 meer deactivatie van het sensorimotor netwerk in een groep 
gevictimiseerde mensen met een psychotische stoornis hadden vonden, selecteerden 
we het sensorimotor netwerk naast componenten die emotionele gezichtsverwerking 
gebieden, visuele gebieden en frontale gebieden bevatten. Op basis van de review 
(Hoofdstuk 6) kozen we ervoor om te checken of er een effect was op hippocampus 
volume. Zoals we verwachtten was er inderdaad geen verschil in hippocampus volume, 
witte stof en grijze stof tussen BEATVIC (n=19) en befriending (n=20) over tijd. GLM 
analyses lieten geen verschillen zien tussen groepenover tijd zien. In lijn met onze 
verwachtingen vonden we door middel van ICA we een toename in activatie van het 
‘salience’ netwerk in respons op dreigende gezichten na het volgen van BEATVIC in 
vergelijking met befriending. Er was een trend voor een toename in activatie van het 
(mediale) visuele netwerk in respons op (een groep met voornamelijk) boze gezichten, 
en een afname van deactivatie in het sensorimotor netwerk in respons op angstige 
gezichten voor BEATVIC. Toename in activatie van het salience netwerk en visuele 
netwerk zou kunnen duiden op preciezere, meer uitvoerige verwerking van visuele 
informatie en/of meer toename in alertheid op potentieel gevaarlijke of dreigende 
gezichten. Afname van deactivatie in het sensorimotor netwerk zou kunnen wijzen 
op minder neiging om te bevriezen en juist meer neiging tot handelen in respons op 
indirecte dreiging. Vervolgstudies zouden deze suggesties verder moeten bevestigen. 

190909 Proefschrift Elise van der Stouwe.indd   179 9-9-2019   21:53:19
        



181 180

|     Samenvatting

kriTiSChE oVErWEgingEn

In hoofdstuk 8 hebben we gereflecteerd op de resultaten van dit proefschrift en 
de invloed van gemaakte keuzes in de onderzoeksopzet. Overwegingen betreffen 
kenmerken van de onderzoeksgroepen, de gebruikte uitkomstmaten en de gevolgen 
van de onderzoeksopzet voor de richting van verbanden. Vervolgens hebben we in 
hoofdstuk 8 klinische implicaties van bevindingen weergegeven, suggesties gedaan 
voor vervolgonderzoek en algemene conclusies gepresenteerd.

In de studies die zijn beschreven in dit proefschrift zijn deelnemers niet specifiek 
geselecteerd op risicofactoren van victimisatie, omdat het een preventieve interventie 
betrof voor een patiëntengroep die over het algemeen een hoger risico loopt 
slachtoffer te worden van geweld. In de pilot studie (Hoofdstuk 2) was 75% van de 
deelnemers slachtoffer geweest in de afgelopen vijf jaar en 21% in het afgelopen 
jaar, in de RCT (Hoofdstuk 4) was 57% slachtoffer geworden en in de MRI sub studie 
(Hoofdstuk 5 en 7) was grofweg 48,7% slachtoffer geweest in de afgelopen vijf 
jaar. Toch zou het zo kunnen zijn dat er ook deelnemers zijn geïncludeerd die niet 
per se kwetsbaar zijn voor slachtofferschap; bijvoorbeeld mensen die al assertief 
waren, een hoog zelfvertrouwen hadden en geen problemen ervaren binnen het 
sociaal functioneren. Voor deze deelnemers zou er mogelijk sprake kunnen zijn van 
een plafondeffect, waarbij maar weinig ruimte was om te verbeteren op bepaalde 
uitkomsten. Verder zou het kunnen zijn dat de onderzoeksgroepen niet de meest 
ernstig zieke deelnemers bevatten vanwege bepaalde exclusie criteria (b.v. ernstige 
psychotische symptomen, middelenafhankelijkheid, co-morbide neurologische 
aandoening of persoonlijkheidsstoornis). Deze criteria hebben er ook toe geleid dat 
deelnemers werden geexludeerd indien er sprake was van middelenafhankelijkheid 
en persoonlijkheidsstoornis, terwijl beide een rol spelen in victimisatie (de Vries 
et al., 2018). Aan de andere kant, we hebben er expliciet voor gekozen mensen met 
dergelijke problemen te excluderen omdat zij structurele participatie in een groep 
mogelijk in de weg zouden staan. 

Een ander punt met betrekking tot kenmerken van de onderzoeksgroepen van 
de studies in dit proefschrift is de heterogeniteit. Wat voor de ene persoon op een 
bepaalde manier werkt, kan voor een ander tot heel andere uitkomsten leiden. 
Tegengestelde effecten voor bijvoorbeeld verschillen (subgroepen van) deelnemers 
zouden elkaar kunnen opheffen. De BEATVIC onderzoeksgroepen bevatten 
bijvoorbeeld zowel meer sub-assertieve mensen die moeite hebben met voor zichzelf 
op komen en meer agressievere individuen die mogelijk soms conflicten uitlokken die 
uiteindelijk tegen victimisatie leiden. In de MRI sub studie (Hoofdstuk 5 en 6) zouden 
deze twee verschillende typen deelnemers anders kunnen hebben gereageerd op 
dreigende gezichten. Wat betreft de pilot studie (Hoofdstuk 2) en de RCT (Hoofdstuk 
4) zou het zo kunnen zijn dat hoewel de laatste persoon bijvoorbeeld toename in 
controle over externaliserende agressie (b.v. ‘ik hou mijn gevoelens onder controle’) 
en internaliserende agressie (b.v. ‘ik probeer kalm te blijven’) zou kunnen laten zien, 
zou de eerste persoon mogelijk juist een afname in score op deze schalen laten zien 
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na het volgens van BEATVIC. In de toekomst zouden moderator analyses wellicht 
kunnen bijdragen aan het ontrafelen van of en hoe BEATVIC effecten kan hebben op 
verschillende patiënten. Gerandomiseerde effectstudies, die beschouwd worden als de 
gouden standaard, zijn gebaseerd op groepsgemiddelden van verschillende individuen 
(Biglan, Ary, & Wagenaar, 2000). Echter, wat het best werkt voor de gemiddelde 
patiënt, is misschien nooit het beste voor een specifieke patiënt. Het ‘one size fits all’ 
principe gaat mogelijk niet op voor behandeling van psychische stoornissen (Dallery 
& Raiff, 2014). Een geschikte manier om te kijken naar effecten voor een individu is 
het uitvoeren van een n=1 studie bijvoorbeeld door middel van experience sampling 
method (ESM; Myin-Germeys et al., 2009).

Behalve het kritisch beschouwen van de karakteristieken van de onderzoeksgroepen, 
is het zinnig om stil te staan bij de gebruikte uitkomstmaten. In het eerste deel van dit 
proefschrift, waarbij we hebben gekeken naar het effect van BEATVIC op gedragsdata, 
hebben we voornamelijk gebruik gemaakt van vragenlijsten. Hoewel deelnemers 
van de pilot op basis van open evaluatie vragen aangaven dat ze het idee hadden dat 
BEATVIC een positief effect had gehad op (risicofactoren van) victimisatie, vonden 
we dit niet terug met behulp van gevalideerde vragenlijsten. Terwijl veel effectstudies 
dergelijke instrumenten gebruiken is er ook kritiek op de statische en rigide karakter 
van vragenlijsten. Zo vereisen zelf-rapportage lijsten inzicht in het eigen gedrag en 
zijn deze lijsten gevoelig voor sociale wenselijkheid (Hogenelst et al., 2015; Wright, 
2005). Aan de andere kant, de geselecteerde vragenlijsten zijn weloverwogen gekozen 
en zijn betrouwbaar en valide.

Wat betreft de uitkomstmaten in het tweede deel van dit proefschrift, MRI taken 
met plaatjes van emotionele gezichten, zou het zo kunnen zijn dat de stimuli enige 
persoonlijke relevantie en ecologische validiteit missen. Dergelijke MRI taken worden 
vaak gebruikt en om zo nauwkeurig mogelijk relevante hersenprocessen in verhouding 
tot ruis te onderzoeken zijn gestandaardiseerde stimuli nodig, maar mogelijk dat 
gebruik van virtual reality in taken zou kunnen bijdragen aan de externe validiteit.
Tot slot is de richting van het verband tussen victimisatie en gerelateerde factoren 
een terugkerendpunt van discussie in dit proefschrift. Hoewel het volgens een recente 
meta-analyse op basis van theorie voor de hand ligt dat bepaalde factoren risico 
factoren zijn die de kans op victimisatie vergroten (de Vries et al., 2018), is het ook 
plausibel dat sommige factoren consequenties zijn van victimisatie. Dit discussiepunt 
komt het sterkst naar voren in Hoofdstuk 5, waarin hersenactivatie tijdens het zien 
van dreigende gezichten werd bekeken. Terwijl problemen met het verwerken van 
emotionele gezichtsexpressies er bijvoorbeeld voor zou kunnen zorgen dat dreiging 
niet wordt opgemerkt waardoor er niet adequaat met een potentieel gevaarlijke 
situatie kan worden om gegaan, kan victimisatie zelf ook leiden tot afwijkingen in 
het verwerken van dreigende emotionele gezichten. Omdat we een cross-sectioneel 
design hebben gebruikt moet de richting van het verband tussen beide nog verder  
worden onderzocht.
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kliniSChE imPliCaTiES 

Onze bevindingen wat betreft de prevalentie van victimisatie voor mensen met een 
psychotische stoornis zijn in lijn met resultaten van eerdere studies (de Vries et al., 
2018b; Kamperman et al., 2014) en benadrukken het belang van een interventie. 
Victimisatie kan een grote impact hebben op mensen hun leven en kan, en kan 
leiden tot bijvoorbeeld middelenmisbruik, depressie (Fisher et al., 2017), zelf-
stigma (Horsselenberg et al., 2016) en ernstigere symptomen (Newman et al., 2010). 
Daarnaast is victimisatie een vorm van trauma en wat kan leiden tot PTSS symptomen. 
Onze MRI studie naar neurale correlaten van victimisatie heeft inderdaad meer 
deactivatie van het sensorimotor netwerk laten zien, wat een bevries respons 
impliceert die eerder is geconstateerd bij mensen met PTSS klachten. Hoewel er 
effectieve evidence-based trauma therapieën voor mensen met een psychotische 
stoornis zijn (van den Berg et al., 2015), die ook kunnen leiden tot een verminderde 
kans op revictimisatie (van den Berg et al., 2016), is het wenselijker om victimisatie 
te voorkomen dan heftige consequenties te behandelen. Dit proefschrift onderstreept 
het belang van een preventieve interventie. Eerder beschreven overwegingen wat 
betreft groepskenmerken impliceren dat een dergelijke interventie voornamelijk 
aangeboden zou moeten worden aan mensen die een verhoogd risico lopen op 
victimisatie op basis van de risicofactoren.  

In de pilot studie gaven deelnemers in antwoord op open vragen over de training 
aan dat BEATVIC een positief effect had gehad op verschillende risicofactoren van 
victimisatie en de kans op victimisatie zelf. Daarnaast waren deelnemers tijdens de 
sessies en de evaluatiemomenten erg positief, we hebben uitspraken gehoord als ‘Ik 
heb meer zelfvertrouwen’, ‘Je kunt meer dan je denkt’, ‘Ik loop rechterop in plaats 
van ingedoken’. Verder vonden we in Hoofdstuk 5 op basis van MRI baseline data 
dat vicitmisatie geassocieerd is met meer deactivatie van het sensorimotor netwerk 
wat kan wijzen op een bevries respons in reactie op boze gezichten, wat impliceert 
dat oefeningen met vechten, bevriezen en vluchten in BEATVIC waardevol zouden 
kunnen zijn. Bovendien vonden we positieve effecten van BEATVIC op hersenniveau; 
namelijk meer activatie van het salience netwerk en een trend voor toegenomen 
activatie in het visuele netwerk en afname van deactivatie van het sensorimotor 
netwerk. In tegenstelling tot gerapporteerde ervaringen van deelnemers uit de pilot, 
veranderingen in het brein na BEATVIC, vonden we geen effecten van BEATVIC op 
gevalideerde vragenlijsten over (risicofactoren van) victimisatie en meer algemene 
uitkomsten. Beperkingen die genoemd zijn bij de kritische overwegingen spelen 
mogelijk een rol in deze bevindingen. Hoewel dit proefschrift geen bewijs levert voor 
BEATVIC als een effectieve therapie is het nog te vroeg om definitieve conclusies te 
trekken en zou het waardevol zijn om verder onderzoek te verrichten.

De systematische review liet zien dat bewegingsinterventies over het algemeen 
positieve effecten hebben op het brein. Omdat bewegings interventies effectief 
zijn gebleken is het belangrijk om deze evidentie te onderstrepen door middel 
van implementatie in de geestelijke gezondheidszorg. Bewegingsinterventies en 
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psychomotore therapie worden al wel aanbevolen in de richtlijnen voor psychotische 
stoornissen (GGZrichtlijnen). Toch lijkt het lastig om mensen met een diagnose in het 
schizofrenie spectrum te activeren. Veel van de gewenste effecten van beweging, zoals 
een betere stemming, stress reductie en meer energie, zijn omgekeerd gerelateerd 
aan de ervaren obstakels zoals een sombere stemming, stress en vermoeidheid die 
sommige van de patienten ervaren (Firth et al., 2016). Meer hulp van professionals 
die gespecialiseerd zijn in bewegingsinterventies zoals psychomotorisch therapeute 
om gezamenlijk doelen te stellen en naar doelen te werken zou kunnen helpen 
psychologische obstakels te overwinnen, en motivatie te behouden (Firth et al., 2016; 
Vancampfort et al., 2012; Vera-garcia et al., 2015). 

SuggESTiES Voor VErVolgonDErzoEk

Op basis van de kritische overwegingen worden  een aantal aanbevelingen voor 
vervolgonderzoek gedaan. Ten eerste zou het goed zijn om uit te zoeken of (en 
hoe) specifieke of individuele patiënten baat hebben gehad bij BEATVIC door te 
richten op subgroepen en patiënten karakteristieken. Daarbij zou het zinnig zijn 
om sensitiviteitsanalyses te doen met een subgroep die ernstiger ziek is of met 
patiënten die een hoog risico lopen op victimisatie door hoge scores op risicofactoren. 
Een andere aanbeveling met oog op de onderzoeksgroep is het toevoegen van een 
gezonde controlegroep, in het bijzonder in de MRI studies, om patiënten met gezonde 
mensen te vergelijken om te onderzoeken of er normalisatie optreedt. Verder zou er in 
vervolgonderzoek fijnmaziger en meer ecologisch valide meetinstrumenten kunnen 
worden gebruikt in tegenstelling tot eerder algemene en statische vragenlijsten. Door 
middel van ESM kunnen emoties, gedachten en ervaringen meerdere keren per dag 
in het dagelijks leven worden bijgehouden (Myin-Germeys et al., 2009). Daaraan 
gerelateerd, voor MRI studies zou het waardevol kunnen zijn om uit te zoeken of 
er meer ecologisch valide taken kunnen worden gebruikt, zoals door bijvoorbeeld 
gebruik van virtual reality. Tot slot is het belangrijk om meer prospectief longitudinaal 
onderzoek uit te voeren om de richting van effecten tussen victimisatie incidenten 
en gerelateerde factoren helder te krijgen. Voortbordurend op onze cross-sectionele 
studie, zouden vervolgstudies de richting(en) van de relatie tussen het verwerken van 
dreigende gezichten en victimisatie kunnen bekijken.

ConCluSiE

In dit proefschrift hebben we gekeken naar het effect van een psychomotorische 
weerbaarheidstherapie ter preventie van victimisatie van mensen met een 
psychotische stoornis. In de pilot studie rapporteerden deelnemers dat zij het idee 
hadden dat BEATVIC een positief effect had gehad op verschillende risicofactoren 
van victimisatie en de kans op victimisatie zelf. Verder vonden we in Hoofdstuk 5 
op basis van MRI baseline data dat vicitmisatie geassocieerd is met meer deactivatie 
van het sensorimotor netwerk wat kan wijzen op een bevries respons in reactie op 
boze gezichten, wat impliceert dat oefeningen met vechten, bevriezen en vluchten 
in BEATVIC waardevol zouden kunnen zijn. Bovendien vonden we positieve effecten 

190909 Proefschrift Elise van der Stouwe.indd   183 9-9-2019   21:53:19
        



185 184 185 184

|     Samenvatting

van BEATVIC op hersenniveau; namelijk meer activatie van het salience netwerk 
en een trend voor toegenomen activatie in het visuele netwerk en afname van 
deactivatie van het sensorimotor netwerk. Deze bevindingen duiden mogelijk op 
nauwkeuriger waarneming van visuele informatie en/of meer alertheid bij dreigende 
gezichten, en meer geneigdheid tot actie als reactie op indirecte dreiging. Door 
onderzoeken naar het effect van fysieke activatie interventies en het brein samen te 
voegen is overzichtelijk geworden dat deze interventies een positief effect hebben 
op verschillende hersengebieden en verbindingen. Hoewel dit proefschrift geen 
direct bewijs voor de effectiviteit van BEATVIC levert, is het te vroeg om hier stellige 
conclusies aan te verbinden. Het zou waardevol zijn om vervolgonderzoek te doen op 
basis van de kritische overwegingen over karakteristieken van de onderzoeksgroep 
en wat betreft uitkomstmaten. Omdat we pas op lange termijn een effect van BEATVIC 
op victimisatie zelf verwachtten omdat dergelijke incidenten niet zo frequent voor 
komen, is een volgende stap het effect op victimisatie respectievelijk één en twee jaar 
na de interventie onderzoeken.
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DankWoorD

Waar ik als kind bij onderzoek ongetwijfeld een beeld van een ongezellige geïsoleerde 
nutty professor voor me zal hebben gezien, kwam ik er tijdens mijn studie al gauw 
achter dat het doen van onderzoek allerminst van eenzame aard is. Het meest 
bijzondere aan onderzoek is wat mij betreft samenwerken en ideeën uitwisselen en 
uitwerken met geïnspireerde anderen, met als uiteindelijk doel het bevorderen van 
behandeling. Gedurende mijn promotietraject heb ik met vele mensen van gedachten 
gewisseld, van velen mogen leren en uit allerlei hoeken hulp of ondersteuning mogen 
ervaren. Ik ben blij dat ik hier via dit onderdeel van mijn proefschrift bij stil kan staan.

Allereerst wil ik graag alle mensen die hebben deelgenomen aan de onderzoeken in dit 
proefschrift bedanken. Ik vind het bijzonder hoe jullie vaak zo open hebben verteld. 
Jullie inzet helpt de zorg voor anderen verbeteren, bedankt daarvoor.

Prof. dr. Pijnenborg, Marieke, als student was jij voor mij het toonbeeld van een 
scientist-practitioner zoals ik dat ambieerde dus ik was ontzettend blij om met je 
samen te gaan werken in de vorm van een promotieonderzoek. Ik vind het inspirerend 
hoe je wetenschap en praktijk combineert en beide dichter bij elkaar brengt. Bedankt 
voor de mogelijkheid om naast mijn promotietraject klinisch werk te doen. Ook ben 
ik je heel dankbaar voor alle andere kansen om me verder te ontwikkelen (zoals het 
geven van onderwijs, het zij-project met de Australische exercise onderzoeksgroep) 
en voor de vrijheid binnen mijn traject, je hebt mij altijd veel vertrouwen gegeven. Ik 
verheug me op onze verdere samenwerking bij het VR-SOAP project.

Dr. van Busschbach, Jooske, als leading lady van de PMT ben jij van onschatbare 
waarde voor deze mooie vaktherapie en ik ben dankbaar dat ik hierover heb kunnen 
leren én dit heb kunnen ervaren. Ik vind het mooi hoe jij je met de kenniskring vol 
enthousiasme inzet voor meer evidentie van PMT, welke mij vanaf dag één ook heeft 
overtuigd van zijn toegevoegde waarde. Als co-promotor wil ik je bedanken voor 
datzelfde enthousiasme, je positiviteit en je creatieve ideeën. Ik vond het erg leuk om 
met je te discussiëren over bijvoorbeeld de bevindingen van de review. Jouw creatieve 
vrije associaties hebben vaak bijgedragen aan mijn stukken, waar ik van nature juist 
vrij beknopt schrijf. Bedankt voor alles en ik hoop dat we elkaar in het werkveld tegen 
blijven komen.

Prof. dr. Aleman, André, ik bewonder jouw enorme hoeveelheid kennis. Je weet 
bevindingen moeiteloos te koppelen aan een scala aan eerdere wetenschappelijke 
artikelen die je altijd in grote getale paraat hebt en dat gaf mij dan vaak weer nieuwe 
aanknopingspunten. Daarnaast blijf je onder alle omstandigheden kalm en strategisch, 
dat werkte heel prettig samen. Ik vind het leuk dat jij, met zwarte band karate, 
betrokken was bij dit project en heb met plezier een aantal karate lessen bij je gevolgd.

Tevens wil ik de leden van de leescommissie bedanken: prof. dr. Susan van Horen, 
prof. dr. Erik Scherder en prof.dr. Wim Veling, het is een eer dat jullie mijn proefschrift 
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wilden lezen en beoordelen.

Bertine, directe collega op het project, ook aan jou ben ik dank verschuldigd. Een jaar 
voor mijn komst heb je in samenwerking met een mooi team van experts de basis voor 
de PMT-interventie gelegd, waarbij jouw ervaring binnen de vechtsport en tomeloze 
affiniteit met sport in het algemeen van toegevoegde waarde zijn geweest. Ik kijk met 
plezier terug op onze tripjes naar Assen (al dan niet in combinatie met hardlopen of 
Bonte Wever bezoek) of naar plekken om samen workshops te geven.
Clement, Aniek, Stef en Erwin, jullie hebben ook een grote rol in de ontwikkeling van 
de interventie gehad, ontzettend veel dank daarvoor. Het was een feestje tijdens de 
pilot, en later om met elkaar af te reizen naar Zwolle voor train-de-trainer in een auto 
volgeladen met stootkussens, handschoenen en scheenbeschermers.

Trainers van de verschillende sites: Clement Waarheid, Stef Poel, Alexander Middeljans 
(GGZ Drenthe); Paco van der Reijden, Bryan Yorks (GGZ Friesland); Erik Izaks (UCP); 
Linda de Jong, Michiel Wegh (Dimence); Stefan Henstra, Jakob de Boer (Lentis); Nynke 
Bonnema en Eelke Mollenbrok, (Arkin); enorm bedankt voor hoe jullie je hebben 
ingezet. Eens in de 5 sessies kwam ik langs om mee te kijken: het was super om jullie 
groepen in de tijd te volgen. Ik kan geen ‘Eye of the Tiger’ luisteren zonder met een 
glimlach terug te denken aan de eerste groep van Paco en Bryan.

Onderzoeksassistenten Remon, Esther, Eline, Julia, Marianne, Esmee en ook alle 
studenten die onderdeel vormden van het BEATVIC team, in het bijzonder stagiaires 
Moniek, Anna, Michelle en Tess: ik ben ontzettend trots op hoe we deze trial hebben 
gedraaid. Het was fantastisch om met zo’n club enthousiastelingen te werken.

Wat betreft de MRI-studie wil ik Anita en Judith bedanken voor het scannen, de vele 
scan-uren waren altijd zeer gezellig beneden in de kelder. Voor de bijbehorende MRI-
hoofdstukken in het tweede deel van mijn proefschrift zijn Esther en Jan-Bernard 
onmisbaar geweest. Esther, enorm bedankt voor je geduld, laagdrempelige uitleg 
en hulp bij het analyseren van de data. Jan-Bernard, bedankt voor alle hulp bij het 
oplossen van problemen die zich gedurende de analyses voordeden.

Binnen de hele CNP-onderzoeksgroep kon ik altijd op hulp rekenen van collega’s en 
daarnaast op een hoop gezelligheid bijvoorbeeld op de BCN retreat, de NIC retreat, de 
nieuw in het leven geroepen NIC(E) events of onder het genot van een borrel. Bedankt 
Anne, Annerieke, Brani, Claire, Esther, Edith, Hanneke, Heleen, Jan-Bernard, Jelle, 
Jassy, Jorien, Hedwig, Liwen, Leonie vA, Leonie B, Marc, Marjorie, Marie-José, Marlijn, 
Michelle, Nena, Nicky, Nina, Remco, Sander, Shankar, Sonsoles en Tania. 

In het bijzonder wil ik mijn fijne roomies van kamer 123 bedanken: Rozemarijn, 
Sjoerd en later Douia en Saskia. Ik ben blij dat ik veel van mijn belevenissen met jullie 
heb mogen delen. Sjoerd,  Friese psychiater van het NIC, dank dat Rozemarijn en ik 
je paranimfen mochten zijn, erg leuk en vertrouwd dat we elkaar nu weer geregeld 
treffen in het UCP. Daouia, MRI meesterbrein, bedankt voor het sparren en voor alle 
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gezelligheid o.a. bij SIRS en HBM. Saskia, sportieveling en nieuwste PhD onder ons, tof 
hoe je zo zelfstandig je eigen project hebt vormgegeven. 
Rozemarijn, ik ben blij dat je op de dag van de verdediging naast mij zal staan. Je voelt 
vaak haarfijn aan hoe iemand zich voelt, en weet iedereen op z’n gemak te stellen. 
Bedankt voor je betrokkenheid al dan niet in de vorm van attenties zoals bloemen, 
thee, comfort food of kaartjes op mijn bureau. Ik hoop op nog veel gezellige borrels en 
taartjes met elkaar.

Ook bij de afdeling Klinische Psychologie van de RUG heb ik de eerste jaren van mijn 
promotie met veel plezier gewerkt, en daarvoor wil ik mijn RUG-collega’s bedanken: 
Aaltsje, Alieke, Charmaine, Christien, Elise, Fatemeh, Ingrid, Janika, Judith, Johan, 
Klaske, Lonneke, Lonneke, Maarten, Mariette, Minita, Miriam, Nienke, Nienke, Rachel, 
Rebecca, Renate, Retha, Rozanne, Selwyn en Steven. Peter, bedankt voor de gezellige 
nieuwjaarsborrel, een traditie die hopelijk nog lang in ere wordt gehouden.

In het bijzonder bedankt aan Laura, Leonie, Nicola & Nienke die mij allen dierbaar 
zijn geworden. Ik ga er vanuit dat er nog vele etentjes  blijven volgen. Leonie, jij 
verspreidt vrolijkheid en optimisme, je kraanvogel prijkt op mijn nieuwe werkplek. 
Nicola, ik bewonder je doorzettingsvermogen en discipline, het was heerlijk de zinnen 
te verzetten bij body-fit. Nienke, bedankt voor je strategische blik maar vooral voor je 
flinke dosis humor, je weet altijd te relativeren.
Laura, psychose-partner-in-crime en college-dreamteam-partner, vele psychose 
symposia en congressen waren met jou een feestje. Uiteraard vanwege gedeeld 
enthousiasme over bepaalde onderzoeken of methoden, maar ook zeker omdat we 
een hoop hebben gelachen (ECSR Berlijn). Ik bewonder hoe je al je rollen combineert 
waarbij er ook altijd tijd is voor vriendinnen.

Voor een gezellige vrijdagmiddag-borrel kon ik van tijd tot tijd rekenen op de toppers 
van het UCP: Chris, Meike, Saskia en Stéphanie. Ik vind het super dat we nu nog 
directere collega’s zijn geworden.
Meike, enorm bedankt voor je inspanningen voor BEATVIC: je had veel aandacht voor 
de deelnemers en maakte Befriending tot een wel heel plezierige controle groep. 
Stéphanie & Chris, ook bedankt voor de andere get-togethers in de vorm van lunch, 
sushi, verjaardagen of koffie. Saskia, ik vond het heel tof dat ik de DiSCoVR behandeling 
mocht geven, dank ook voor alle gezelligheid op congressen (bv Veldhoven op en neer 
met Michelle).

Verder viel ik als promovendus onder het RGOc, een grote enthousiaste groep 
onderzoekers uit Noord- en Midden Nederland die zich inzet voor betere kwaliteit van 
leven voor o.a. mensen met een psychotische stoornis. Tijdens de verschillende RGOc 
symposia, congressen of andere events heb ik veel leuke mensen van deze groep gezien 
en gesproken. Ik wil iedereen bedanken voor de leuke inspirerende ontmoetingen.
Ook de collega’s die vanuit de verschillende sites van het RGOc hebben geholpen met 
het reilen en zeilen aldaar en het rekruteren van deelnemers zijn van onschatbare 
waarde: Annerieke de Vos, Saskia Nijman, Esther Sportel, Aaltsje Malda, Boudien van 
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der Pol, Nynke Boonstra, Erna van ’t Hag, Annelieke van der Waal, Marianne Dorst en 
Anneke Zijlstra.

Naast mijn promotie kreeg ik de kans om klinische ervaring op te doen bij het VIP 
team van GGZ Drenthe. Ik heb het hier ontzettend naar mijn zin gehad. Bedankt aan 
alle collega’s, dat ik van jullie heb mogen leren, met name dank aan Alice, Tara, Gerard 
en Afke.

Hoewel psychose mij na aan het hart ligt, ben ik in het laatste jaar van mijn promotie 
de vrijdagen bij Lentis Basis GGZ gaan werken, bedankt voor deze kans Hittina en 
Cynthia. Binnen dit team heb ik ook met veel plezier gewerkt en daar ben ik alle 
collega’s dankbaar voor, bij uitstek dank aan Erna en Sarah voor de werkbegeleiding.

Ook vrienden buiten het promotie onderzoek wil ik graag bedanken.
Lieve meiden van thuis, al vanaf de basisschool en middelbare school gaan we samen 
door het leven en dat vind ik bijzonder. Hoewel we elk een andere weg zijn gegaan 
hebben we op onze vriendinnen-weekenden de grootste lol en weet ik dat ik altijd op 
jullie kan rekenen, daarvoor ben ik dankbaar.

Lieve Lara, Rianne, Cynthia, Marieke S, hele bubs uit Enschede, bedankt voor alle 
borrels, feestjes, weekendjes en gezelligheid afgelopen jaren. Helena, een eer dat je de 
tijd wilde maken om mijn omslag te maken, ik ben er enorm blij mee.

Lieve fabuleuze studie-vriendinnen, Iris, Marike en Minke, daar waar het allemaal 
bij het Honours College begon, onder begeleiding van Nynke en Sanne van wie we 
veel hebben mogen leren. Met jullie kan ik alles delen, we gaan op avontuur, voeren 
discussies waar Trudy Dehue trots op zou zijn, verzinnen snode plannen, of lachen om 
elkaar.

Dr. Job en Dr. Madelein, bedankt voor jullie belangstelling en adviezen gezien jullie mij 
zijn voor gegaan. Ik vind het heel gezellig dat we bij elkaar om de hoek wonen. Lieve 
Lein, meer nog dank dat je mijn lieve zus bent.  
Lieve pap en mam, ik ben ontzettend dankbaar voor jullie uitzonderlijke betrokkenheid. 
Bedankt dat jullie er altijd voor me zijn. Pap, door de jaren heen heb je mij een hoop 
skills geleerd die onmisbaar zijn geweest tijdens mijn promotie-traject: van het 
structureren van een tekstje voor een werkstuk tot het maken van een planning 
voor toetsen. Naast ontelbaar andere dingen heb ik van jou geleerd verder te kijken 
dan mijn neus lang is en daar ben ik blij om. Mam, je houdt altijd alle ballen met een 
grotevanzelfsprekendheid in de lucht. Ik bewonder al je vrolijke initiatieven, lieve 
attenties en hoe je geniet van de kleine dingen in het leven.

Liefste Martin, bij jou is het al 7,5 jaar letterlijk en figuurlijk heerlijk thuiskomen. 
Bedankt voor al je liefde en voor het geduld waarmee je luistert als ik het even niet meer 
weet. Ik ben ben blij het leven met jou te mogen leven: vol energie en enthousiasme 
sta je voor allerhande ervaringen en mensen open. Op naar nieuwe avonturen samen, 
ik kan niet wachten!
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Elise van der Stouwe was born in 1990 in Groningen 
and raised in Beetsterzwaag, the Netherlands. Having 
finished pre-university school (VWO) in 2008, 
she moved to Groningen to study Pharmacy at the 
University of Groningen (RuG). After completing the 
first year diploma in Pharmacy, she decided to study 
Psychology, initially with the intention of becoming 
a health care psychologist, but soon developing an 
additional interest in research methodology.

During her first year of Psychology, Elise applied 
for the university’s Honours College, which gives 
talented, motivated students the opportunity to challenge themselves by offering 
an additional program. As part of the Honours College, Elise participated in various 
research internships, which marked the start of her scientific interest. In her 3rd 
year, Elise did her minor in Clinical Psychology and Neuropsychology at the Catholic 
University of Leuven. After graduation at bachelor level, Elise was admitted to the 
Research Master Behavioral and Cognitive Neurosciences (BCN) of the University of 
Groningen. She combined fundamental courses on cognitive neuropsychiatry with 
courses from its Clinical Psychology Research Master.

As soon as she had obtained her Master’s degree, Elise started a PhD project under 
supervision of prof. dr. Marieke Pijnenborg, dr. Jooske van Busschbach and prof. dr. 
André Aleman. In the past four years Elise, together with her colleagues, set up the 
Beatvic study. She combined scientific research with teaching at the Psychology faculty 
and working as a psychologist at the psychosis department of GGZ Drenthe and later 
at the basic mental health care department of Lentis.

Currently, Elise is working as a postdoctoral researcher at the Virtual Reality mental 
health group of the University Center of Psychiatry (UCP). In addition, she works at the 
UCP as a psychologist and will start the training to become a health care psychologist 
(GZ-psycholoog) in April 2020.
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