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Dealing with society  

Managing yourself in the social environment is by no means an easy task. It includes 

several complex social cognitive and emotional processes that most of us take for 

granted. Brothers [(1990); page 27] defined social cognition as “the processing of any 

information which culminates in the accurate perception of the dispositions and intentions of 

other individuals”. Such complex social cognitive processes encompass, amongst 

others, the ability to interact in the social world by interpreting social and emotional 

cues sent out by others and using them in understanding other peoples’ intentions 

and beliefs; this ability is referred to as Theory of Mind (ToM). Besides 

understanding others people’s intentions, emotional processing is important in this 

“social environment management” and for personal well-being. This includes the 

interpretation of emotional events and dealing with the subsequent evoked 

emotional response as well as using the knowledge from previous social encouters in 

new situations. Evaluating one’s own behavior and characteristics in light of these 

situations is crucial for adequate adaptation to a social environment. 

Sometimes these social cognitive and emotional processes are hampered, for 

example in patients with psychiatric disorders, such as schizophrenia, bipolar 

disorder and autism (Baron-Cohen et al., 1985; Corcoran et al., 1995; Langdon et al., 

2002; Leslie & Thaiss, 1992; Pinkham et al., 2003). This thesis focussed on the 

underlying neural mechanisms of social cognitive and emotional impairments in 

patients with psychiatric disorders, relatives of these patients and individuals who 

are vulnerable for development of a psychiatric disorder. Moreover, the mediating 

effect of impaired social cognitive and emotional processes on patient’s 

understanding of their illness and their acceptance of treatment – also referred to as 

illness insight – was discussed. 

 

Psychiatric disorders: schizophrenia and bipolar disorder 

The aim of this thesis was to shed more light upon and provide tools towards insight 

in patients with schizophrenia and bipolar disorder. In 1854 two French scientists 

independently described a similar phenomenon distinguishing between a state of 

elevated mood and melancholia. Falret (1851) launched the term “folie circulaire” or 

circular insanity. Three years later Baillarger (1854) came up with the term “folie à 

double forme” referring to two phases of insanity, one of depression and one of 

excitation. The main difference between both definitions was that Falret (1851) 

included a period of intermission with full recovery, while in Baillarger’s (1854) 

definition these intermission periods were not symptom free. 

This work led Kraepelin (1896; 1919) to differentiate dementia preacox and 

manic depressive insanity. He defined the concept of dementia praecox as a chronic 

progressively deteriorating disorder, emphasizing the cognitive deterioration 

(dementia) and the early onset (praecox), while he unified mania, depression and 

bipolar disorder under one denominator, manic-depressive insanity (Angst, 2002).
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The difference lay mainly in the prognosis of the disorder, which was worse for 

dementia praecox. The term schizophrenia was first introduced by Bleuler (1911) 

who refined the description of dementia praecox. Bleuler introduced the ‘group of 

schizophrenia’s’ and by that the notion that the disorder is hard to define and may 

present itself in several subtypes that vary in severity. Most importantly, Bleuler 

distinghuised four symptoms also called the four A’s: autism, ambivalence, 

associative loosening, and affective disturbances. These symptoms alone were 

necessary for a diagnosis of schizophrenia were not present in more latent and 

simple subtypes of schizophrenia and were therefore considered less important 

(Bleuler, 1911). 

Similarly, clinical manifestations for bipolar disorder are very heterogeneous, 

ranging from mild forms of depression and/or hypomania to more severe 

manifestations of both symptoms including in some cases the occurrence of a 

psychotic episode (Muller-Oerlinghausen et al., 2002). At present, the Diagnostic and 

Statistical Manual, fourth edition [DSM-IV; (1994)] and the International 

Classification of Diseases, tenth edition [ICD-10; (1994)] are widely used as 

classification systems, which include specified diagnostic criteria for schizophrenia as 

well as for mood disorders, such as bipolar disorder. Even though these tools do not 

take away the complexity of both disorders, the use of systematic interviews based 

on the DSM or ICD criteria ensures that similar diagnostic criteria for both disorders 

are used worldwide, which increases the reliability of the diagnosis. 

Schizophrenia is a severe and chronic psychiatric condition characterized by a 

wide range of symptoms that can be categorized into positive and negative 

symptoms (Mueser & McGurk, 2004). Positive symptoms refer to phenomena that 

should not be present, such as delusions, hallucinations, incoherence and grossly 

disorganized or catatonic behavior. Negative symptoms on the other hand include 

behavior or experiences that lack in schizophrenia patients and are referred to as 

flattened affect, social withdrawal, apathy and poverty of speech. Besides positive 

and negative symptoms, cognitive symptoms (memory, executive function and 

attention impairments) and affective dysregulation can be distinguished (van Os & 

Kapur, 2009). Finally, schizophrenia is often accompanied by prominent 

dysfunctions in the social and occupational domain. 

Approximately one percent of the population is affected by schizophrenia 

during their lifetime (Evers & Ament, 1995). The time of onset of schizophrenia 

typically occurs during adolescence or in young adulthood. The chronicity of the 

disorder is illustrated by a study investigating the course of schizophrenia in first 

episode patients (Wiersma et al., 1998). Only 12 % of the patients recovered after the 

first psychosis and only 15 % of the patients after two or more psychotic episodes 

(Wiersma et al., 1998). Of the other patients, about 17 % of the patients partially 

recovered after their first episode and in about 33 % of the patients a negative 

syndrome (the umbrella term for all negative symtoms) remained. The illness was 

chronic in 11% of the patients. Thus, while not all patients with a first episode 
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psychosis become chronically ill, in the majority of the patients (61%) at least some 

symptoms remain. 

Bipolar disorder is characterized by the occurance of one or more manic, 

hypomanic or mixed episodes. A manic episode is characterized by a state of 

euphoria, irritability or disinhibition. Furthermore, in almost all cases also more or 

less severe depressive episodes occur in which the patient is in a state of sadness, 

lowered mood, loss of interest and loss of pleasure in previously enjoyed activities 

(anhedonia). The DSM-IV makes a distinction between bipolar I and bipolar II 

disorder. In bipolar I disorder manic episodes occur and may be alternated with 

depressive episodes, while in bipolar II disorder, depressive episodes are alternated 

with hypomanic (never manic) episodes. Furthermore, the DSM-IV distinguishes 

cyclothymic disorder, which refers to the rapid occurrence of numerous (hypo) 

manic episodes as well as numerous depressive symptoms within in a two-year time 

span. Besides mood symptoms, psychotic features can occur during manic or 

depressive episodes in patients with bipolar disorder. Especially in these cases a 

differential diagnosis distinguishing between schizophrenia or bipolar disorders can 

be difficult. Just like in schizophrenia, the first episode usually occurs in early 

adulthood (Nolen & Koerselman, 2000). 

The lifetime prevalence of bipolar disorder is somewhat higher than for 

schizophrenia, approximately 1.5% - 2% (Kupka & Regeer, 2007; Muller-

Oerlinghausen et al., 2002), and the prevalence among men and women is 

approximately similar, between 1,6% - 2,2% respectively (Bijl et al., 1997; Kupka & 

Regeer, 2007). About 80% of the bipolar patients have recurrent episodes (Kupka & 

Nolen, 1999). Suicide rate in bipolar disorder is approximately two or three times 

higher than in the general population (Muller-Oerlinghausen et al., 2002). 

In both schizophrenia and bipolar disorder, cognitive and emotional impairments 

have been described (Aleman et al., 1999; Phillips et al., 2003; Van der Werf, 2010). In 

this thesis, we focussed on the social cognitive and emotional impairments in both 

disorders. More specifically, the ability to take the perspective of someone else, the 

regulation of emotional experiences and the evaluation of one’s traits and 

characteristics were discussed. Furthermore, the illness insight of the patient was 

discussed for both disorders. More specifically, the importance of the 

aforementioned social cognitive and emotional impairments for illness insight 

(specifically with regard to psychosis) were highlighted. Finally, directions for future 

research were given and possible implications for clinical purposes were discussed. 

 

Neurobiology 

Since the use of techniques like structural and functional Magnetic Resonance 

Imaging for investigating brain functioning in psychiatric patients, a large number of 

research papers has been published that reported structural and functional 

abnormalities in both disorders.  
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Schizophrenia. Structural abnormalities have been reported for patients with 

schizophrenia in the dorsolateral prefrontal cortex (Glantz & Lewis, 2000), superior 

temporal and parietal regions (Plaze et al., 2009). Cortical thinning was found in 

frontal, superior temporal and temporo-parietal regions (Ettinger et al., 2010; Rimol 

et al., 2010; Yang et al., 2010). Wright et al. (2000) reported overall smaller cerebral 

volume in patients with schizophrenia, while vetricular volume was larger. They also 

reported reduced bilateral amygdala volume, which is important for emotional 

processing. Furthermore, studies investigating white matter in schizophrenia 

reported reduction in patients compared to healthy controls [see Konrad et al. (2008) 

for an overview]. Such white matter reductions in the frontal cortex have been 

associated with functional impairments (Ho et al., 2003). These cortical and white 

matter reductions have already been demonstrated in first-episode patients, 

suggesting that it is not a result of the chronicity of the disorder (Paillere-Martinot et 

al., 2001). 

Besides structural abnormalities, functional abnormalites have been reported. 

In a recent review on the neuroanatomy of symptom dimensions, Goghari et al. 

(2010) concluded that negative sympomts were predominantly related to abnormal 

functioning of the ventrolateral prefrontal cortex and the ventral striatum, while 

positive symptoms were related to abnormal functioning of the amygdala, medial 

frontal and (para)hippocampal regions. In addition, Goghari et al. (2010) showed that 

impaired functioning of the dorsolateral prefrontal cortex was related to 

disorganised symptoms. Furthermore, a large body of evidence has demonstrated 

decreased prefrontal activation in patients with schizophrenia in response to 

cognitive tasks [see Tan et al. (2007) for an overview]. Such functional abnormalities 

in prefrontal activation was also shown in medication naïve and first episode 

patients, which tells us that these abnormalities are not due to medication or 

duration of illness (Barch et al., 2001). Jardri et al. (2010) demonstrated in a recent 

meta-analysis that increased activation in fronto-temporal and parietal regions is 

related to the experience of auditory verbal hallucinations. Thus, while impaired 

cognitive functioning seems to be related to a decrease in prefrontal regions, the 

presence of auditory verbal hallucinations has been associated with increased 

activation in prefrontal as well as temporal and parietal areas. Furthermore, 

abnormal functional connectivity was demonstrated during resting state in fronto-

temporal networks for schizophrenia (Broyd et al., 2009). This abnormal connectivity 

has been related to the presence of auditory verbal hallucinations (Vercammen et al., 

2010a; Wylie & Tregellas, 2010). In addition, such deviant fronto-temporal 

connections have been associated with cognitive dysfunction (Ragland et al., 2007; 

Townsend et al., 2010). 

Not only impaired cognitive, but also impaired emotional functioning has 

been associated with abnormal activation patterns in patients with schizophrenia. 

Aleman and Kahn (2005) reviewed the available evidence on the neural correlates of 

emotional dysfunction and proposed that the volume reduction of the amygdala in 

combination with the decreased anatomical connectivity between the amygdala and 
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the frontal cortex results in abberant emotion recognition and expression. Similarly, 

abnormal activation patterns in the ventral striatum have been demonstrated for 

reward processing in patients with schizophrenia, which may be important for 

affective learning (Ochsner, 2008). Furthermore, abnormal activation patterns in the 

insula in schizophrenia patients have been associated with an abberant sense of self 

(Wylie & Tregellas, 2010). 

Bipolar disorder. Structurally, cortical thinning in frontal, superior temporal 

and temporo-parietal regions bipolar I disorder was reported (Rimol et al., 2010). A 

recent meta-analysis reported reductions in the bilateral insula and anterior cingulate 

cortex (Ellison-Wright & Bullmore, 2010), while another recent meta-analysis 

demonstrated decreased overal brain volume and increased ventricular and globus 

pallidus volume, but no differences for amygdala or insular volume (Arnone et al., 

2009). In a large study with 321 bipolar I patients, Hallahan et al. (2010) reported 

increased right lateral ventrical volume as well as increased volume in the left 

temporal cortex and right putamen. Of note, they found a positive interaction 

between the size of the amygdala and hippocampus and the use of lithium. 

Relationships between the number of affective episodes and abnormalities in 

prefrontal areas, striatum and amygdala have also been reported (Strakowski et al., 

2005). 

With regard to functional neuroimaging findings, evidence suggests 

dysfunctioning of the striatal-thalamic-prefrontal cortex network as well as the 

amygdala and midline cerebellum that may result in impaired regulation of mood 

(Strakowski et al., 2005). Green et al. (2007) showed increased limbic activation upon 

emotional stimuli as well as a relationship between impaired executive functioning 

and prefrontal cortex activation in bipolar disorder. Like in schizophrenia, cognitive 

dysfunctioning in bipolar disorder is mostly related to hypoactivation in the 

dorsolateral prefrontal regions (Altshuler et al., 2005; Glahn et al., 2005; Lesh et al., 

2010; Ragland et al., 2007; Townsend et al., 2010). Altshuler et al. (2008) demonstrated 

that decreased activation in the orbitofrontal cortex was similar in depressive and 

manic states of bipolar disorder, while left dorsolateral prefrontal activation was 

decreased in a manic state, but increased in a depressed state of the disorder. Not 

only in patients, but also in first degree relatives of patients with a psychotic disorder 

similar, but less severe, neurocognitive abnormalities have been reported (Fusar-Poli 

et al., 2007). In addition, abnormal functional connectivity has been demonstrated 

during resting state in fronto-temporal networks for bipolar disorder (Dickstein et al., 

2010). Such deviant fronto-temporal connections have been associated with cognitive 

dysfunction (Ragland et al., 2007; Townsend et al., 2010). 

In sum, structural and functional abnormalities have been widely reported for 

both bipolar disorder as well as for schizophrenia. Mostly, these abnormalities point 

towards frontal, temporal and limbic regions, areas that have been implicated in, 

amongst others, social cognitive and emotional processing (see figure 1 for a 

graphical representation of these regions). Both similarities and differences between 

bipolar disorder and schizophrenia in structural and functional imaging data have 
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been reported. In general, volume reductions seem to be larger in patients with 

schizophrenia (Arnone et al., 2009; Ellison-Wright & Bullmore, 2010). Similarly, the 

degree of hypoactivation in dorsolateral prefrontal areas during cognitive tasks 

seems to be greater in schizophrenia than in bipolar patients (Hamilton et al., 2009). 

Furthermore, while for schizophrenia patients most structural and functioning 

evidence points towards a wider network of abnormalities in patients with 

schizophrenia encompassing frontal, limbic and temporo-parietal regions, for bipolar 

disorder most abnormalities have been reported in limbic and prefrontal areas. 

 

 

 

 

 
Figure 1. Graphical display of medial and lateral views of the 

brain.  

A. Lateral view 1. SFG: superior frontal gyrus; MFG: middle 

frontal gyrus; IFG: inferior frontal gyrus; STG: superior 

temporal gyrus; MTG: middle temporal gyrus;  ITG: inferior 

temporal gyrus 

B. Lateral view 2. dLPFC: dorso lateral prefrontal cortex; 

vLPFC: ventro lateral prefrontal cortex; TPJ: temporo parietal 

junction 

C. Medial view. dMPFC: dorso medial prefrontal cortex; 

vMPFC: ventro medial prefrontal cortex; ACC: anterior 

cingulate cortex; PCC: posterior cingulate cortex 

D. Transverse section of the brain displaying the insula 

E. Transverse section of the brain displaying the amygdala   

A 

B 

C 

E 

D 
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Interacting with the social world 
The ability to think about thoughts and beliefs of oneself and others in our social 

environment is crucial for interacting with other people (Premack & Woodruff, 1987). 

This capacity is also referred to as Theory of Mind (ToM). ToM is a broad concept 

encompassing the capacity to understand other people’s mental state. This 

understanding can refer to how other people are feeling emotionally, but can also 

refer to the understanding that the other person may have a different belief or 

knowledge in a given situation as well as the understanding of the subsequent 

behavior of this other person [see Wellman et al. (2001) for a meta-analysis]. The past 

decade has shown a surge of interest in the neural basis of ToM [see Carrington & 

Bailey  (2009) for a review]. Neuroimaging studies revealed involvement of several 

brain regions, such as the temporo-parietal junction (TPJ), the superior temporal 

sulcus (STS), anterior cingulate cortex (ACC) and orbital and medial frontal areas 

(Apperly et al., 2004; Carrington & Bailey, 2009; Decety & Jackson, 2004; Frith & 

Frith, 1999; Ruby & Decety, 2003; Saxe & Kanwisher, 2003). To date, the development 

of ToM as as well as how ToM is instantiated in the brain is an ongoing subject of 

research. 

Describing ToM as just the ability to infer another persons perspective and 

understanding their intentions does not render justice to its complexity. Instead, ToM 

has been regarded as a complex social cognitive ability consisting of multiple 

processes. Taking another’s perspective is often regarded as a core feature of ToM. 

However, it has been suggested that the inhibition of the own perspective may well 

be a necessary feature of perspective taking (Ruby & Decety, 2003; Samson et al., 

2005). That is, inferring another person’s perspective requires successful inhibition of 

the own perspective. This idea was first proposed by Vorauer and Ross (1999) who 

suggested that occasional misapprehensions of other’s mental state may be caused by 

an automatic tendency to assume one’s own mental state as a correct model for 

others (Gilovich et al., 2000; Markus et al., 1985) and that this automatic tendency is 

induced by a failure to suppress one’s own perspective.This automatic tendency may 

be induced by a failure to suppress one’s own perspective, which has been linked to 

limited inhibitory control (Carlson et al., 2004). This was demonstrated in young 

children (Sommerville & Woodward, 2005; Wellman et al., 2001), adults suffering 

brain damage (Apperly et al., 2004; Gregory et al., 2002; Rowe et al., 2001; Stone et al., 

1998) and psychiatric patients [e.g. autism and schizophrenia (Baron-Cohen et al., 

1985; Corcoran et al., 1995; Langdon et al., 2002; Leslie & Thaiss, 1992)]. A two-

component ToM model was proposed comprising (1) a perspective taking 

component and (2) a self-perspective inhibition component (Ruby & Decety, 2003; 

Samson et al., 2005). That is, being able to infer another person’s perspective requires 

successful inhibition of the own perspective. In chapter 2 of this thesis, the 

hypothesis that each component relies on a different neural substrate was discussed. 

Moreover, we discussed the hypothesis that such complex social processes may be 

based upon ‘simple’ cognitive processes such as simple response inhibition. 
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A large body of research has demonstrated that ToM is often impaired in 

patients with schizophrenia [see Bora et al. (2009c) for a meta-analysis], and also in 

their family members (Krabbendam et al., 2001), leading to the proposition that ToM 

may be a trait characteristic of the disorder. Neuroimaging studies have shown 

abnormal activation patterns in medial and lateral prefrontal regions as well as 

inferior parietal regions in patients with schizophrenia while performing ToM tasks 

(Brunet-Gouet & Decety, 2006). Abnormalities in ToM processing have not just been 

described schizophrenia, but also in subjects with an enhanced risk for schizophrenia 

like relatives of patients (Marjoram et al., 2006) and healthy subjects who are prone to 

psychosis (psychosis proneness; PP) (Barragan et al., 2010; Langdon & Coltheart, 

2004; Pickup, 2006; Versmissen et al., 2008). PP, also called schizotypy, refers to a 

broad range of sub-clinical experiences and personality characteristics that are 

related to psychosis in the general population (Claridge et al., 1996; Meyer & 

Hautzinger, 2002). PP subjects are thought to have biological and/or cognitive 

predispositions for the development of psychosis later in life (Lenzenweger, 2006; 

Suhr, 1997). Longitudinal studies have demonstrated that approximately 10% of the 

PP subjects will develop a schizophrenia spectrum disorder in the future (Chapman 

et al., 1994; van Os et al., 2009). This subclinical group of subjects is especially 

interesting because it allows us to study the effects of psychotic like experiences 

without confounding factors such as medication. 

As described above, impairments in ToM have been attributed to a failure in 

the inhibition of the own perspective. In chapter 3 of this thesis self-perspective 

inhibition and other-perspective taking was tested in high and low PP subjects. We 

expected to find behavioral differences in self-perspective inhibition as well as a 

different brain activation pattern between high and low PP subjects. In addition, we 

expected to find a relationship between self-perspective inhibition performance and 

performance on simple response inhibition. If indeed impairments in such inhibitory 

processes underly difficulties in ToM, this may provide clues for improvement of 

such skills through psychotherapy or other forms of cognitive training. 

 

Emotional processing and alexithymia 

Understanding and interpreting the feelings and intentions of others may be related 

to the ability to understand one’s own feelings (Lane & Schwartz, 1987; Moriguchi et 

al., 2006). Identifying one’s emotions, subsequently analyzing these emotions and 

putting these emotions into words (or verbalizing them) is a skill in itself. If one or 

more of these processes is impaired this is called alexithymia, literally ‘no words for 

feelings’ (Sifneos, 1973). Alexithymia is a multidimensional construct that includes 

difficulties identifying one's feelings, describing feelings to other people as well as 

appraising bodily sensations of emotional arousal, constricted imaginary processes 

and an externally oriented cognitive style with a relative lack of introspection 

(Bermond et al., 2006; Sifneos, 1973; Taylor et al., 1997). Alexithymia has been linked 

to emotion regulation difficulties (Connelly & Denney, 2007; Taylor et al., 1997). The 
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concept of emotion regulation refers to a diverse set of processes by which 

“individuals influence which emotions they have, when they have them, and how 

they experience and express these emotions” [cf. Gross (1999) p. 557]. Two well-

studied regulation strategies are emotional suppression or reappraisal of emotions to 

decrease (or increase) emotional response tendencies or affective states (Frijda, 1988; 

Gross, 1998). 

Suppression is defined as the concious inhibition of emotion-expressive 

behavior (facial affect, verbal expression and gestures) during a state of emotional 

arousal (e.g. keeping a poker face when playing cards) (Gross & Levenson, 1993). 

Reappraisal is the reinterpretation of emotionally valenced stimuli in unemotional 

terms (e.g. reinterpreting a disturbing remark so it is less disturbing) (Speisman, 

1964). The use of suppression takes place when the emotion has already been 

generated and results in little or no change in emotional experience. Instead 

reappraisal actually changes the emotional feeling (Gross, 1998). After evaluating 

emotional cues and the triggering of accompanying responses, emotion regulation 

can be seen as the finetuning of emotional responses (Gross, 1998). To what extent 

people use both emotion regulation strategies in daily life can be measured with a 

self-report questionnaire [Emotion Regulation Questionnaire; ERQ (Gross & John, 

2003)]. 

The relationship between alexithymia and impairments in emotion regulation 

has not been investigated in schizophrenia patients, even though higher alexithymia 

scores (Cedro et al., 2001; Stanghellini & Ricca, 1995; van 't Wout et al., 2007) and 

emotion processing impairments have been found in this patient group (Aleman & 

Kahn, 2005; Edwards et al., 2001; Kohler et al., 2003). In chapter 4 the hypothesis that 

schizophrenia patients would score higher on alexithymia and would make more use 

of the suppression strategy of emotion regulation was tested. 

 

Emotion regulation and the brain 

Besides measuring the self-reported use of emotion regulation in daily life through 

questionnaires, underlying neural mechanisms of both reappraisal and suppression 

strategies have been investigated through functional Magnetic Resonance Imaging 

(fMRI) (Goldin et al., 2008; Ochsner et al., 2002). Reappraisal demonstrated an 

increase of activation in dorsolateral and ventrolateral prefrontal cortex (d & vLPFC) 

and dorsal anterior cingulate cortex (dACC) as well as a decrease in the limbic areas, 

such as insula and amygdala at an early stage of the regulation process (Goldin et al., 

2008; Ochsner et al., 2002). Instead, suppression occurred at a later stage in the 

regulation process and produced less activation in medial and inferior frontal regions 

and increased activation in the insula and amygdala (Goldin et al., 2008). Goldin et 

al. (2008) suggested that the PFC is involved in the down-regulation of the amygdala 

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

maintainance or even increase of activation in lymbic areas, such as the amygdala 

and insula. To date, the neural mechanisms underlying these emotion regulation 
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strategies have only been described in healthy subjects. However, there is behavioral 

evidence that schizophrenia patients differ from healthy control subjects with regard 

to the use of both emotion regulation strategies. That is schizophrenia patients make 

more use of the suppression strategy than healthy controls, while they tend to use 

the reappraisal less often (chapter 4 of this thesis; Livingstone et al., 2009). These 

findings may explain the blunted affect (i.e. diminished expression of emotion) in 

schizophrenia patients when experiencing emotions, which has so often been 

described (Kring & Neale, 1996; Morris et al., 2009). 

Not only in schizophrenia patients, but also in their non-affected relatives 

impairments on a range of cognitive tasks as well as abnormalities in emotional 

processing have been demonstrated (Phillips & Seidman, 2008) although less severe 

than in patients (Keshavan et al., 2010; Sitskoorn et al., 2004). In the last decade there 

has been a remarkable increase in studies of first-degree relatives of patients with 

schizophrenia. It is estimated that first-degree relatives of patients with 

schizophrenia share approximately 50% of their genes with their ill relative (Phillips 

& Seidman, 2008) and have a ten-fold increased risk for developing schizophrenia or 

other psychiatric disorders (MacDonald III et al., 2009). Unaffected relatives are free 

from neurophysiologic and psychological changes that may occur as an effect of the 

acute psychotic state. In addition, they are free from the neurophysiological and 

psychological changes induced by antipsychotic medication (MacDonald III et al., 

2009). Thus, these relatives form an excellent focus-point in the search for markers of 

vulnerability and for unraveling the etiology of schizophrenia (Kéri & Janka, 2004; 

MacDonald III et al., 2009). In chapter 5 the neural correlates of emotion regulation 

strategies reappraisal and suppression were discussed for schizophrenia patients as 

well as first degree relatives. Differences between groups in activation of prefrontal 

regions were expected. Since reappraisal requires more prefrontal activation, these 

differences were expected to arise mainly for this regulation strategy. More 

specifically, we expected that patients would be impaired on the reappraisal strategy 

and would demonstrate less activation in prefrontal regions compared to healthy 

control subjects. However, with regard to the relatives, expectiations are more 

difficult to express. If emotion regulation impairments follow a linear process, one 

would expect that relatives would show intermediate activation compared to healthy 

controls and patients. However, some studies indicate that relatives show increased 

activation instead [see MacDonald III (2009) for a review]. This is usually explained 

as a compensatory mechanism, necessary to perform well on a certain task. Thus 

both hypotheses seem valid. We tested the hypothesis that relatives would differ 

from both healthy controls as well as schizophrenia patients, but did not express an 

explicit expectation with regard to the direction of this effect. 

 

Self-reflective processing 

Not only ToM and emotion regulation are important skills for the interaction with 

the social world. Having an accurate representation of one’s traits, abilities and 
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attitudes is essential in the evaluation of one’s own behavior and comparing it with 

the behavior of other human beings. This evaluation process is referred to as self-

reflective processing. To investigate which brain areas are involved in such self-

reflective processing, the most commonly used paradigm uses trait adjectives or 

sentences that are presented to a subject. The subject is subsequently asked whether 

the trait or sentence applies to him/her. Results have consistently pointed to a role of 

medial brain areas encompassing the posterior cingulate cortex (PCC), anterior 

cingulate cortex (ACC) and the dorsomedial as well as the ventromedial prefrontal 

cortex (d & vMPFC), together also called the cortical midline structures (CMS), in 

these self-reflection processes. It has been shown that patients who have suffered 

damage to the CMS have difficulties in properly evaluating the social and cognitive 

difficulties they encounter and often overestimate their capacities as well as their 

performance particularly on cognitively demanding operations (Schmitz et al., 2006). 

Despite the available evidence, this has not allayed misgivings with regard to the 

concept of self-reflective processing (Gillihan & Farah, 2005). More specifically, 

whether the processing of self-reflective information is substantially different from 

the processing of information concerning other people. To concatenate the available 

evidence with regard to the neural basis of self-reflective processing, other-reflective 

processing and the difference between both processes, a meta-analysis of 

neuroimaging findings is presented in chapter 6 in this thesis. We included studies 

administering self-reflection paradigms in which trait characteristics (words or 

sentences) were presented and which reported significant peak activations for 

comparisons between self-reflective processing and baseline, or self-reflective 

processing and other-processing. Based upon the results of the meta-analysis, we 

proposed a model for self- and other-reflective processing. Moreover, in chapter 6 the 

implications of impaired self-reflective processing will be discussed. Dimaggio et al. 

(2008) argued that to be able to recognize emotions in others, one needs to be able to 

recognize one’s own emotions. That is, to be able to put yourself in another person’s 

shoes, you use your own perspective as a basis for the interpretation (Carruthers, 

2009). In addition, recognizing one’s own emotions is needed before subsequent 

regulation of that emotion can be initiated. These suggestions put the process of self-

reflection at the basis of processes such as emotion regulation and ToM, while the 

ability to evaluate yourself also requires ToM. When self-processing is hampered this 

can lead to major problems in the social domain, particularly in the domain of 

behavior modification in a social situation as well as in the recognition of social cues 

(Atkinson & Robinson, 1961). This typically is one of the major problems 

encountered by schizophrenia patients and may not just lead to problems in the 

interaction with other people, but may also bring about problems in the integration 

of such social cues into the own self-image. 

Patients, who experience difficulties in reflecting upon themselves, will most 

likely also have difficulty reflecting upon themselves in the light of their illness, 

symptoms and use of medication. The awareness of illness, symptoms and necessity 

of treatment is also referred to as insight. In chapter 6, the consequences of hampered 
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self-reflective processing in patients with schizophrenia and the possible 

consequences for insight were discussed. 

 

Illness insight 

Lack of illness insight is a common feature in patients with a psychotic disorder and 

refers to the lack of awareness that one suffers from a mental disorder as well as lack 

of awareness regarding the concequences of the disorder and the need to treat these 

symptoms. The concept of illness insight has been fragmented into three components 

by David (1990): (1) the awareness that one suffers from a psychiatric disorder, (2) 

the attribution of symptoms to the disorder and (3) recognizing the need for 

treatment. These three dimensions have been confirmed by factor analyses on 

questionnaires and interviews that assess these differential aspects of insight (David, 

2004). 

Impaired insight has been mentioned as one of the most frequently reported 

symptoms of schizophrenia. Nevertheless, insight is not decribed in DSM nor in ICD 

classifications, despite the emphasis of patients’ societies on the consequences of 

impaired insight for the patient. Lack of insight has been associated with poorer 

global functioning (Dickerson et al., 1997; Pyne et al., 2001; Stefanopoulou et al., 

2009a), severity of psychopathology (Mintz et al., 2003), increased relapse and 

hospitalizations, poorer long term prognosis (Schwartz, 1998), and reduced treatment 

compliance (Kemp & David, 1996; Yen et al., 2005). Obviously, impaired insight often 

leads to frustations in family members and clinicians. The past decade has seen a 

surge of interest not only at the underlying cognitive mechanisms of impaired 

insight, but also in treatment programs aimed at the improvement of insight 

(Lysaker et al., 2010a). 

Prevalence of impaired insight is difficult to estimate, especially since the 

patients with the most impaired insight often do not seek professional assistance. 

Especially this patient group is treated only after a judicial mandate. Prevalence 

numbers of impaired insight vary between 50%-85% of schizophrenia patients 

(Amador et al., 1994; Carpenter et al., 1973; Dam, 2006). Importantly, impaired 

insight is not just problematic in patients with schizophrenia, but also in patients 

with other psychiatric disorders, such as bipolar disorder. In bipolar disorder 

approximately 63 % of the patients have impaired insight comparable to that of 

schizophrenia patients (Dell'Osso et al., 2002; Ghaemi & Rosenquist, 2004; Keck, Jr. et 

al., 1997; Pini et al., 2001; Varga et al., 2006). This mainly applies to patients in the 

manic phase of the illness and to a lesser extent for patients in a euthymic or more 

stable phase of the disorder (Dell'Osso et al., 2002; Ghaemi & Rosenquist, 2004; Varga 

et al., 2006). 

Several instruments for measuring insight are available. One of the most 

widely used interviews administered in schizophrenia patients is the Positive And 

Negative Syndrome Scale [PANSS; (Kay et al., 1987)]. This interview contains one 

item (G12) that assesses insight. Even though this item does not discriminate 
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between different dimensions of insight, it still provides information with regard to 

the insight of the patient. More extensive semi-structured interviews measuring of 

insight are the Scale to Assess Unawareness of Mental Illness [SUMD; (Amador et al., 

1993)], the Schedule to Assess components of Insight -Extended [SAI-E; (Kemp & 

Davis, 1997)], the Insight and Treatment Attitude Questionnaire [ITAQ; (McEvoy et 

al., 1989)]. Finally, self-report questionnaires have been developed to measure 

insight, the Birchwood Insight Scale [BIS; (Birchwood et al., 1994)] and the Beck 

Cognitive Insight Scale [BCIS; (Beck et al., 2004)]. These and other measures of 

insight are discussed in Amador en Kronengold (2004). 

Intuitively one would expect that symptomatology would be associated with illness 

insight, however, this relationship does not appear to be that straightforward 

(McEvoy et al., 1989; Mintz et al., 2003). Mintz and colleagues (2003) reported a 

significant correlation (r = 0.25) between positive symptoms and insight, which was 

the same as the relationship between negative symptoms and insight. Even though 

this effect was statistically significant, the effect is rather small leaving room for other 

explanations for impaired insight. 

Three approaches to investigate the concept of insight can be distinguished: 

(1) the clinical approach, (2) the psychological defense approach and (3) the 

neuropsychological approach. In the clinical approach insight is considered as a 

primary symptom of the disorder (Cuesta & Peralta, 1994). That implies that, like 

other primary symptoms such as hallucinations and delusions, impaired insight 

arises directly from the psychosis. As a secondary symptom, impaired insight would 

be seen as a behavioral response to the occurrence of primary symptoms. This 

clinical approach assumes that there is no relationship between symptomatology and 

hence can be seen as a primary symptom. However, in the literature this 

interpretation is disputed (Cooke et al., 2005). Despite the finding that impaired 

insight is not independent from symptoms (Mintz et al., 2003), independency from 

current symptoms does not justify the complete separation of symptoms and 

impaired insight. Insight also refers to the awareness of current and past symptoms, 

which makes it nearly impossible to consider both concepts independently. 

Moreover, the clinical approach focuses upon this relationship between 

symptomatology and insight and does not go into the underlying cognitive or neural 

processes of insight (Cooke et al., 2005). 

The defense approach assumes that denial is used as a defense system and hence can 

cause impaired insight. Even though this approach is intuitively appealing, not much 

scientific evidence is available to support this hypothesis. Subotnik et al. (2005) 

showed that patients with impaired insight have a higher score on measures of 

psychological defensiveness. These patients scored higher on guardedness, 

psychological suppression, attempting to present oneself in a socially desirable light, 

and social acquiescence. 

The underlying reasoning is that accepting the label of a psychiatric disorder 

has a negative effect on the self-image of an individual, which is reflected in the 

relationship between insight and depression [r=0.18; (Lincoln et al., 2007)]. This 
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implies that the better the insight, the more depressive symptoms or vice versa. The 

direction of this association remains as yet unclear, which complicates the 

interpretation of the relationship. A mediating factor between insight and depression 

has been proposed for internalized stigma (Tranulis et al., 2008a). Accepting a 

diagnosis can be threatening for the self-image as well as for other peoples’ judgment 

of yourself and may induce depressive symptoms. Indeed, patients who have 

internalized the stigma of the society and who have good insight, report more 

depressive symptoms (Lysaker et al., 2005a; Lysaker et al., 2008a; Lysaker et al., 

2008b), while patients with good insight and who did not internalize societies stigma 

report less depressive symptoms (Cooke et al., 2007; Staring et al., 2009). Even 

though this approach is intuitively appealing, it still allows for two diverging 

interpretations: (1) the patient has insight, but refuses to accept this situation and 

thus uses denial as a coping strategy and (2) the denial process occurs 

subconsciously, resulting in a ‘true’ lack of insight in the patient. The denial 

approach does not distinguish between both interpretations. 

The third, most influential approach is the neuropsychological approach, 

which draws a parallel between insight in psychiatric disorder and insight in 

neurological disorders or anosognosia. Anosognosia was first described by Babinski 

(1914). Patients with for example paralysis of limbs can deny that they cannot use 

this limb. Anosognosia can be limited to one domain. That is, patients can deny for 

example paralysis of the hand, but can acknowledge visual handicaps (Marcel et al., 

2004). Even though anosognosia often is more specific and mostly concerns only one 

modality, the parallel between insight in neurological and psychiatric disorders 

suggests that similarly impaired cognitive processes may cause impaired insight in 

psychiatric disorders (Amador & Seckinger, 1997; McGlynn & Schacter, 1997). Thus, 

in the neuropsychological approach of impaired insight in psychiatric disorders, 

cognitive processes resulting from frontal lobe disfunctions are proposed to underly 

impaired insight (Cooke et al., 2005; Larøi et al., 2004; Lysaker & Bell, 1994; Young et 

al., 1993). 

 

Insight and cognitive functioning 

A meta-analysis by Aleman et al. (2006) reported a significant relationship between 

cognitive functioning and insight (r=0.17), of which set-shifting or cognitive 

flexibility and error monitoring were most influential. Cognitive flexibility refers to 

the capacity to switch between cognitive sets, which is often tested with the 

Wisconsin Card Sorting Task (WCST). This task measures the ability to discover 

changes in rules and subsequently adapt ones behavior to this changed rule. Mental 

flexibility is necessary to put the own behavior into perspective. Aleman et al. (2006) 

demonstrated that schizophrenia patients with impaired insight are significantly 

more impaired on this task than patients with better insight. However, the 

association reported in Aleman et al. (2006) can only explain a very small part of the 

variance (3%), indicating that mental flexibility cannot be the whole story. Koren et 
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al. (2004) have administered an adapted version of the WCST in patients with good 

and impaired insight and also asked patients to evaluate their own performance. 

They demonstrated a strong relationship between insight and the ability to evaluate 

the own performance, also called meta-cognition. If this meta-cognitive evaluation is 

applied to the evaluation of ones own traits and capacities, this may be called self-

reflective processing. Lysaker et al. (2005b) have demonstrated that schizophrenia 

patients with good insight were better at evaluating their own thoughts. Importantly, 

they were not just better at the evaluation of the own thoughts, but also at the 

evaluation of the thoughts and actions of other people, theory of mind (ToM). Results 

show that insight will be the best in patients who are able to empathize with others 

(Bora et al., 2007; Langdon & Ward, 2009; Pijnenborg et al., 2010). It was suggested 

previously that insight could improve through perspective taking (Gambini et al., 

2004). Since perspective-taking is thought to be build upon the ability to take the own 

perspective by using the own perspective as a model to infer the mental state of 

others, the common denominator in both processes may be self-reflective processing. 

This makes self-reflection an interesting candidate as a core process that may be 

hampered in impaired insight. 

 

Insight, social cognitive and emotional processing 

The above reasoning illustrates that besides cognition and symptoms of the illness, 

social cognitive and emotional processes may well be important in explaining 

impaired insight. To investigate the additional explanatory power of social factors, 

we investigated neurocognitive measures, symptoms as well as social emotional 

factors in patients with schizophrenia as well as in patients with bipolar disorder. 

Most of the studies that have investigated insight, either looked at social cognition 

and insight or neurocognition and insight. The additional explaining power of both 

concepts with regard to insight in addition to the symptomatology has not been 

investigated before. In chapter 7, the relationship between insight, neurocognitive 

factors, symptoms and social factors in schizophrenia was described. It was expected 

that not only neurocognitive factors and symptomatology would be related to 

insight, but that social cognitive factors would be additionally related to insight. 

Thus, this study investigated the combined explanatory power of all three concepts 

for insight. 

In chapter 8 we investigated a similar relationship between neurocognitive 

factors, social factors and symptoms in patients with bipolar disorder. Some studies 

demonstrated a clear association between neurocognitive performance and insight 

(Adida et al., 2008; Dias et al., 2008; Varga et al., 2006; Varga et al., 2007), while others 

showed no relationship at all on similar measures (Arduini et al., 2003). The 

association between social factors and insight in bipolar disorder has not been 

investigated to date. This is remarkable in view of impairments in social and 

emotional processing that are present in bipolar patients, such as the perception of 

emotional stimuli and emotional faces (Bozikas et al., 2006; Kalmar et al., 2009; 
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Phillips et al., 2008; Summers et al., 2006), emotion regulation (Wessa et al., 2007) and 

emotional memory (Kauer-Sant'Anna et al., 2008). In addition, we investigated the 

mediating influence of lifetime psychotic features in the bipolar patients, since 

insight is sometimes considered as a core feature in psychosis (Kraepelin, 1919) and 

patients with lifetime psychotic features demonstrate worse cognitive impairment 

than patients without lifetime psychotic features (Bora et al., 2009b; Bora et al., 2010). 

Similar to our expectations with regard to insight in schizophrenia, we expected to 

find the most explanatory power in a model that encompasses neurocognition, 

symptomatology as well as social cognitive factors. 

Finally, in chapter 9, we discussed and combined the findings of the presented 

studies. Furthermore, the clinical implications of the findings and directions for 

future research were explored. 

 

In sum, in this thesis mental processes that we all use in daily social interactions, 

which may be compromised in patients with schizophrenia and bipolar disorder are 

presented. More specifically, such abnormalities may mediate the extent to which a 

patient is able or willing to consider the implications of the disorder from which 

he/she is suffering, the symptoms that are defining the disorder and the treatment 

that may be necessary to overcome many difficulties and consequences that come 

with the disorder. The topics that are addressed in this thesis are still subject of our 

current research interest. Therefore, in the time to come, we hope to be able to 

present more results with regard to the proposed relationship between insight in 

schizophrenia and bipolar disorder and the importance of social cognitive processing 

in this relationship. 
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Abstract 
Background Taking the perspective of somebody else (Theory of Mind; ToM) is an 

essential human ability depending on a large cerebral network comprising prefrontal 

and temporo-parietal regions. Recently, ToM was suggested to consist of two 

processes: (1) self-perspective inhibition and (2) belief reasoning. Moreover, it has 

been hypothesized that self-perspective inhibition may build upon basic motor 

response inhibition. 

 

Method Both self-perspective and motor response inhibition yielded bilateral inferior 

frontal gyrus (IFG) activation, suggesting a common inhibitory mechanism, while 

belief reasoning was mediated by the superior temporal gyrus (STG) and temporo-

parietal junction (TPJ).  

 

Results Both self-perspective and motor response inhibition yielded bilateral inferior 

frontal gyrus (IFG) activation, suggesting a common inhibitory mechanism, while 

other-perspective taking was mediated by the superior temporal gyrus (STG) and 

temporo-parietal junction (TPJ).  

 

Conclusions Thus, we provide neurobiological evidence for a subdivision of ToM 

into self-perspective inhibition and belief reasoning. Furthermore, evidence for 

partially shared neural mechanisms for inhibition in complex social situations and 

basic motor response inhibition was found.
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Introduction 

The past decade has shown a surge of interest in the neural basis of Theory of Mind 

(ToM), also referred to as perspective taking, a broad concept encompassing the 

capacity to understand other people’s mental state [see Carrington & Bailey (2009) 

for a review]. This understanding can refer to how other people are feeling 

emotionally, but can also refer to the understanding that the other person may have a 

different belief or knowledge in a given situation as well as the understanding of the 

subsequent behavior of this other person. How this understanding is established is 

an ongoing subject of debate. Clearly, this ToM ability is crucial in social interactions 

and for the development of social behavior. Impaired ToM can result in severe 

problems in social interactions, as is the case in several psychiatric and neurological 

disorders. 

It has been suggested that the inhibition of the own perspective may well be a 

necessary feature of perspective taking (Ruby & Decety, 2003; Samson et al., 2005). 

That is, inferring another person’s perspective requires successful inhibition of the 

own perspective. This idea was first proposed by Vorauer and Ross (1999) who 

suggested that occasional misapprehensions of other’s mental state may be caused by 

an automatic tendency to assume one’s own mental state as a correct model for 

others (Gilovich et al., 2000; Markus et al., 1985) and that this automatic tendency is 

induced by a failure to suppress one’s own perspective. Such misapprehensions have 

been linked to limited inhibitory control (Carlson et al., 2004) and have been 

demonstrated in young children (Sommerville & Woodward, 2005; Wellman et al., 

2001), adults suffering brain damage (Apperly et al., 2004; Gregory et al., 2002; Rowe 

et al., 2001; Stone et al., 1998) and psychiatric patients [e.g. autism and schizophrenia 

(Baron-Cohen et al., 1985; Corcoran et al., 1995; Langdon et al., 2002; Leslie & Thaiss, 

1992)].  

Samson et al. (2005) recently tested the hypothesis that the inhibition of the 

own perspective is necessary for correct other perspective taking in brain lesioned 

patients. They demonstrated in a case study that a lesion in the right inferior frontal 

gyrus (IFG) results in a specific inability to inhibit the own perspective. Moreover, 

they demonstrated that in a condition where one should take the perspective of 

another subject, but no inhibition of the own perspective was necessary, this same 

patient was perfectly able to perform the task. Based on this experimental evidence, 

Samson et al. (2005) proposed a subdivision of ToM into two separate components 

(1) inhibition of the own perspective (2) taking another’s perspective. They proposed 

that the IFG is a critical region for self-perspective inhibition. The IFG has indeed 

been reported in multiple ToM studies (Carrington & Bailey, 2009). Furthermore, 

Samson et al. (2004) demonstrated in another lesion study, that the temporo-parietal 

junction (TPJ) is critical in other-perspective taking. Even though this evidence 

strongly supports such a subdivision of ToM, no neuroimaging studies have 

specifically investigated this distinction.  
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Studies have consistently demonstrated involvement of the superior and middle 

temporal gyrus (STG, MTG), TPJ, temporal poles, posterior cingulate 

cortex/precuneus and medial as well as lateral frontal regions such as the IFG in ToM 

[see Carrington et al. (2009) and Legrand and Ruby (2009) for reviews]. Brass et al. 

(2009) and Spengler et al. (2009) have assigned a role for the anterior medial frontal 

cortex and TPJ in, amongst others, ToM. They proposed that these areas are involved 

in the control of shared representations and the ability to distinguish between self 

and other processing. Saxe et al. (2006) investigated the recruitment of brain areas 

using two tasks identical in executive demands, but differing in perspective taking 

demands. They demonstrated that perspective taking was mediated by the TPJ. 

Similarly, Vogeley et al. (2001) demonstrated TPJ involvement in self-perspective 

taking as well as other perspective-taking. In the current study the inhibitory task 

load in ToM was manipulated instead, while other-perspective taking demands 

remained the same [based on Samson et al. (2005) and Apperly et al. (2004)] to 

specifically investigate the self-perspective inhibition component of ToM.  
Interestingly, the IFG has been shown to mediate the inhibition of simple 

motor responses (Aron et al., 2004; Liddle et al., 2001; Menon et al., 2001; Rubia et al., 

2003). Samson et al. (2005) suggested that simple response inhibition and more 

complex social processes may share common neural inhibitory mechanisms. Several 

studies have demonstrated a behavioral association between inhibitory control and 

ToM (Carlson et al., 2004; Hala et al., 2003). Russell et al. (1996) demonstrated that the 

development of ToM is linked to the development of executive functions and even to 

elementary processes such as response inhibition. There is a body of research 

suggesting that the development of executive functioning is related to the maturation 

of the frontal cortex, just like ToM [see Decety and Jackson (2004) for a review]. 

Therefore, we additionally conducted a simple response inhibition paradigm. This 

allowed us to study the overlapping neural mechanisms of inhibition in simple 

motor response inhibition and self-perspective inhibition.  

 

In sum, the hypothesis of ToM as a two-component process, self-perspective 

inhibition and other-perspective taking was tested. We expected that self-perspective 

inhibition would be mediated by the IFG, whereas other-perspective taking would be 

mediated by the STG and TPJ. Furthermore, we expected overlapping activations in 

the bilateral IFG in response inhibition and self-perspective inhibition.  

 

Materials and Methods 

Subjects 

19 healthy undergraduate students (9 female, 10 male; mean age 21.6, SD 2.6) of the 

University of Groningen participated in the study. None of the subjects reported a 

history of psychiatric or neurological disease. Subjects were recruited on the basis of 

questionnaires distributed in 600 university students and were selected on the basis 
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of a score below 10 pts on self-reports of depression (Beck et al., 1996) (mean = 2.58, 

SD = 2.41), and a score below 1,2 pts on self-reports of psychosis-proneness (Konings 

et al., 2006) (mean = 1.12, SD = 0.04). The latter was done to control for the effect of 

psychopathology, which may affect self-awareness (Stefanis et al., 2002). All subjects 

were native Dutch speakers. One of the subjects was left-handed, but since no 

abnormal brain activation patterns were found, this subject was included in the 

study. All subjects signed informed consent prior to participating in the study.  

 

Procedure 

All subjects performed two experimental tasks in the scanner, a ToM paradigm and a 

response inhibition paradigm (stop-signal). The order of the tasks was 

counterbalanced between subjects, to prevent any order effects. The session lasted 

approximately 60 minutes for each subject. 

 

Experimental Tasks 

Theory of Mind  

A ToM computer task, consisting of short movie clips, adapted from Samson et al. 

(2004; 2005) and Apperly et al. (2004), was administered. The original movie clips 

(courtesy to Dr. D. Samson, University of Nottingham, UK) were shortened to an 

average length of 21 seconds to make the task more suitable for fMRI research. Each 

trial consisted of a fixation cross (1,5 sec), followed by the movie clip (21 sec) and a 

question-response period (5 sec). Key elements in each movie clip were a male and a 

female actor and a green object located in one of two boxes. At varying moments the 

female actor provides a clue, by placing a pink note on one of the two boxes to 

indicate the location of the green object. As the woman leaves the room the man 

changes the location of the boxes, which results in the woman experiencing a false 

belief. At the end of the movie clip the subjects were required to answer a question 

either about the belief of the woman or about the location of the object. See figure 1 

for a schematic representation of the task.  

The task consisted of three conditions; (1) a High-Inhibition condition (HI) in 

which prior information about the location of the objects was provided to the subject. 

To make a correct decision, this information (the subjects own perspective) should be 

inhibited and perspective taking should be applied (see figure 1a), (2) a Low-

Inhibition condition (LI), in which no prior information was provided to the subject 

and only perspective taking was necessary for correct decision making (see figure 

1b), (3) a Baseline condition (BC) in which neither perspective taking, nor inhibitory 

processes were required (see figure 1c). 

The content of the movie clips was nearly identical as that of the original 

stimuli. However, to make the task suitable for fMRI research, the HI and LI 

conditions needed to be as similar as possible so they would only differ with regard 

to the prior knowledge of the subjects. This required some minor modifications. In 

the original movie clips in the HI condition, the green object was transferred from  
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Figure 1. Schematic representation of ToM paradigm. (a) In the High Self-Inhibition condition the clue is provided 

before the switch of the boxes, so the subject needs to inhibit the knowledge about the true location AND infer the false 

belief of the woman to answer the question. (b) In the Low Self-Inhibition condition the clue is provided after the 

switch, so the subject should realize, by inferring the false belief of the woman, that the clue no longer indicates the 

correct location. NO inhibition of any information is necessary. (c) In the Baseline condition, the object is transferred in 

clear sight, which makes the question about the location of the object very straightforward. There is no need to consider 

the woman’s false belief, nor any need to inhibit any information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

one box to the other in plain sight of the subject (while the woman was away). In our 

task, we used the LI video clips and manipulated the timing of the hint that was 

given to the subject to differentiate between location known and location unknown. In 

the HI condition the hint was provided before the woman left the room. The boxes 

were switched when the woman was away. Upon her return, the subject had to 

indicate in which box she believed the green object to be. Thus the own knowledge of 

the subject had to be inhibited and the perspective of the woman had to be inferred 

for a correct answer. In the LI condition on the other hand, the hint was not provided 

until the woman returned to the room. Thus, the boxes were switched while the 

subject had no clue where the green object was. The hint was provided after the 

woman returned to the room. The subject then had to infer the perspective of the 

woman and based on that, the subject could tell the location of the green object. So no 

information had to be inhibited, but the subject did have to infer the perspective of 

the woman to answer the question.  
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All conditions were administered in the fMRI scanner. Each condition entailed 

24 movie clips, 12 in which the hint was presented on the left box and 12 on the right 

box. Other than the left/right difference, the movie clips within conditions were 

identical. Six filler items per condition were added to make sure the upcoming 

questions were unpredictable to the subjects. In these filler items, the questions for 

HI and LI conditions were switched. Thus the upcoming question could not be 

predicted from the video. This resulted in a total of 90 trials, administered in five 

sessions of 18 pseudo randomized trials, to ensure a similar number of trials of each 

condition per session.  

 

Stop-signal  

This task was modeled after Rubia et al. (2003), see figure 2 for a schematic 

representation of the task. Subjects were presented with arrows pointing left or right 

(equally balanced; duration 500 ms) and had to press a key corresponding the 

direction of the arrow (go-condition). In the stop-condition, an arrow pointing 

upward was presented beside the arrow pointing left or right and appeared either 

just after or simultaneously with the first arrow. In this case, subjects should hold 

back their response. The task included an algorithm for the time between the 

presentation of the arrow left/right and the arrow pointing upwards, which enabled 

us to manipulate the difficulty of the task. This was done to ensure that the 

percentage correct in the inhibitory condition was always around 50 % and thus of 

equal difficulty for all subjects [see Rubia et al. (2003)] for a more detailed description 

of the algorithm]. To make the occurrence of the inhibitory trials unpredictable for 

subjects, this was set to only 20 % of the trials. This resulted in a total of 160 Go trials 

and 40 Stop trials. To ensure that a stop trial was never directly followed by another 

stop trial, one stop trial was always followed by three go trials [cf. Rubia et al. 

(2003)]. Both the Go and the Stop trials were always followed by a blank screen with 

a jittered duration (1400-2200 ms). In addition, a 20 second fixation cross was 

included at the end of the task, to ensure a proper implicit baseline. Each subject 

completed a five minute practice session to ensure a good understanding of the task.  

 

Scanning technique 

Subjects were positioned in a 3.0 Tesla whole-body scanner (Philips Intera, Best, NL). 

The head was kept in position by foam cushions on each side of the head and an 

elastic band around the head. Stimuli were projected by a beamer onto a screen 

visible to the subject via a mirror within the scanner. Responses were given by using 

the two most outward buttons of a four-button button box to indicate left or right 

box / arrow.  

 

Scanning Parameters 

Functional images were acquired using a sense-8 head coil. A total of 1309 functional 

volumes for the ToM paradigm and 280 for the stop-signal paradigm were acquired  
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Figure 2.  Schematic representation of the 

Stop-signal task. On the left (A) the go 

conditions. Subjects simply pressed the 

button to the left or right upon presentation 

of the stimulus. On the right (B) the stop 

condition. In this condition, the arrow 

pointing left or right was presented. 

Subjects then prepared for the response. At 

variable time intervals, an arrow upward 

was presented, which was the sign to the 

subject that the response should be 

inhibited. By varying the time interval 

between the arrow left/right and the 

additional arrow upward, the difficulty of 

the trial could be manipulated. This 

resulted in a percentage correct of about 

50% for all subjects. 

by T2*-weighted echo planar images consisting of 37 interleaved 3.5 mm thick axial 

slices with a 0 mm gap (EPI, TR = 2.00 s, TE = 35 ms, flip angle = 70°, FOV = 224 mm, 

64 x 64 matrix of 3.5 × 3.5 × 3.5 voxels). Slices were acquired interleaved and oriented 

parallel to the AC-PC plane. A T1-weighted 3D fast-field echo (FFE) anatomical 

image parallel to the bicommissural plane was acquired covering the whole brain 

(160 slices; TR = 25 ms; TE = 4.6 ms; slice-thickness = 1 mm; 256 × 256 matrix; FOV 26 

cm; voxel size, 1 × 1 × 1 mm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

FMRI Statistical analyses  

The fMRI data were converted with MRI-cro (from Philips PAR to Analyze) and then 

analyzed using Statistical Parametric Mapping (SPM5), run in MATLAB 7 (The 

MathWorks Inc., Natick, MA, USA). All functional images were slicetime corrected 

and realigned. Subsequently, images were coregistrated with the anatomical T1 

image and spatially normalized to standard stereotactic space (MNI T1 template). 

Images were spatially smoothed with a 3D isotropic Gaussian kernel (FWHM 10 

mm). A high-pass filter of 1.1 times the longest period between two subsequent trials 

of the same condition was used to filter out systematic low-frequency activation 

unrelated to the task. Only correctly answered items were used in the analyses for 

both paradigms. Contrasts for the ToM were made for the question-response period, 

since the assignment became clear at this moment (during the movie clips, the 

upcoming question was still unpredictable). To minimize the amount of noise in the 

signal, a fixed duration of two seconds was used for all ToM trials, since the vast 

majority of the response times were below two seconds.  

Analysis at group level was carried out using a random effects model. 

Contrasts of interest for the ToM were (HI > LI) for self-perspective inhibition and 

[(HI + LI ) > BC] for other-perspective taking. The contrast of interest for the stop-
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signal was (Stop > Go). All contrasts were tested using one sample T-tests. Analyses 

were thresholded at p < 0.001; all presented activations survived a False Discovery 

Rate (FDR) correction at p < 0.05. The minimally activated number of voxels in a 

depicted cluster was set to 20.  

 

Results 

Behavioral data 

Theory of Mind  

Behavioral data for the self-inhibition task are presented in table 1. Two repeated 

measures analysis were conducted, for reaction time and for accuracy, with Condition 

(HI, LI, BC) as a within subjects factor. These analyses showed that reaction times 

between conditions differed significantly (F (2,35) = 101.9, p < 0.0001). Planned 

comparisons indicated that all conditions differed significantly from one another (p < 

0.001 for all comparisons). With regard to accuracy no significant main effect for 

condition was found (p > 0.05).  

 

Stop-Signal 

Analyses of the behavioral results of the stop-signal paradigm (see table 1) confirmed 

the (50%) percentage correct mentioned in the method section, indicating that the 

algorithm worked properly. Furthermore, no differences were found in reaction 

times between the inhibitory conditions presented before or after the stop trials (p > 

0.05). However, accuracy of go trials did decrease significantly after incorrect stop 

trials (F (1,18) = 15.27, p < 0.001). Thus, the accuracy of the stop trial did not influence 

the reaction times, but did influence the accuracy of the consecutive go trial.  

 

Imaging Results 

Theory of Mind  

Figure 3 a and b depict activation patterns for the (HI > LI) contrast, table 2 lists all 

significant peak activations. As hypothesized, the (HI > LI) contrast yielded 

activation in the bilateral IFG. Furthermore, increased activation was found in the HI 

condition in the dorsomedial prefrontal cortex (dMPFC) and insula, areas commonly 

activated in paradigms testing self-reflective processing. Other areas demonstrating 

increased activation in the HI condition include the left superior and middle 

temporal gyrus (STG; MTG), left TPJ and left precuneus.  

 The experimental ToM conditions (HI + LI) versus the baseline control (BC) 

condition, did not demonstrate any significant activations. This may have been due 

to implicit perspective taking and self-perspective inhibition in the baseline 

condition, which is also suggested by the longer reaction times for the BC compared 

to LI. Therefore, to get a clear picture of overlapping perspective taking processes, 

we contrasted HI, LI and BC conditions with a fixation baseline [Family Wise (FWE)  
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Table 1. Behavioral results self-inhibition task and stop-signal task. Reaction times mean, SD and accuracy scores 

 

 
 Mean RT (sec) SD (sec) Accuracy (%) 

ToM task      

  HI  1,34 0,28 97,60 

  LI  0,93 0,25 97,10 

  BC  1,17 0,34 99,10 

Stop signal task     

 Go  490 100 97 

 Stop  - - - - - - 50 

 Go after correct Stop 479 98 100 

 Go after incorrect Stop  495 102 97 

Table 2. Peak activations for the HI > LI condition. All presented clusters survived FDR 

correction (p < 0.05) 
    MNI coordinates 

Brain region left / right Brodmann  

Area 

Clustersize 

(voxels) 

x y z T-value 

        

Lingual gyrus L 17/18/19/30 2756 -24 -76 -8 8.41 

 R   10 -84 -2 7.74 

 R   18 -76 -12 6.92 

IFG L 6/9/13/44/ 1872 -38 0 42 7.52 

 L 45/46/47  -40 10 28 7.25 

 L   -52 16 18 6.81 

Middle temporal gyrus /  L 21/22/39/40 953 -56 -38 0 7.01 

TPJ L   -56 -10 -12 5.56 

 L   -56 -54 16 5.48 

Cuneus L 18/19 276 -18 -94 20 5.71 

 L   -32 -84 14 4.38 

dMPFC L 6/8/32 474 -6 16 46 5.44 

 L   -4 6 60 4.97 

 L   -2 16 56 4.55 

midbrain L -- 42 -2 -28 -4 5.11 

superior parietal lobe L 7 156 -28 -56 44 4.85 

precuneus L 7 236 -10 -86 44 4.52 

 L   -6 -52 46 4.52 

 L   -4 -80 44 4.33 

IFG R 13/45/47 69 32 22 6 4.49 

 R   34 26 -2 3.97 

Cuneus R 19 53 30 -86 20 4.29 

 R   36 -88 14 4.13 
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Table 3. Peak activations for the HI > fixation, LI > fixation and BC > fixation conditions. All 
presented clusters survived FWE correction (p < 0.05) 
     MNI coordinates 
Condition Brain region left/right Brodmann  

Area 

Clustersize 

(voxels) 

x 

 

y z T-value 

         
HI-fixation Insula/IFG L 13/47 587 -26 24 4 16.15 
     -35 22 12 7.98 
 IFG/middle frontal gyrus/  L 4/6/9/44/45 1220 -52 18 18 11.39 
 precentral gyrus L   -30 -2 54 11.36 
  L   -42 2 44 11.72 
dMPFC / anterior cingulate cortex L 6/8/24/32 1927 -8 18 36 15.31 
 supramarginal gyrus /TPJ L 2/7/40 1962 -44 -52 42 14.78 
 precuneus L 21/22 406 -56 -42 -2 13.89 
  R 7 115 14 -68 46 10.74 
 lingual gyrus L 18 599 -8 -82 -10 12.72 
  R 18 211 24 -78 -10 10.50 
 STG / TPJ L 40 215 -56 -54 18 12.03 
 cerebellum R -- 51 8 -68 -22 9.65 
 angular gyrus R 40 190 34 -58 42 9.56 
 precentral gyrus R 3/4/6 352 38 -8 54 9.52 
 culmen R -- 396 32 -54 -30 12.79 
 thalamus L -- 498 -8 -20 -2 11.17 

         
LI-fixation supramarginal gyrus / TPJ L 40 658 -30 -58 42 10.02 
 inferior parietal lobe R 40 75 36 -58 46 9.42 

 MTG L 21 60 -54 -48 -2 10.14 
 dMPFC / anterior L 6/24/32 1298 -6 -4 54 12.71 
 midbrain / thalamus R -- 199 10 -16 -4 10.53 
 insula L 13 360 -32 20 2 11.29 
 precentral gyrus / insula L 13 493 -52 4 14 12.14 
  L 6 48 -34 -12 62 9.34 
 postcentral gyrus R 3 114 44 -24 44 8.64 
  R 4 27 44 -16 58 8.24 
 culmen L -- 142 -28 -52 -34 11.22 
  R -- 60 32 -52 -30 9.07 
 cerebellum L -- 69 -6 -70 -26 10.35 
  R -- 75 8 -66 -26 10.20 

         
BC-fixation superior / inferior parietal L 2/40 1135 -42 -44 40 13.04 
 MTG L 22 179 -58 -36 0 11.06 
 middle frontal gyrus L 6 79 -30 -2 50 12.72 
 Precuneus L 7 40 -4 -70 42 8.24 
  R 7 174 14 -70 46 9.06 
 dMPFC L 6/24/32 1505 -8 12 36 12.54 
 insula L 13/47 511 -26 26 2 12.17 
  R 13 128 38 10 0 9.61 
  R 13 27 44 2 8 9.09 
 IFG R 47 25 34 28 -2 8.37 
 lingual gyrus L 18 68 -8 -78 -10 9.40 
  R 18 33 16 -76 -10 8.45 
 precentral gyrus L 6 23 -36 -10 60 8.80 
  R 3/4/6 277 54 -16 42 9.72 
 cerebellum L -- 40 -30 -52 -32 8.65 
  R -- 86 40 -58 -34 9.54 
 midbrain / thalamus L -- 608 -4 -16 -12 14.67 
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Figure 3. Activation patterns for the ToM task. a). Saggital view of activation pattern in HI-LI conditions. 

Represented slices from left to right at respectively x = -56, -51, -46, -37, -3, 35 coordinates in MNI space. b) 

Axial view of HI-LI conditions. Represented slices from left to right at respectively x = -5, 3, 17, 21, 28, 33 

coordinates in MNI space. c) Activation in Baseline condition versus fixation plus. Represented slices from left 

to right at respectively x = -56, -51, -46, -3 coordinates in MNI space. d) Activation in Low-Inhibition condition 

versus fixation plus. Represented slices from left to right at respectively x = -56, -51, -46, -3 coordinates in MNI 

space. e) Activation in High-Inhibition versus fixation plus. Represented slices from left to right at 

respectively x = -56, -51, -46, -3 coordinates in MNI space. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

corrected (p < 0.05), with a minimum of 20 voxels per cluster]. Areas of overlapping 

increased activation included the left STG, TPJ, MTG, supramarginal gyrus, superior 

parietal lobe, insula, dMPFC and precuneus (see figure 3 c-e; see table 3 for all 

significant peak activations). Finally, to support our findings of the (HI-LI) contrast 

we have assessed the contrast (HI–BC), which indeed revealed a similar activation 

pattern as the (HI-LI) contrast with clusters in the IFG, STG, MTG and TPJ (cluster 

corrected for multiple comparisons). 
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Figure 4. Activation patterns for the Stop > Go condition. Slices represent activation patterns in a) the left 

hemisphere at x =  -51, -46, -40, -37 coordinates in MNI space. b) in the right hemisphere at x =  51, 46, 40, 37 

coordinates in MNI space.  

 

Stop-signal  

Figure 4 depicts activation patterns for the (Stop > Go) contrast, table 4 lists all 

significant peak activations. As hypothesized, bilateral IFG activation was found in 

this contrast. Additional activation was observed in the insula, bilateral MTG and 

post central gyrus.  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Peak activations for the Stop > go  condition. All presented clusters survived 

FDR correction (p < 0.05) 
    MNI coordinates 

Brain region left/right Brodmann  

Area 

Clustersize 

(voxels) 

x y z T-value 

        
IFG L 47 161 -48 20 -8 5.28 
 R 13/22/38/47 1075 58 6 0 6.56 
superior / middle frontal R 10 616 16 60 26 8.15 
 R   38 58 2 6.48 
 R 8 192 16 34 42 5.96 
anterior cingulate cortex L 32 218 -6 42 12 5.70 
postcentral gyrus L 2/3/4/5/40 857 -48 -30 54 9.05 
MTG / middle occipital L 19/37/39 1322 -60 -56 2 6.22 
 L   -44 -76 - 6.66 
TPJ R 13/40/41 115 44 -34 16 5.03 
supramarginal gyrus / R 2/3/4/7/19 4352 56 -54 34 10.57 
gyrus R 21/22/37/40  32 -42 66 7.23 
Inferior parietal lobe L 40 200 -60 -52 38 5.38 



Chapter 2 

 

 38 

Figure 5. Activation patterns for the Stop > Go condition (in green), HI-LI conditions (in yellow) and 

overlapping activation highlighted within the red circles. Slices represent activation patterns in a) the left 

hemisphere at x =  -51, -47, -42, -40, -37 coordinates in MNI space. b) the right hemisphere at  

x =  31, 34, 36, 38, 41 coordinates in MNI space. c) in axial view at z = -10, -8, -6, -2, 0 coordinates in MNI space. d) 

in coronal view at y = 28, 25, 22, 20, 18, 16  coordinates in MNI space.  

 



Inhibit your self and understand the other 

39 

Overlap Theory of Mind and Stop-Signal 

To check for common regions in self-perspective inhibition and simple response 

inhibition, (HI > LI) and (Stop > Go) contrasts were analyzed with an explicit 

anatomical mask of the IFG, generated with the WFU pickatlas toolbox in SPM5, 

since we expected overlapping activation in the IFG specifically. Activation patterns 

for the contrasts (HI > LI) and (Stop > Go) were overlayed (see figure 5) and 

demonstrated common activation in the bilateral IFG (BA 47). 

 

Discussion 

The aim of this study was twofold; first, we investigated whether the ToM concept 

can be subdivided into two components (1) self-perspective inhibition and (2) other-

perspective taking (Samson et al., 2005), based on functional MRI data. Second, we 

investigated whether this higher order social cognitive process may share neural 

mechanisms with simple inhibitory processes, such as motor response inhibition. The 

combination of a complex social cognitive task, hypothetically involving an 

inhibitory process, and a simple motor response inhibition task allows us to draw 

conclusions about shared underlying neural mechanisms. 
Our finding of distinct activation patterns for both ToM components support 

the distinction for ToM as proposed by Samson et al. (2005). Thus, the processes of 

inhibiting one’s own perspective and taking the perspective of another can be 

differentiated at a neural level. Subjects were significantly slower on the HI trials 

than on the LI trials, indicating that the extra inhibitory process makes the trial more 

difficult. 
Most importantly, the bilateral IFG, dMPFC and insula were specifically 

involved in self-perspective inhibition (see figure 3 a/b). This corroborates and 

extends previous findings from a large number of studies implying an important role 

for these brain regions in the processing of self-relevant information [see van der 

Meer et al. (2010) for a meta-analysis]. The insula and IFG play an important role in 

the cognitive control of affective as well as non-affective stimuli (Ochsner, 2005), 

which in relation to the current findings may reflect the inhibition of the self-

perspective. The importance of the IFG in self-perspective inhibition is reflected in 

the results of Samson et al. (2005). Similarly, Russell et al. (2000) demonstrated that 

activation in the left IFG was decreased in patients with schizophrenia and that this 

decrease was related to misattributions of mental states. Activation within the IFG 

(more specifically BA 44) has also been associated with mirror activation, which is 

evoked upon both performing an action as well as upon the observation of an action 

[see Caspers et al. (2010) for a review]. Such mirror activation may be employed for 

the simulation of the observed actions. However, the current results encompass a 

larger region than only BA 44 (see table 2), which suggests that the IFG is not only 

involved in the simulation of the observed action (Gallese & Goldman, 1998), but also 

in the inhibition of this simulation in case such simulation does not serve as a proper  
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model for understanding the other persons actions. The role of the insula in self-

perspective inhibition may lay in the importance of this area in awareness of self-

related information, affective as well as non-affective (Craig, 2009). Decreased 

activation in the anterior insula has been related to for example impairments in 

discriminating self generated from other generated stimuli (Allen et al., 2004) and 

self-body perception (Orbach et al., 1966; Traub et al., 1967) in patients with 

schizophrenia. The dMPFC activation induced by the current task seems to be rather 

posterior. However, if one examines the recent review by Legrand and Ruby (2009), 

such posterior regions of the dMPFC are reported more often in ToM tasks. Other 

meta-analytic data (Ridderinkhof et al., 2004) suggested that the posterior dMPFC 

activation is involved in conflict monitoring. Combining both studies of 

Ridderinkhof et al. (2004) and Legrand and Ruby (2009) with the results of the 

current task may suggest that such a conflict can be found in the difference between 

the own-perspective and the other-perspective.  

Finally, left MTG and left TPJ activation was found in the HI condition. These 

regions have been observed in numerous studies of ToM processing (Apperly et al., 

2004; Carrington & Bailey, 2009; Frith & Frith, 1999; Legrand & Ruby, 2009; Ruby & 

Decety, 2003; Saxe & Kanwisher, 2003) and can be related to other-perspective taking. 

More specifically, the MTG has been associated with the categorization of objects for 

perception and action (Beauchamp & Martin, 2007) including the distinction between 

self and other faces (Platek et al., 2006). In addition, the TPJ has been suggested to 

play a role in the distinction between self and other generated events (Brass et al., 

2009; Spengler et al., 2009). In concordance with this suggestion, Decety and Grezes 

(2006) proposed that the role of the TPJ in mentalizing lies in the awareness of 

differences as well as similarities between the self and the other. These results may 

support the claim made by Ruby and Decety (2003), that failing to suppress the own 

perspective will result in failure to take the perspective of a third person due to the 

dominance of the own perspective. When this process of self-inhibition is performed 

correctly, the belief reasoning can be executed without the strong bias of the own 

person.  

Legrand and Ruby (2009) discussed the role of self-specificity [that is to what 

extent is a process specific to the self and not for the non-self; see Legrand and Ruby 

(2009) for a conceptual discussion] in, amongst others, ToM. They came to the 

conclusion that the use of the own perspective as a model for perspective taking, also 

referred to as the simulation theory (Gallese & Goldman, 1998), does not suffice as an 

explanation for the understanding of the beliefs and intentions of others. The current 

findings suggest that if the other-perspective is the same as the self-perspective, 

using the own perspective as a model should result in correct attributions. However, 

if the self- and other-perspective are different, using the own perspective as a model 

will result in misattributions. Such misattributions are observed in young children 

(Sommerville & Woodward, 2005; Wellman et al., 2001), brain damaged patients 

(Apperly et al., 2004; Gregory et al., 2002; Rowe et al., 2001; Stone et al., 1998) and in 
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patients with psychiatric disorders such as autism and schizophrenia (Baron-Cohen 

et al., 1985; Corcoran et al., 1995; Langdon et al., 2002; Leslie & Thaiss, 1992).  

Regarding the second component, taking the perspective of another person, 

the activation pattern contains left STG and MTG activation as well as left 

supramarginal gyrus, TPJ and precuneus activation (see figure 3 c-e). These areas 

have been shown to be involved in the perspective taking process (Carrington & 

Bailey, 2009; Legrand & Ruby, 2009). More specifically, this study demonstrated that 

these areas are activated both in the HI and the LI condition. Both conditions were 

similar in other-perspective taking demands, confirming the involvement of these 

regions in taking the perspective of another person and not in the inhibition process 

of the own thoughts and beliefs.  

The activation of the current study is mostly left lateralized, with the 

exception of the IFG and insula. In the literature, both only left and only right as well 

as bilateral activation patterns have been described for ToM (Carrington & Bailey, 

2009; Legrand & Ruby, 2009; Morin, 2010). Our results are in concordance with the 

results of Samson et al. (2004). These authors demonstrated with the same ToM task 

as the current study that the left TPJ is essential for other-perspective taking. Other 

data suggested that the causal attribution of events to the own person is mediated by 

the right TPJ, and to another person is related to the left TPJ (Seidel et al., 2010). This 

fits with the current study in which subjects were asked to attribute mental states to 

another person.  

 These results are in accordance with the model put forward by Jeannerod and 

Anquetil (2008). They proposed a two-step model of perspective-taking in which a 

subject first places him/herself at a third person location. Synchronous to this action, 

the subject simulates the observed action from the third person. Using a grasping 

paradigm, the authors demonstrated similar activation in the superior parietal lobe 

and STG for other-perspective taking, as was found in the current study. 

Complementary results were found by Saxe et al. (2006), who specifically 

investigated other-perspective taking processes independent of executive 

functioning, by manipulating perspective taking demands, while executive demands 

remained identical. They found that belief reasoning specifically recruits the TPJ. 

Furthermore, Vogeley et al. (2001) investigated whether self-perspective taking and 

other-perspective taking used a different underlying neural mechanism and found 

common activation in the right IFG. However, all conditions provided information 

on the situation to the subjects and thus for both conditions self-perspective 

inhibition was necessary, which makes it impossible to disentangle self-perspective 

inhibition and other-perspective taking. The current study complemented these 

findings by specifically investigating the neural basis of the other side of the coin, 

self-perspective inhibition. We provide neurobiological evidence that ToM 

processing can indeed be subdivided into two components. A self-perspective 

inhibition component, mediated by the bilateral IFG, and a perspective taking 

component, mediated by the STG , TPJ, MTG, precuneus and supramarginal gyrus.  
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The two-component model of ToM as proposed by Samson et al. (2005) and 

for which we provided neurobiological evidence can therefore be seen as an elegant 

extension of the two-step model proposed by Jeannerod and Anquetil (2008). This 

model not only encompasses the other-perspective taking component, but also the 

role of inhibitory control in ToM, self-perspective inhibition. 

 

Shared inhibitory networks 

A second aim of this study was to investigate whether a common functional 

background for inhibitory processes in a social context and inhibitory processes on a 

more fundamental level can be found. The stop-signal task that was administered to 

measure simple response inhibition yielded similar activation patterns as other 

studies investigating the neural basis of response inhibition (Liddle et al., 2001; 

Menon et al., 2001; Rubia et al., 2003; Simmonds et al., 2008). We therefore concluded 

that the used paradigm was a valid measure for simple response inhibition. We 

demonstrated a marked overlap between the regions that were involved in both 

inhibitory processes (see figure 4). Even though the areas do not fully overlap, the 

overlapping activation in the bilateral IFG (BA 47), may imply the involvement of 

common mechanisms. This area within the IFG has also been implicated in the 

cognitive control of conceptual representations (Badre & Wagner, 2007), as well as in 

the inhibition of emotional valence (Goldin et al., 2008; Ochsner, 2005). Thus the area 

BA 47 seems to be more generally involved in the inhibition of different stimuli and 

processes. 

These results fit in the increasing evidence that the development of 

perspective taking abilities and the development of executive functions such as 

cognitive inhibition are mutually dependent (Carlson & Moses, 2001). Decety and 

Jackson (2004) proposed that fundamental executive processes, and in particular 

inhibitory control, underlie a proper development of ToM capacities. Interestingly, in 

an ERP study investigating the time course of perspective-taking processes Zhang et 

al. (2009) demonstrated that, similar to the current study, subjects responded slower 

in HI trials than LI trials. They found that the amplitude for the ERP component 

reflecting perspective taking including inhibitory processes was significantly higher 

than the one reflecting perspective taking excluding inhibitory processes. Moreover, 

this inhibitory process occurred prior to the perspective taking process. Even though 

the current study demonstrated an overlap of activation in the bilateral IFG (BA 47) 

between both self-perspective inhibition and simple motor response inhibition, this 

overlap seems to be most pronounced in the left IFG. This is in line with the findings 

of Tamm et al. (2002) who investigated brain maturation in subjects (8 -20 years) in 

relation to response inhibition. They found a positive correlation between activation 

in the left IFG and age. Thus, older subjects recruit this area more in response 

inhibition than younger subjects. These findings combined with the findings of this 

study may explain why younger subjects are less capable to perform ToM tasks. Due 

to later maturation of this area, self-inhibition cannot be fully executed and thus 
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induce misapprehensions in other-perspective taking. Finally, Swick et al. (2008) 

investigated the critical importance of the left IFG in response inhibition in patients 

with lesions in the left IFG. They found that these patients were impaired in response 

inhibition, which deteriorated as task difficulty increased. No impairment in 

response inhibition was found for patients with lesions in the orbitofrontal cortex, 

implying that the left IFG is indeed a necessary and critical region for response 

inhibition.  

These findings combined with the lesion study of Samson et al. (2005) are 

specifically interesting since in this study overlapping activation between self-

perspective inhibition and response inhibition is found in the bilateral IFG. A study 

by Bernal et al. (2009) demonstrated that cognitive inhibition seems to be more left 

lateralized, while motor inhibition shows more activation in the right IFG. In 

combination with the current findings, this suggests that a common inhibitory 

mechanism for both processes lies for the larger part in the left IFG, but does also rely 

upon the right IFG. This suggests that a malfunction of the IFG, left or right, may not 

only result in impaired response inhibition, but also in impaired self-perspective 

inhibition. This in turn will have negative consequences for the belief reasoning 

capacity. Indeed, the impairments of patients with for example schizophrenia and 

autism in ToM (Baron-Cohen et al., 1985; Corcoran et al., 1995; Langdon et al., 2002; 

Leslie, 1987; Leslie & Thaiss, 1992) combined with impaired inhibitory control in 

these patients (Agam et al., 2010; Kaladjian et al., 2010; Stefanopoulou et al., 2009b). 

Agam et al. (2010) suggested that these patient may be specifically impaired in self-

perspective inhibition instead of ToM as a whole. However, future research is needed 

to support such a claim.  

With regard to the involvement of the TPJ in other-perspective taking, a 

similar line of reasoning is supported in the literature. A number of studies have 

found TPJ involvement in tasks that do not include any social processing (Corbetta et 

al., 2000; Corbetta et al., 2005; Shulman et al., 2002). These activation patterns were 

attributed to the reorientation of spatial attention. That implies that perhaps the 

reorientation of spatial attention may be a crucial underlying mechanism for ToM, 

similar to the relationship between simple response inhibition and self-perspective 

inhibition. This relationship between both processes was tested by Mitchell et al. 

(2008). They found an overlapping region within the TPJ that was involved in both 

ToM processing and reorienting spatial attention. A complementary line of reasoning 

was put forward by Brass et al. (2009) and Spengler et al. (2009). Spengler et al. (2009) 

demonstrated an overlap between ToM, agency and imitative control in the TPJ. The 

authors suggested that the TPJ is involved in comparing internally generated and 

externally observed events, not only in more complex social tasks but also in low 

level cognitive processes. Brass et al. (2009) discussed shared neuronal mechanisms 

of perception and action of the same behavior (e.g. finger tapping). They similarly 

demonstrated the importance of TPJ in both processes and suggested that the TPJ is 

important in making the distinction between self and other: did I generate this action 

or did I merely observe the action of the other [see also Legrand & Ruby (2009) for an 
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extensive discussion on self processing and the investigation of self with 

neuroimaging techniques]? In the context of the current study, this may imply that 

an underlying mechanism of other-perspective taking lies in comparing the self-

perspective with the perspective of the other person. If this is the same, no self-

perspective inhibition has to take place (LI-condition), whereas if both perspectives 

are different, the self-perspective does have to be inhibited (HI-condition). Thus, for 

both self-inhibition and other-perspective taking, simpler cognitive mechanisms 

seem to be the basic underlying mechanisms. 

 

Strengths and Limitations 

Some limitations have to be discussed with regard to the design of the study. Firstly, 

the baseline control condition seems to have induced perspective taking and possibly 

self-perspective inhibition, due to which the other-perspective taking component had 

to be examined through a comparison of HI, LI and BC conditions with fixation. 

Even though this provided reliable information, a baseline condition similar to the 

experimental conditions, which does not induce perspective taking processes, would 

provide for a more elegant contrast for studying the other-perspective taking 

component. Furthermore, the design of the current task does not allow for the 

analysis of the activation during the movie clips, since the assignment for the subject 

was clear only at the end of the movie clip when the question was presented. Thus 

specific processes could not be assessed for the movie clips, but only for the question 

response period following the movie clips.  

 

Conclusion 

In conclusion, this study provides neurobiological evidence for a subdivision of ToM 

in two component processes: self-perspective inhibition, mediated by the bilateral 

IFG, and other-perspective taking, mediated by the left STG, TPJ and MTG. 

Moreover, the overlapping areas of activation for self-inhibition and simple motor 

response inhibition confirm a common neurobiological basis for both processes. That 

is, the inhibitory processes in perspective taking seem to be, at least partly, based on 

more fundamental inhibitory processes, such as response inhibition. Understanding 

the architecture of a higher order process such as ToM will not only provide more 

insight in the complexity of social interactions, but will also enable us to develop 

tools for the diagnosis and treatment of impaired social interaction in psychiatric and 

developmental disorders such as schizophrenia and autism. 
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Abstract  

Background Many patients suffering from psychiatric disorders show impaired 

Theory of Mind (ToM). ToM is crucial in social interactions and for the development 

of social behavior. It has recently been suggested that in order to take the perspective 

of another person, the self-perspective should be inhibited.  

 

Method We tested the neural correlates of self-inhibition in nineteen low psychosis 

prone (PP) and eighteen high PP subjects presenting with subclinical symptoms. 

High PP subjects have a more than tenfold increased risk of developing a 

schizophrenia-spectrum disorder. A ToM task differentiating between self-

perspective inhibition and other-perspective taking was administered. Furthermore, 

to test underlying inhibitory mechanisms, we administered a stop-signal paradigm. 

During both tasks, brain activation was measured with functional Magnetic 

Resonance Imaging. We expected worse behavioral performance for high compared 

to low PP subjects on both tasks. Moreover, based on previous neuroimaging results, 

different activation patterns were expected in the inferior frontal gyrus (IFG) in high 

versus low PP subjects in self-perspective inhibition and simple response inhibition.  

 

Results Results showed increased activation in left IFG during self-perspective 

inhibition for high PP subjects, but not for simple response inhibition. Both tasks did 

not reveal behavioral differences between groups. 

 

Conclusions This suggests that at a neural level, high PP subjects required more 

cognitive effort to inhibit their self-perspective to perform as well as healthy controls, 

while they did not for simple motor response inhibition. This may reflect a 

compensatory mechanism, which may no longer be available for patients with 

schizophrenia-spectrum disorders and which may result in ToM impairments.  
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Introduction 

The capacity to understand other people’s mental states or Theory of Mind (ToM) is 

crucial in social interactions and for the development of social behavior. ToM is a 

broad concept encompassing the capacity to understand other people’s mental state. 

This understanding can refer to how other people are feeling emotionally, but can 

also refer to the understanding that the other person may have a different belief or 

knowledge in a given situation as well as the understanding of the subsequent 

behavior of this other person [see Wellman et al. (2001) for a meta-analysis]. A large 

body of research has demonstrated that ToM is often impaired in patients with 

schizophrenia [see Bora et al. (2009c) for a meta-analysis]. The overwhelming 

evidence of ToM impairments in schizophrenia lead to the proposition that ToM may 

be a trait characteristic of the disorder (Bora et al., 2009c). Even though patients in the 

acute phase of the disorder are more impaired than remitted patients, the latter 

group still demonstrate significant impairments in ToM (Sprong et al., 2007). 

Neuroimaging studies have shown abnormal activation patterns in medial and 

lateral prefrontal regions as well as inferior parietal regions in patients with 

schizophrenia while performing ToM tasks (Brunet-Gouet & Decety, 2006). 

ToM problems have not only been observed in people with schizophrenia, but 

also in subjects who have with an enhanced risk for schizophrenia like relatives of 

patients (Marjoram et al., 2006) and healthy subjects who are prone to psychosis (PP) 

(Barragan et al., 2010; Langdon & Coltheart, 2004; Pickup, 2006; Versmissen et al., 

2008). PP, also called schizotypy, refers to a broad range of sub-clinical experiences 

and personality characteristics that are related to psychosis in the general population 

(Claridge et al., 1996; Meyer & Hautzinger, 2002). High PP subjects are thought to 

have biological and/or cognitive predispositions for the development of psychosis 

later in life (Lenzenweger, 2006; Suhr, 1997). Longitudinal studies have demonstrated 

that approximately 10% of the high PP subjects will develop a schizophrenia 

spectrum disorder in the future (Chapman et al., 1994; van Os et al., 2009). If the 

subclinical symptoms become more pronounced PP may transfer to an at risk mental 

state (ARMS). These individuals present with clinical symptoms, but have not made a 

transition to psychosis. They show social functioning deficits as well as cognitive 

impairments, but less severe than patients with a psychotic disorder (Fusar-Poli et 

al., 2010; Shim et al., 2008). Psychometric measures have been developed and 

validated for the detection of schizotypal traits in healthy people (Claridge, 1997; 

Horan et al., 2008; Lenzenweger, 1994). Barragan et al. (2010) suggested that 

impairments in ToM may have a developmental nature and are associated with 

psychotic like experiences. Thus, understanding the underlying mechanisms of 

impairments in ToM may guide us towards new treatments specifically focussing on 

the social impairments of schizophrenia patients.  

It has been proposed that the observation of behavior and emotions in other 

people automatically activates the representation of oneself for this behavior and/or 

emotion, suggesting a shared representation of self and other (Decety & Jackson, 
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2004; Decety & Sommerville, 2003; Prinz, 1997). This automatic tendency to assume 

one’s own mental state as a correct model for others [as the simulation model 

proposes, see Gallese and Goldman (1998)] may only be useful if the perspective of 

self and other are the same. Wrongfully applying this automatic tendency has been 

mentioned as the underlying cause for impairments in ToM (Gilovich et al., 2000; 

Markus et al., 1985; Vorauer & Ross, 1999). This automatic tendency may be induced 

by a failure to suppress one’s own perspective, which has been linked to limited 

inhibitory control (Carlson et al., 2004). This has been demonstrated in young 

children (Sommerville & Woodward, 2005; Wellman et al., 2001), adults suffering 

brain damage (Apperly et al., 2004; Gregory et al., 2002; Rowe et al., 2001; Stone et al., 

1998) and psychiatric patients [e.g. autism and schizophrenia (Baron-Cohen et al., 

1985; Corcoran et al., 1995; Langdon et al., 2002; Leslie & Thaiss, 1992)]. A two-

component ToM model has been proposed comprising (1) a perspective taking 

component and (2) a self-perspective inhibition component (Ruby & Decety, 2003; 

Samson et al., 2005). That is, being able to infer another person’s perspective requires 

successful inhibition of the own perspective. We have recently confirmed this 

proposition with neuroimaging data (chapter 2 of this thesis). Self-perspective 

inhibition was mediated by the bilateral inferior frontal gyrus (IFG), while other-

perspective taking was mediated by the left superior temporal gyrus (STG), temporo-

parietal junction (TPJ) and middle temporal gyrus (MTG). Moreover, overlapping 

areas of activation between self-perspective inhibition and simple response inhibition 

(using a stop-signal task) were found in the bilateral IFG suggesting a common 

neural inhibitory mechanism for these processes.  

In this study we investigated these underlying neural correlates in high PP 

individuals. The most important rationale to study ToM in a sub-clinical group was 

that it allows us to study an important cognitive process known to be involved in 

psychosis, without confounding factors such as medication, illness duration and 

institutionalization. By investigating the underlying mechanisms of ToM in PP, we 

can gain insight into the development of ToM impairments in schizophrenia 

spectrum disorders. Even if no behavioral impairments in ToM are found in PP, 

brain activation patterns may differ from control subjects. This allows us to pick up 

subtle differences between neural functioning of high and low PP subjects and may 

provide clues as to where ToM deficits in patients with fully development 

schizophrenia spectrum disorders commence. In time, such insights may lead to 

improvement of treatment for ToM deficits in these patients.  

We propose that deviations inToM performance in PP may be caused by 

divergent performance in self-inhibitory processes and not in perspective taking per 

sé. To this end the task as developed by Samson et al. (2005) and Apperly et al. (2004) 

and as applied in van der Meer et al. (chapter 2 of this thesis) was administered in 

high and low PP subjects, while measuring changes in blood oxygenation level 

(BOLD) using functional magnetic resonance imaging (fMRI). We specifically 

expected to find behavioral deficits in self-perspective inhibition as well as a different 

pattern of activation in the IFG for high PP subjects. In line with our previous work 
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on this two-component ToM (chapter 2 of this thesis), we also administered a simple 

motor response inhibition task. A body of evidence demonstrated a behavioral 

association between the development of executive functions, such as elementary 

inhibitory control, and ToM (Carlson et al., 2004; Hala et al., 2003; Russell, 1996), and 

linking this parallel development to the development of the frontal cortex [see Decety 

and Jackson (2004) for a review]. We have previously demonstrated that an 

overlapping area in the IFG is involved in both self-perspective inhibition and simple 

response inhibition (chapter 2 of this thesis). This leads to the hypothesis that 

differences between high and low PP subjects on self-perspective inhibition are 

related to behavioral and functional performance on simple motor response 

inhibition. To our knowledge, this is the first study to examine the neural dynamics 

underlying self-perspective inhibition in PP and, more specifically, its possible 

relationship with simple inhibitory processes.  

 

Materials and Methods 

Subjects 

19 healthy undergraduate students, low PP (9 female, 10 male; mean age 21.6, SD 2.6) 

and 18 healthy undergraduate students, high PP (8 female, 10 male; mean age 19.7, 

SD 1.9) of the University of Groningen participated in the study. None of the subjects 

reported a history of psychiatric or neurological disease. All subjects were recruited 

on the basis of questionnaires distributed among 600 university students containing 

the Community Assessment of Psychic Experiences, positive scale [CAPE; (Konings 

et al., 2006)] and the Beck Depression Inventory [BDI (Beck et al., 1996)]. Subjects 

selection was made out of the extremes of the tested subjects on the CAPE positive 

scale, based on willingness to participate, fMRI contra-indications and a score of at 

least one standard deviation above (high PP group) or below (low PP group) the 

tested sample mean (mean = 1.4, SD = 0.2). Moreover, subjects were only included if 

their BDI score was not higher than the cutoff score of 10 pts (Beck et al., 1996). In 

table 1 scores on the questionnaires for both groups as well as demographic 

information are represented. All subjects were native Dutch speakers. One of the 

subjects was left-handed, but since no abnormal brain activation patterns were 

found, this subject was included in the study. All subjects signed informed consent 

prior to participating in the study. One subject did not complete the behavioral 

session. For one of the subjects the CAPE distress score was missing. 

 

Community Assessment of Psychic Experiences (CAPE)  

The positive scale of the CAPE was used to measure psychic experiences in the 

general population. The CAPE questionnaire consists of 42 self-report items 

measuring (on a 4 point scale ranging from 1-never to 4-always) and can be 

subdivided into three factors: attenuated psychotic symptoms, distress caused by this 

experiences, and negative symptoms. Since the positive and negative symptoms of 



Chapter 3 

 

 50 

schizophrenia are related to ToM impairments (Frith & Corcoran, 1996), the CAPE 

positive symptom scale and CAPE distress scale were used for this study. The CAPE 

has been developed and standardized on a Dutch population. Validity and reliability 

for the CAPE is good (Hanssen et al., 2005; Konings et al., 2006). Detailed information 

on the psychometric properties of the instrument can be found in Stefanis et al. 

(2002).  

 

 

Procedure 

All subjects performed two experimental tasks in the scanner, a ToM task and stop-

signal task. The order of the tasks was counterbalanced to prevent any order effects. 

The ToM task was subdivided into behavioral control conditions and experimental 

conditions administered in an fMRI session. Testing for the behavioral conditions 

took place in a quiet environment and lasted approximately 30 minutes for each 

subject. The fMRI session lasted approximately 60 minutes for each subject. 

 

Experimental tasks 

Theory of Mind  

The ToM task consisted of short movie clips and was adapted from Samson et al. 

(2004; 2005) and Apperly et al. (2004). The original movie clips (courtesy of Dr. D. 

Samson, University of Nottingham, UK) were shortened to an average length of 21 

seconds to make the task more suitable for fMRI research. Each trial consisted of a 

fixation cross (1,5 sec), followed by the movie clip (21 sec) and a question-response 

period (5 sec). Key elements in each movie clip were a male and a female actor and a 

green object located in one of two boxes. At varying moments the female actor 

provided a clue, by placing a pink note on one of the two boxes to indicate the 

location of the green object. As the woman left the room the man changed the 

location of the boxes, resulting in the woman experiencing a false belief (she will 

think the green object is in the wrong box). At the end of the movie clip the subjects 

Table 1. Demographic details and results of CAPE and BDI questionnaires 

 Low PP High PP 

 mean SD mean SD 

proportion male 0,53 -- 0,56 -- 

age 21,42 2,6 20,1 1,87 

CAPE positive* 1,12 0,04 1,8 0,15 

CAPE distress* 3,6 1,6 19,6 0,25 

BDI † 2,42 2,4 6,56 2,67 

* p < 0,0001 
†controlled for CAPE distress scale 

A chi-square test was used to test for differences in sex between groups, Mann-Whitney U tests 

were performed for age and CAPE scores. Differences in BDI scores were tested with an ANOVA 

and controlled for the CAPE distress scale. 
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were required to answer a question either about the belief of the woman or about the 

location of the object. See figure 1 (pp 30) for a schematic representation of the task.  

The task consisted of six conditions; (1) a High-Inhibition condition (HI) in 

which prior information about the location of the objects was provided to the subject. 

To make a correct decision, this information (the subjects own perspective) should be 

inhibited and the perspective of the woman should be taken (see figure 1a), (2) a 

Low-Inhibition condition (LI), in which no prior information was provided to the 

subject and only the perspective of the woman should be taken to answer the 

question (see figure 1b), (3) a Baseline condition (BC) in which neither perspective 

taking, nor inhibitory processes were required (see figure 1c), (3) a Baseline condition 

(BC) in which neither perspective taking, nor inhibitory processes were required (see 

figure 1c), (4) a disengage control condition, to ensure subjects could successfully 

disengage from an object (DC), (5) a working memory control condition (WM) and 

(6) a strategy control condition (SC), to control for response strategies without full 

understanding of the task [see Apperly et al. (2004) for a detailed description of 

behavioral conditions]. 

The content of the movie clips was nearly identical as that of the original 

stimuli. However, to make the task suitable for fMRI research, the HI and LI 

conditions needed to be as similar as possible so they would only differ with regard 

to the prior knowledge of the subjects. This required some minor modifications. In 

the original movie clips in the HI condition, the green object was transferred from 

one box to the other in plain sight of the subject (while the woman was away). In our 

task, we used the LI video clips and manipulated the timing of the hint that was 

given to the subject to differentiate between location known and location unknown. In 

the HI condition the hint was provided before the woman left the room. The boxes 

were switched when the woman was away. Upon her return, the subject had to 

indicate in which box she believed the green object to be. Thus the own knowledge of 

the subject had to be inhibited and the perspective of the woman had to be inferred 

for a correct answer. In the LI condition on the other hand, the hint was not provided 

until the woman returned to the room. Thus, the boxes were switched while the 

subject had no clue where the green object was. The hint was provided after the 

woman returned to the room. The subject then had to infer the perspective of the 

woman and based on that, the subject could tell the location of the green object. So no 

information had to be inhibited, but the subject did have to infer the perspective of 

the woman to answer the question.  

 Conditions 1 – 3 were administered in the fMRI scanner, while control 

conditions 4 – 6 were administered in a behavioral session. In the fMRI session, each 

condition entailed 24 movie clips, 12 in which the hint was presented on the left box 

and 12 on the right box. Other than the left/right difference, the movie clips within 

conditions were identical. Six filler items ,in which the questions for HI and LI 

conditions were switched, were added to make sure the upcoming questions were 

unpredictable to the subjects. This resulted in a total of 90 trials, administered in five 

sessions of 18 pseudo randomized trials, to ensure an identical number of trials of 



Chapter 3 

 

 52 

each condition per session. In the behavioral session, three blocks of 16 randomized 

trials were administered, resulting in a total of 48 trials (16 per condition). None of 

the behavioral conditions required belief reasoning.  

 

Stop-signal  

This task was modeled after Rubia et al. (2003) (see figure 2, pp 32) for a schematic 

representation). Subjects were presented with arrows pointing left or right (equally 

balanced; duration 500 ms) and had to press a key corresponding to the direction of 

the arrow (go-condition). In the stop-condition, an arrow pointing upward was 

presented beside the arrow pointing left or right and appeared either just after or 

simultaneously with the first arrow upon which subjects should hold back their 

response. The task included an algorithm for the time between the presentation of 

the arrow left/right and the arrow pointing upwards. This enabled us to adjust the 

difficulty of the task to each subjects level of performance, resulting in a success 

percentage around 50 % for all subjects [see Rubia et al. (2003) for a more detailed 

description of the algorithm]. To make the occurrence of the inhibitory trials 

unpredictable for subjects, inhibition trials occurred in relatively low frequency (20 % 

of the trials). This resulted in a total of 160 Go trials and 40 Stop trials. A stop trial 

was always followed by at least three go trials [cf. Rubia et al. (2003)]. Both the Go 

and the Stop trials were always followed by a blank screen with a jittered duration 

(1400-2200 ms). In addition, a 20 second fixation cross was included at the end of the 

task, to ensure a proper implicit baseline. Each subject completed a five minute 

practice session to warrant a good understanding of the task.  

 

Scanning technique 

Subjects were positioned in a 3.0 Tesla whole-body scanner (Philips Intera, Best, NL). 

The head was kept in position by foam cushions on each side of the head and an 

elastic band around the head. Stimuli were projected by a beamer onto a screen 

visible to the subject via a mirror within the scanner. Responses were given by using 

the two most outward buttons of a four-button button box to indicate left or right 

box / arrow.  

 

Scanning Parameters 

Functional images were acquired using a sense-8 head coil. A total of 1309 functional 

volumes for the ToM paradigm and 280 for the stop-signal paradigm were acquired 

by T2*-weighted echo planar images consisting of 37 interleaved 3.5 mm thick axial 

slices with a 0 mm gap (EPI, TR = 2.00 s, TE = 35 ms, flip angle = 70°, FOV = 224 mm, 

64 x 64 matrix of 3.5 × 3.5 × 3.5 voxels). Slices were acquired interleaved and oriented 

parallel to the AC-PC plane. A T1-weighted 3D fast-field echo (FFE) anatomical 

image parallel to the bicommissural plane was acquired covering the whole brain 

(160 slices; TR = 25 ms; TE = 4.6 ms; slice-thickness = 1 mm; 256 × 256 matrix; FOV 26 

cm; voxel size, 1 × 1 × 1 mm). 
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FMRI Statistical analyses 

The fMRI data were converted with MRI-cro (from Philips PAR to Analyze) and then 

analyzed using Statistical Parametric Mapping (SPM5), run in MATLAB 7 (The 

MathWorks Inc., Natick, MA, USA). All functional images were slicetime corrected 

and realigned. Subsequently, images were coregistrated with the anatomical T1 

image and spatially normalized to standard stereotactic space (MNI T1 template). 

Images were spatially smoothed with a 3D isotropic Gaussian kernel (FWHM 10 

mm). A high-pass filter of 1.1 times the longest period between two subsequent trials 

of the same condition was used to filter out systematic low-frequency activation 

unrelated to the task. Only correctly answered items were used in the analyses. 

Contrasts for the ToM were made for the question-response period, since the 

assignment became clear at this moment (during the movie clips, the upcoming 

question was still unpredictable). To minimize the amount of noise in the signal, a 

Table 2. Literature reported peak activations for ToM in and around the IFG. Coordinates are in 

Talairach space, with the exception of the references marked with *. These coordinates were 

reported in MNI space. These peak activations were transformed into Talairach space in the Brede 

toolbox.  

    Coordinates 

Left/Right Reference x y z 
       

Left Baron-Cohen et al.  (1999) -46 8 9 

 Calarge et al.  (2003) -34 15 -8 

  -44 0 28 

 David et al.  (2006)* -44 8 34 

 German et al.  (2004) -39 14 -14 

  -48 10 16 

  -45 40 -12 

 Grezes et al.  (2004)  -46 34 -10 

 Hooker et al.  (2008)* -40 26 12 

  -46 14 8 

 Hooker et al.  (2010)* -50 10 12 

  -38 2 8 

  -54 28 12 

 Iacoboni et al.  (2005) -40 30 6 

  -46 24 24 

 Mier et al.  (2010)* -45 24 -6 

 Mitchell et al.  (2005)* -45 12 18 

 Spence et al.  (2001) -52 18 -6 

 Vogeley et al.  (2001) -62 4 26 

  -56 26 16 

     

Right Gallagher et al.  (2002) 38 24 -20 

 German et al  (2004) 56 18 10 

 Grezes et al.  (2004) 52 32 6 

 Hooker et al.  (2008)* 42 26 18 

 Hooker et al.  (2010)* 46 38 -18 

  Spence et al.  (2001) 56 18 -6 
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Figure 3. Representation of IFG peak activations reported in the ToM literature in coronal, saggital and axial 

view (from left to right). See table 2 for literature references and peakactivations  

fixed duration of two seconds was used for all ToM trials, since the vast majority of 

the response times were below two seconds.  

Analysis at group level was carried out using a random effects model. Two-

sample T-tests were performed for two contrasts of interest: (1) HI > LI for self-

perspective inhibition and (2) [(HI + LI ) > fixation] for other-perspective taking. This 

last contrast was specifically chosen for other-perspective taking since our previous 

work indicated that the BC condition was not a reliable baseline condition due to 

possible implicit perspective taking processes (see chapter 2 of this thesis). A region 

of interest analysis around the IFG was performed for the HI>LI condition, since 

group differences were expected in this contrast and this region specifically. The 

region of interest was determined by inserting published Talairach peak activations 

in a ToM contrast in or around the IFG (see table 2) in a 3D template using the Brede 

toolbox (http://hendrix.imm.dtu.dk/software/brede), implemented in SPM 5. 

Included peak activations were based on a literature search in pubmed containing 

the terms [("theory of mind" OR TOM OR "false belief" OR "perspective taking") 

AND ("inferior frontal" OR IFG)]. Moreover, studies that were included in the meta-

analysis on neuroimaging in ToM by Carrington et al. (2009) and that reported 

activation in or around the IFG were included in the region of interest. Figure 3 

depicts the template brain with the peak activations from the literature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If peak activations were reported in MNI space, corresponding Talairach coordinates 

were computed in the Brede toolbox. For each included study a separate mask was 

created by drawing a gaussian kernel of 10 mm around each reported peak voxel. 

These separate masks were subsequently entered into a data matrix in SPM 5 (using 

the ImCalc function) to create one single mask, which was then binarized to make it 

suitable for analysis. This resulted in a mask of 18.5 cm3. The number of studies 
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reporting right IFG activation was considerably smaller, which would result in a 

smaller region of interest in the right hemisphere.  

To prevent an increase of false positives due to the small size of the region of 

interest in the right hemisphere, the region of interest that was drawn for the left 

hemisphere was mirrored for the right hemisphere, so the power and risk of false 

positives would be equal for both hemispheres. Reported activations for (HI > LI) 

and (Stop > Go) were FDR corrected (p < 0.05). All comparisons versus fixation were 

FWE corrected (p < 0.05). The minimally activated number of voxels for all contrasts 

was set to 20.  

For the stop-signal task the same region of interest was used to investigate 

whether differences in activation would be observed in the same areas in simple 

inhibitory processes as compared to the more complex self-inhibition. The contrast of 

interest was (Stop > Go), including only correctly inhibited stop trials and correct go 

trials.  

 

Results 

Behavioral data 

Theory of Mind  
Behavioral data for the self-inhibition task are presented in table 3. Two repeated 

measures analyses were performed for the behavioral session for accuracy and for 

reaction times (RT) with Condition (DC, SC & WM) as within subjects factor and 

Group (low vs. high PP) as between subjects factor. For accuracy no significant effects 

for Condition, Group or Condition x Group interaction were demonstrated (p > 0.05), 

which indicates a similar performance for both groups and for all conditions. RT’s 

did reveal a significant main effect for Condition (F (2, 33) = 42,649, p<0.0001). 

Pairwise comparisons revealed that RT’s for the WM condition were significantly 

higher than for the DC and the SC condition (p < 0.0001), but that RT’s for DC and SC 

did not significantly differ (p > 0.05). No significant main effect for Group, nor an 

interaction effect between Group and Condition was found. Thus, differences in RT’s 

were observed between conditions, but this effect was similar for both groups.  

Secondly, two repeated measures analyses were performed for the fMRI 

conditions for accuracy and for RT’s with Condition (HI, LI & CC) as within subjects 

factor and Group (low vs. high PP) as between subjects factor. This did not reveal 

any significant effects for Condition, Group or Condition x Group interaction with 

respect to accuracy (p > 0.05). RT’s did reveal a significant main effect for condition (F 

(2, 34) = 99.583, p<0.0001), which indicates that RT’s differed between conditions. 

Pairwise comparisons revealed that RT’s for HI were significantly higher than for BC 

and LI (p < 0.0001), and RT’s for BC were significantly higher than for LI (p < 0.0001). 

No main effect for Group, nor a Condition x Group interaction was observed for 

RT’s. This indicates that even though a difference in RT’s was observed between 

conditions, this effect was similar for both groups.  
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Stop-signal  

Analyses of the behavioral results of the stop-signal task (see table 3) confirmed the 

percentage correct mentioned in the method section (mean low PP = 50%; mean high 

PP = 51%), indicating that the algorithm worked properly. A MANOVA with Go 

reaction time (RT) and Go accuracy as dependent variables and Group (low vs. high 

PP) as an independent variable did not reveal any group differences (p > 0.05).  

Furthermore, a repeated measures analysis with Condition (Go before Stop & 

Go after Stop) and Group revealed a that RT’s for the go conditions presented after 

incorrect stop trials were slightly higher than those after correct stop trials (F (1, 35) = 

4.201, p<0.048). No main effect for Group, nor an interaction effect between Group 

and Condition was found, indicating that the effect was similar for both groups. 

Finally, similar effects were found for accuracy levels. Accuracy levels for the go 

trials presented after incorrect stop trials were slightly lower than those after correct 

stop trials (F (1, 35) = 11.665, p<0.002). Moreover, a main effect for Group was 

observed (F (1, 35) = 6.261, p<0.017), indicating that high PP individuals were 

generally less accurate than low PP subjects. However, no interaction effect between 

Group and Condition was found (p > 0.05), which indicates that the accuracy 

difference between go after correct vs. go after incorrect stop trials was similar for 

both groups. 

 

 

Table 3. Behavioral results ToM and stop-signal task for both high and low PP subjects.  

 Low PP subjects High PP subjects 

  Mean RT  

(sec) 

SD  

(sec) 

Accuracy 

(%) 

Mean RT  

(sec) 

SD  

(sec) 

Accuracy 

(%) 

ToM task       

 fMRI conditions        

 HI  1,34 0,28 97,6 1,34 0,20 96,8 

 LI  0,93 0,25 97,1 0,92 0,20 97,5 

 BC  1,17 0,34 99,1 1,22 0,20 98,0 

        

 behavioral conditions        

 DC  1,00 0,38 99,3 1,00 0,30 98,5 

 SC  0,97 0,37 97,2 1,03 0,26 97,0 

 WM  1,30 0,39 98,3 1,29 0,36 97,8 

       

  Mean RT  

(msec) 

SD  

(msec) 

Accuracy  

(%) 

Mean RT  

(msec) 

SD  

(msec) 

Accuracy  

(%) 

stop-signal task        

Go  490 100 97 453 73 97 

Stop  - - - - - - 50 - - -  - - -  51 

Go after correct Stop 479 98 100 438 73 97 

 Go after incorrect Stop  495 102 97 458 64 95 
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Figure 4. High Inhibition (HI) versus Low Inhibition (LI). Activation patterns for PP are depicted in yellow, activation 

patterns for HC are depicted in green. Differential activation pattern between groups is represented in red. TOP: slices 
represent the left hemisphere at x-coordinates (MNI-space) -50, -46, -42, -34 (from left to right). MIDDLE: slices represent 

the right hemisphere at x-coordinates (MNI-space) 50, 46, 42, 34 (from left to right). BOTTOM: activation for PP > HC, 

slices represent x-coordinates (MNI-space) -50,-46,-42 (from left to right).  

Imaging results 

For both the ToM and the stop signal tasks activation patterns in low PP only were 

described in van der Meer et al. (chapter 2 of this thesis). The current paper focused 

on differences in activation patterns between low and high PP. 

 

Theory of Mind  

Figure 4 depicts activation patterns for the (HI > LI) contrast in both groups as well as 

the difference in activation between groups, table 4 lists all significant peak 

activations. As hypothesized, a region of interest analysis in the bilateral IFG 

demonstrated significantly more activation yielded in the left IFG for high PP in the 

(HI > LI)contrast. An additional whole brain analysis to detect any unexpected 

differential activation pattern did not reveal any other areas of differential activation 

in the HI > LI contrast for either low vs. high PP subjects or vice versa.  

Besides the self-inhibition component, the other-perspective taking 

component was investigated through the contrasts (HI > Fixation) and (LI > Fixation). 

In both groups activation was found in left STG, TPJ, MTG, supramarginal gyrus, 

superior parietal lobe, insula, dMPFC and precuneus (see supplementary materials 

figure S1 & S2 and table S1 & S2). No group differences were observed for this 

contrast. Thus both groups demonstrated similar areas of activation.  
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Stop-signal  

The contrast (Stop > Go) yielded activation in the bilateral IFG as well as insula, 

bilateral MTG and post central gyrus. Both groups demonstrated a similar activation 

pattern (see supplementary material figure S3, table S3 & S4). No group difference in 

activation was observed in the region of interest analysis in the IFG. An additional 

whole brain analysis to detect any unexpected differential activation pattern did not 

reveal any areas of differential activation between groups.  

 

Discussion 

As hypothesized, this study revealed that high PP individuals demonstrated more 

activation in the left IFG than low PP individuals, despite equal behavioral 

performance on ToM in the self-inhibition condition. The IFG area is involved in the 

inhibition of self-perspective as well as in simple response inhibition (chapter 2 of 

this thesis). This suggests that in order to perform as well as healthy controls on 

ToM, the effort is higher in high PP subjects. The group comparison in the behavioral 

control conditions showed that low and high PP subjects perform equally well on 

each condition, suggesting that possible differences in the fMRI conditions cannot be 

due to either problems in working memory, disengagement or trust in the hints from 

the woman in the movie clip. In addition, no behavioral or functional differences 

between groups were found in the other-perspective taking condition, suggesting 

that high PP subjects were equally able to take someone else’s perspective, when no 

self-perspective inhibition was required. Furthermore, the lack of difference in 

activation and behavioral performance between groups in the stop signal task 

suggests that the increased effort in the self-inhibition condition cannot be ascribed to 

deficits in basic inhibitory processes.  

 The lack of behavioral differences between groups may be explained by the 

relative simplicity of the task. The high PP subjects seem to have succeeded in 

compensating in self-perspective inhibition through increased activation in the IFG. 

This is in line with a study by Kobayashi et al. (2007), who found increased activation 

in the left IFG in children on a cartoon perspective taking task, despite similar 

behavioral performance. The authors ascribed the increased activation in the left IFG 

to a more effortful process. With regard to subjects with an increased risk to develop 

a psychotic disorder, Rapp and colleagues (2010) demonstrated a positive correlation 

Table 4. Peak activations for the ToM contrast HI > LI. Only significant peak activations were found for high 

PP > low PP and not for low PP > high PP 

    MNI coordinates   

Brain region clustersize (voxels) x y Z T-value 

            

Left IFG 297 -44 14 10 3.88 

    -44 20 14 3.84 

    -46 8 12 3.78 
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between psychometric schizotypy and activation in the left IFG in an irony 

comprehension task, but did not find any behavioral differences between high and 

low schizotypy. Similarly, Modinos et al. (2010) investigated cognitive and emotional 

ToM in high PP individuals. Despite equal behavioral performance, they found 

increased activation in the left IFG, dorsomedial and anterior prefrontal cortex for 

high PP in second order ToM but not in first order ToM. Thus, taking the perspective 

of another person seems to be similar for low and high PP subjects. However, when 

subjects had to make more complex inferences such as imagining the inference of the 

other person about yet another person, high PP individuals seemed to need more 

resources than low PP subjects. Drawing a line with the current results, this may 

suggest that when making a more complex inferral, the own model may no longer be 

correct and may require inhibition. Importantly, the design of Modinos et al. (2010) 

did not allow for the separate investigation of self-perspective inhibition. Moreover, 

the task design of the current study was more similar to real life situations, since they 

were movie clips instead of the more abstract cartoons that were used in Modinos et 

al. (2010).  

This differentiation between self-perspective inhibition and other-perspective 

taking in ToM corresponds with other definitions of ToM that distinguish between a 

cognitive component, an affective component and a regulatory mechanism (Decety & 

Jackson, 2004; Ickes, 2003). This regulatory mechanism is hypothesized to underlie 

both the cognitive and the affective component and is necessary for reviewing the 

own perspective and the need to reconsider and inhibit this view for a correct 

understanding of the other persons’ perspective (Hodges & Wegner, 1997). Thus, in 

essence this regulatory mechanism, or also called controlled empathy, seems 

comparable to the self-perspective inhibition component that was proposed by 

Samson et al. (2005). Cognitive empathy refers to the understanding of the other 

persons perspective and the behavior of the other person, which may be based on 

other beliefs and values than your own. Affective empathy on the other had refers to 

the sharing of affective mental states and thus the understanding of the emotional 

state of the other person (Hooker et al., 2010). Interestingly, Hooker et al. (2010) 

found a relationship between cognitive empathy (encompassing controlled empathy) 

and activation in the left IFG. This is in line with a body of research suggesting a 

double dissociation between cognitive and emotional empathy in lateral prefrontal 

areas (IFG & orbitofrontal cortex) and the ventromedial prefrontal cortex (vMPFC), 

respectively (Blair, 2005; Saxe, 2006; Völlm et al., 2006). Lee et al. (2010) used a task 

that beared similarity to the task used in the current study in schizophrenia patients. 

They distinguished four cartoon conditions (cognitive empathy, emotional empathy, 

inhibitory empathy, and a physical condition). The cognitive and emotional empathy 

conditions were relatively straightforward, while the inhibitory empathy condition 

required the observer to inhibit the perspective of one of the characters. Thus, the 

cognitive empathy condition is comparable to our other-perspective taking 

condition, while the inhibitory empathy condition is comparable to our self-

inhibition condition. Behaviorally, patients were slower in responding on the 
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emotional and inhibitory empathy conditions and not in the cognitive empathy 

conditions, while the accuracy between groups was similar. Furthermore, Lee et al. 

(2010) found more activation in the right IFG in schizophrenia patients in the 

inhibitory condition. Even though the activation difference reported in the current 

study is left lateralized, the bilateral IFG was demonstrated to be important for self-

perspective inhibition (chapter 2 of this thesis). Thus, while the results of Lee et al. 

(2010) are not identical to ours, they do suggest that more effort is needed in 

schizophrenia patients as well as in high PP individuals for the inhibitory component 

of ToM.  

Bailey and Henry (2010) used the exact same paradigm as the current study in 

schizophrenia patients, but did not measure brain activation. Even though they 

reported that patients were not just impaired on the HI condition, but also on the LI 

condition, their results do show a trend towards a larger impairment in the HI 

condition than in the LI condition. Furthermore, Modinos et al. (2009b) reported that 

increased IFG volume was related to more severe auditory verbal hallucinations in 

schizophrenia. In light of the current findings in high PP subjects, such a correlation 

may imply that subjects with more severe auditory verbal hallucinations may have 

difficulties in self-perspective inhibition. That is, they may be impaired in the 

inhibition of self-generated verbal stimuli, resulting in more verbal input, which 

presents itself in the form of verbal hallucinations. Additionally, Jeong et al. (2009) 

found abnormalities in functional as well as anatomical connectivity between the IFG 

and the superior temporal gyrus, which also has been related to ToM processing 

(Carrington & Bailey, 2009). Thus, converging results suggest that one of the core 

features that may be hampered in schizophrenia as well as in subjects with a 

predisposition to develop a psychotic disorder, is the inhibition of the own 

perspective. It therefore seems vindicated to disentangle the concept of ToM into 

two, or possibly more, components of which some may be more hampered in 

schizophrenia and high PP individuals than others.  

One important question is whether such processes are dependent upon more 

basic inhibitory processes. Even though we found that high PP subjects may need to 

put in more effort during self-perspective inhibition, such extra inhibitory effort was 

not found in the simple response inhibition task. This may have been due to the 

relative simplicity of the response inhibition paradigm. Other studies have 

demonstrated a relationship between simple inhibitory processes and ToM 

processing (Calderon et al., 2010; Dyck & Piek, 2010; Pellicano, 2010; Wisdom et al., 

2007). Leslie (2004) has demonstrated in young children that increasing inhibitory 

task load, resulted in decreased ToM. This suggests that the complexity of the 

inhibitory process influences ToM performance. Such a relationship is illustrated by 

the results of Mutter et al. (2006) who found that intact inhibitory processing and 

working memory performance predicted successful performance on ToM. Swick et 

al. (2008) demonstrated in a lesion study that the left IFG is necessary for response 

inhibition. The involvement of the left IFG not only in ToM, but also in response 

inhibition suggests that the increased activation in the IFG in our high PP group in 
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the self-perspective inhibition does reflect inhibition of some kind. We suggest that in 

self-perspective inhibition the amount of contextual cues is higher than in simple 

response inhibition and thus has a higher inhibitory task load. Steel et al. (2007) 

demonstrated in a paradigm with richer contextual cues than our paradigm that 

subjects with positive schizotypy performed worse on a response inhibition task. 

Such an interpretation is supported by the findings of Barbalat et al. (2009), who 

demonstrated that schizophrenia patients show decreased activation in the bilateral 

IFG as compared to healthy controls when extra contextual information had to be 

processed, while no group differences were found for the processing of episodic 

information.  

Thus, while indeed common inhibitory patterns were demonstrated for self-

perspective inhibition and simple response inhibition in the IFG (chapter 2 of this 

thesis), the results of the current study suggest that normal performance on simple 

response inhibition may not guarantee normal performance in inhibitory 

mechanisms for self-perspective inhibition. The integration of contextual information 

and the subsequent inhibition of this information may be an additional distinction 

within the inhibitory component of ToM, which may be more effortful for high PP 

individuals and which may result in ToM impairments in more severe psychiatric 

conditions, such as schizophrenia or autism.  

These results are of relevance, since they suggest that it might not be 

perspective taking per se in which high PP individuals and schizophrenia patients 

show differences with low PP subject or healthy control subjects , but rather 

difficulties in the inhibition of one’s own perspective. Garety et al. (2007) suggested 

that cognitive and emotional factors are indicative of making a transition from 

vulnerability for psychosis to development of a schizophrenia-spectrum disorder 

later in life. Thus, investigating the relationship between social functioning, ToM 

processing, more specifically self-inhibition, and simple inhibitory processing in 

schizophrenia patients may not only provide valuable clues for treatment in these 

patients, it may also be related to a transition to schizophrenia later in life. Perhaps 

training patients on simple response inhibition can improve ToM functioning. 

Moreover, training at risk individuals on simple response inhibition may prevent 

such a transition.  

 

Strengths and Limitations 

Some limitations with regard to the design of the study should be mentioned. Firstly, 

both low and high PP groups were selected out of a student population. That implies 

that all subjects, low and high PP, had a baseline cognitive capacity that may be 

better than the general population. Selecting high and low PP subjects from the 

general population may result in more pronounced differences between groups. 

Furthermore, our baseline control condition seemed to have induced some 

perspective taking. Therefore, the other-perspective taking component had to be 

investigated by comparing HI, LI and BC conditions with fixation. Even though this 
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provided reliable information, a baseline condition similar to the experimental 

conditions, excluding perspective taking processes, would provide a more elegant 

contrast for studying the other-perspective taking component. Finally, the design of 

the current task did not enable us to analyze the activation during the movie clips, 

since the assignment was clear at the moment the question was presented, which was 

at the end of the movie clip. Thus specific processes could not be assessed for the 

movie clips, but only for the question response period following the movie clips. 
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Abstract 

Background Schizophrenia patients might experience difficulties in applying two 

widely used emotion regulation strategies, reappraisal and suppression. We 

investigated the relationships among emotion regulation strategies, alexithymia (i.e. 

inability to identify and verbalize feelings) and the role of pre-morbid IQ on 

alexithymia in schizophrenia.  

 

Method 31 schizophrenia patients and 44 healthy subjects were tested on measures 

of emotion regulation strategies (ERQ), alexithymia (BVAQ) and pre-morbid IQ 

(NART).  

 

Results Patients reported significantly more use of suppression strategies and tended 

to use less reappraisal strategies. Patients differed significantly on the cognitive-

emotional component of alexithymia. This difference remained significant even with 

pre-morbid IQ as a covariate, but disappeared with depression as a covariate. 

Schizophrenia patients have specific difficulties identifying their feelings, which was 

related to symptoms of depression.  

 

Conclusions Interventions specifically targeted at affect regulation and the 

recognition of the own emotional state could promote emotional well-being in 

schizophrenia patients.  
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Introduction 

Emotion processing has been found to be deficient in schizophrenia (Aleman & 

Kahn, 2005; Edwards et al., 2001; Kohler et al., 2003), while other evidence suggests 

that subjective emotional experience, may be at normal levels (Kring & Neale, 1996; 

Myin-Germeys et al., 2000), and emotional reactivity (i.e. response to emotion-

inducing events) may even be stronger in patients with schizophrenia (Kring & 

Neale, 1996; Myin-Germeys et al., 2000). This disjunction between the expression, the 

experience and the perception of emotions has been termed the “emotion paradox”  

 (Aleman & Kahn, 2005). If such a disjunction between the different domains of 

emotion is present, it is likely that the underlying process of regulating emotions will 

be influenced (e.g. if one experiences difficulties in perceiving emotions, the 

subsequent steps in the regulation of emotions will be hampered). Despite this 

“emotion paradox”, there is a paucity of research investigating emotion regulation in 

schizophrenia.  

 The concept of emotion regulation refers to a diverse set of processes by which 

‘‘individuals influence which emotions they have, when they have them, and how 

they experience and express these emotions’’ (cf. Gross, 1999). Two well-studied 

regulation strategies are emotional reappraisal or suppression to decrease (or 

increase) emotional response tendencies or affective states (Frijda, 1988; Gross, 1998). 

Suppression reduces emotion-expressive behavior by inhibition while emotionally 

aroused (e.g. keeping a poker face when playing cards) (Gross & Levenson, 1993). 

Reappraisal is the reinterpretation of emotionally valenced stimuli in unemotional 

terms (e.g. reinterpreting a disturbing remark so it is less disturbing) (Speisman, 

1964). After evaluating emotional cues and triggering of accompanying responses, 

emotion regulation can be seen as the fine-tuning of emotional responses (Gross, 

1998). Neuroimaging results have shown that in an attempt to reappraise negative 

stimuli, amygdala and insula activation is reduced, whereas in an attempt to 

suppress negative stimuli, amygdala and insula activation is increased (Goldin et al., 

2008). Both the reappraisal and suppression of emotional stimuli reduced negative 

affect. Thus, even though on a subjective level both strategies seem to be effective, 

brain areas associated with emotion processing are highly activated when using the 

suppression strategy as opposed to the reappraisal strategy. Goldin and colleagues 

(2008) demonstrated that when the emotional networks were still highly active, the 

physiological responses were also still present (e.g. skin conductance was greater).  

 Taking these new neuroimaging findings into account in relation to the 

emotion paradox in schizophrenia as discussed, it might be the fine-tuning of 

emotional responses that seems to go wrong in schizophrenia patients. More 

explicitly, even though it has been widely acknowledged that schizophrenia patients 

suffer from flattened affect (Carpenter, 2004; Gur et al., 2006), some evidence 

suggests that the subjective experience of schizophrenia patients is similar to that in 

healthy subjects (Gur et al., 2006; Kring & Neale, 1996), while skin conductance 

reactivity is greater in schizophrenia subjects. In light of the above, this disjunction 
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might be due to a disability to reappraise negatively valenced stimuli leading to the 

need to suppress these emotional experiences. This can then result in a similar 

deduction of negative affect in both groups, but higher activation of emotional 

circuits in the brain and thus greater physiological reactivity in schizophrenia 

patients. To our knowledge there has only been one study that has looked at emotion 

regulation in schizophrenia (Henry et al., 2008), but they did not find a relationship 

between the two. Even though this study did not report any group differences, we 

believe that it is important to carefully study this relationship and to determine 

whether these results can be replicated. In the present study, we tested the 

hypothesis that patients with schizophrenia suppress emotions more frequently than 

healthy subjects, and make less use of the reappraisal strategy.  

Problems in emotion regulation have been linked to the personality trait of 

alexithymia (Connelly & Denney, 2007; Taylor et al., 1997). Alexithymia, literally “no 

words for feelings”, is a multidimensional construct that includes difficulties 

identifying one’s feelings, describing feelings to other people, appraising bodily 

sensations of emotional arousal, constricted imaginary processes and an externally 

oriented cognitive style with a relative lack of introspection (Bermond et al., 2006; 

Sifneos, 1973; Taylor et al., 1997). Alexithymia can be subdivided into a more 

cognitive-emotional component (encompassing subscales identifying, verbalizing 

and analyzing of the Bermond-Vorst Alexithymia Scale [BVAQ; (Vorst & Bermond, 

2001)] and a more subjective-emotional component (encompassing subscales 

emotionalizing and fantasizing of the BVAQ). Up to now, three studies reported 

significantly higher alexithymia scores in schizophrenia patients (Cedro et al., 2001; 

Stanghellini & Ricca, 1995; van 't Wout et al., 2007) and non-psychotic siblings (van 't 

Wout et al., 2007) compared to healthy controls. It is possible that these high 

alexithymia scores in schizophrenia patients derive from a deficit in verbalizing 

thoughts in general, not solely feelings. That is, more eloquent individuals will have 

less difficulty in verbalizing their thoughts, including their feelings. Even though this 

is an important question, that is, are schizophrenia patients really more alexithymic 

or does this deficit arise due to a lower verbal IQ, there has not been sufficient 

research to provide an answer to this question. Up to now, only the relationship 

between current IQ, and not specifically verbal IQ, and alexithymia has been studied 

(Bermond et al., 1999; Cohen et al., 1985; Taylor et al., 1990) and does not appear to 

be significant. In the present study, we investigated the role of pre-morbid IQ, more 

specifically verbal IQ, in alexithymia. This will provide more insight into whether or 

not verbal IQ could explain alexithymia scores and thus whether alexithymic 

tendencies are due to a more general deficits (verbal IQ) in schizophrenia patients. 

Given that previous studies have found sex differences in incidence and severity of 

alexithymia (Lane et al., 1998b; van 't Wout et al., 2007; Vorst & Bermond, 2001), we 

also include sex as a covariate in our analyses. 

Finally, we investigated the relationship between emotion regulation 

strategies and alexithymia. Being unable to correctly analyze, identify and verbalize 

one’s emotions might result in inappropriate regulation of that emotion. We 
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hypothesize that schizophrenia patients have higher levels of alexithymia associated 

with a preference for the suppression strategy to regulate their emotions.  

In sum, we expect to find higher levels of alexithymia in schizophrenia 

patients, possibly mediated by pre-morbid IQ. Secondly, we expect that 

schizophrenia patients will make more use of the suppression and less of the 

reappraisal strategy as opposed to healthy control subjects. This could explain their 

normal or heightened levels of subjective arousal, while they show less expression of 

emotion. Finally, we expect to find a relationship between emotion regulation 

strategies and alexithymia.  

 

Materials and Methods 

Subjects 

31 Patients with a DSM-IV diagnosis of schizophrenia, confirmed with the structured 

interview Comprehensive Assessment of Symptoms and History [CASH; (Andreasen 

et al., 1992)] participated in the study. The patient sample was largely an outpatient 

population who were in a non-acute state of the illness as these patients were stable 

on their current medication for at least one month without a worsening of symptoms. 

The presence and severity of symptoms was measured using the Positive and 

Negative Syndrome Scale [PANSS; (Kay et al., 1987)] by two trained raters, see table 

1 for PANSS scores. 

Healthy comparison subjects were 44 participants who volunteered after 

advertisement in local newspapers and on the University campus. They were free of 

any history of psychiatric illness as confirmed with the Mini International 

Neuropsychiatric Interview plus [MINI-Plus; (Sheehan, 1998)]. In addition, controls 

were screened for the absence of a positive family history for schizophrenia. The 

patient and control group did not differ from each other on age, sex and parental 

education. Table 1 provides clinical and demographic characteristics of the sample. 

This study was approved by the local ethics committee (METC) and carried 

out in accordance with the latest version of the Declaration of Helsinki. All 

participants provided written informed consent after the procedure had been fully 

explained and prior to testing.  

 

Measures 

Emotion Regulation 

The previously defined emotion regulation strategies, suppression and reappraisal 

(Gross, 1998) were measured by means of the Dutch translation of the Emotion 

Regulation Questionnaire (ERQ) as developed by Gross and John (2003). The 

questionnaire contains 10 items (statements) of which 6 assess the reappraisal 

strategy and 4 the suppression strategy (an example of a suppression question: I keep 

my emotions to myself; an example of a reappraisal question: When I want to feel 

more positive emotion, I change the way I’m thinking about the situation.). Subjects 
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were asked to indicate on a 7-point scale to what extent the statements apply to them 

and higher scores reflect the using a particular strategy more. The ERQ has shown to 

be a reliable and valid measure of emotion regulation (Gross and John (2003) 

reported a Crohnbachs α for reappraisal = 0.79, suppression = 0.73 and test-retest 

reliability across three months = 0.69).  

 

 
Table 1. Clinical and demographic characteristics of the patient and control groups 

Variable Patients (N =31 ) Controls (N = 44)  

 Mean (SD) Mean (SD) P 

    

Age 32.3 (8.0) 29.2 (8.6) 0.12 

Sex (male/female) 24/12 22/24 0.09 

Own education (years) 13.9 (2.9) 15.4 (2.1) 0.01 

Education mother (years) 14.0 (3.0) 14.6 (2.9) 0.37 

Education father (years) 15.0 (3.2) 14.9 (3.2) 0.95 

Positive scale PANSS 13.7 (4.7) n.a. n.a. 

Negative scale PANSS 14.9 (65.8) n.a. n.a. 

General psychopathology PANSS 26.3 (6.5) n.a. n.a. 

Medication (N) Risperidone (8) none  

 Olanzapine (2)   

 Clozapine (14)   

 Quetiapine (5)   

 Fluvoxamine (1)   

 Diazepam (1)   

 Oxazepam (3)   

 Rifotril (2)   

 Citalopram (1)   

 Penfluridol (1)   

 Testosterone gel (1)   

 Cortisol (1)   

 Levothyroxine (1)   

 Biperiden (4)   

 

Alexithymia 

Alexithymia was assessed with the Bermond-Vorst Alexithymia Scale (BVAQ), a 40-

item self-report scale (Vorst & Bermond, 2001). This scale distinguishes five separate 

subscales (8 items per subscale) comprising the alexithymia features as defined by 

Nemiah and Sifneos (1970) and Sifneos (1973), namely emotionalizing, fantasizing, 

identifying, verbalizing and analyzing. Subjects were asked to determine on a five 

point likert scale to what extent the statement applied to them and in which higher 

scores indicate more problems.  

Previous studies have repeatedly shown that factor analyses support the five 

factors that are distinguished in the BVAQ (Berthoz et al., 2007; Vorst & Bermond, 

2001; Zech et al., 1999). Bermond and colleagues have made a second order 
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distinction in which they group the identifying, verbalizing and analyzing scales to a 

cognitive-emotional component and the emotionalizing and fantasizing scales to a 

subjective-emotional component (Bermond, 1997). The items in the cognitive-

emotionalizing component of the BVAQ are highly correlated (r=0.80) with the 

widely used Toronto Alexithymia Scale (Berthoz et al., 2007; Vorst & Bermond, 2001; 

Zech et al., 1999). Examples of questions in the BVAQ are: 1) I like to tell people 

about my emotions (verbalizing); 2) I hardly daydream or fantasize (fantasizing); 3) 

When I am upset, I know whether I am scared, sad or angry (identifying); 4) When 

something completely unexpected occurs, I remain calm and unmoved 

(emotionalizing); 5) I hardly reflect on my emotions (analyzing).  

 

Pre-morbid IQ 

The Dutch version of the National Adult Reading Test [NART; (Schmand et al., 

1991)] was used to measure pre-morbid IQ. The test contains 50 words of differing 

complexity, which subjects are asked to read aloud. Scoring is done by counting the 

number of correctly pronounced words. It has been demonstrated that, besides a 

measure of pre-morbid IQ, the NART is a successful predictor of current verbal IQ as 

it directly measures the ability to understand complex vocabulary (Crawford, 1994) 

 

Depression  

The Beck Depression Inventory [BDI; (Beck et al., 1961)] was assessed to measure the 

level of depression in each patient. The scale comprises 21 items. Each item has a 

score range of 0-3, the cut-off score for clinical depression is 18 (Beck et al., 1988). 

 

Psychopathology (patients only) 

Current psychopathology was assessed with the Positive and Negative Syndrome 

Scale [PANSS (Kay et al., 1987)]. The PANSS is a semi-structured interview to 

evaluate symptomatology in schizophrenia and consists of 30 items (7 positive 

symptom items, 7 negative symptom items and 16 general psychopathology items) 

each scored on a 7-point scale. The PANSS was administered by trained raters 

independently. 

 

Results 

All data were analyzed using Statistical Package for the Social Sciences 14.0 (SPSS, 

2005). Means and Standard Deviations can be found in table 2. 

 

Emotion regulation 

On average the schizophrenia patients score 26.5 on the reappraisal scale and 14.0 on 

the suppression scale, whereas the controls score on average 29.5 and 11.4 on the 

reappraisal and suppression scales respectively. Two separate ANOVA’s with  
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Emotion Regulation Strategy (reappraisal and suppression) as a dependent variable 

and Group (patients vs. controls) as a fixed factor revealed a significant effect for 

Group for the Suppression strategy (F (1, 73) = 4.638, P = 0.035) and a near significant 

effect for Group for the Reappraisal strategy (F (1, 73) = 3.490, P = 0.066).  

Due to the difference between groups on depression scores (see Table 2), we 

decided to run a stepwise regression analysis for each emotion regulation strategy 

separately to determine whether depression has any predictive value on either one of 

the emotion regulation strategies. We found that Group significantly predicted 

suppression scores (Adj R2 = 0.04, Pmodel = 0.036), whereas when depression scores were 

added to the model, this was no longer significant (Adj R2 = 0.03, Pmodel = 0.109, Sig F 

change = 0.796). When depression was entered into the model first, effects remained 

similar (depression: Adj R2 = 0.004, Pmodel = 0.597; depression and group: Adj R2 = 0.06, 

Pmodel = 0.109, Sig F change = 0.042). A similar regression analysis for Reappraisal 

confirmed the non-significant effect for Group for this strategy (Adj R2 = 0.03, Pmodel = 

0.071) and demonstrated that depression did not significantly contribute to the 

predictive value of the model (Adj R2 = 0.04, Pmodel = 0.089, Sig F change = 0.208).  

Taking the mean scores per group into account, this suggests that the patient 

group prefers to use the suppression strategy as opposed to the control group. Even 

though the effect is rather small, this still holds when depression scores are 

accounted for in the model predicting suppression scores. Finally, the patient group 

tends to use the reappraisal strategy less frequently than the controls, however, this 

effect was not significant.  

 

Alexithymia 

Correlations were computed between the different subscales of the BVAQ to confirm 

the five factor structure. The proposed subdivision of alexithymia in a cognitive-

emotional and a subjective-emotional component (Bermond, 1997) was confirmed. 

This confirmed subdivision into a cognitive-emotional and a subjective-emotional 

component of alexithymia, allows us to analyze the data as such. Both components 

were analyzed with a separate MANOVA for each component. The first MANOVA, 

with the subscales of the Cognitive-Emotional Component of alexithymia 

Table 2. Mean scores and standard deviations (SD) of the Emotion Regulation subscales, the 

Alexithymia subscales, depression and pre-morbid IQ. 

  Patients (N = 31) Controls (N = 44) 

Emotion regulation  reappraisal 26.52 (8.51) 29.45 (5.0) 
 suppression 14.03 (5.55) 11.41 (4.93) 
BDI  8.83 (7.13) 3.78 (3.37) 
NART  103.18 (8.77) 107.03 (8.34) 
        
    males females males females 

Alexithymia verbalizing 22.89 (5.86) 18.10 21.60 (9.26) 19.33 (5.53) 
 fantasizing 23.26 (7.53) 19.90 20.05 (6.07) 19.05 (8.12) 
 identifying 20.53 (5.93) 19.80 15.85 (5.58) 16.33 (5.43) 
 emotionalizing 21.89 (6.60) 16.30 21.65 (5.37) 15.95 (4.53) 
 analyzing 17.58 (5.09) 15.10 16.70 (6.17) 14.05 (5.59) 
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(verbalizing, identifying and analyzing) as dependent variables and Group as an 

independent variable, showed a main effect of Group (F (3, 66) = 3.243, P = 0.027), 

indicating that patients scored significantly higher on the cognitive-emotional 

component of alexithymia. Between-Subjects effects revealed a significant interaction 

effect between Group and Identifying (F (1, 68) = 9.086, P = 0.004), but not between 

Group and Verbalizing (F (1, 68) = 0.223, P = 0.638) nor between Group and 

Analyzing (F (1, 68) = 1.001, P = 0.321). This indicates that patients and healthy 

controls only differ on the identifying subcomponent of alexithymia 

The second MANOVA, with the subscales of the Subjective-Emotional 

Component of alexithymia (emotionalizing and fantasizing) as dependent variables 

and Group as an independent variable, revealed no main effect of Group (F (2, 67) = 

1.069, P = 0.349), indicating no differences between both groups on this component. 

Therefore, no post-hoc analyses were conducted.  

 

Alexithymia, Pre-morbid verbal IQ and Sex 

Both above analyses were conducted once more with the same dependent and 

independent variables as mentioned above, but this time with Pre-morbid IQ and Sex 

as covariates, for reasons mentioned in the introduction. The first MANCOVA 

showed a main effect of Pre-morbid IQ (F(3, 55) = 3.331, P = 0.026), suggesting that 

pre-morbid IQ does indeed effect alexithymia scores, but no significant main effect 

for Sex (F (3, 55) = 1.419, P = 0.247). The main effect of Group controlled for Pre-

morbid IQ and Sex showed a minor change as compared to the uncontrolled effect, 

but still remained significant (F (3, 55) = 3.507, P = 0.021). This implies that neither 

pre-morbid IQ nor sex can account for the higher alexithymia scores in 

schizophrenia. Between-Subjects effects demonstrated a slightly changed, but still 

significant interaction effect between Group and Identifying (F (1, 57) = 8.312, P = 

0.006), but did not reveal a significant interaction between Group and Verbalizing (F 

(1, 57) = 0.042, P = 0.838) nor between Group and Analyzing (F (1, 57) = 0.499, P = 

0.483).  

The second MANCOVA revealed no main effect of Pre-morbid IQ (F (2, 56) = 

1.930, P = 0.155) nor of Group (F (2, 56) = 0.341, P = 0.712), indicating that no 

differences could be demonstrated between groups on the subjective-emotional 

component of alexithymia when controlled for pre-morbid IQ. However, a 

significant main effect was found for Sex (F (2, 56) = 8.470, P = 0.001) indicating that 

men and women do differ in the subjective-emotional component of alexithymia. 

Between-Subjects effect for this component revealed a significant interaction effect 

between Sex and Emotionalizing (F (1, 57) = 16.862, P < 0.0001), but no interaction 

effect between Sex and Fantasizing (F (1, 57) = 1.020, P = 0.317). These interactions 

show that men in the patient group as well as the control group have higher scores 

on the emotionalizing subcomponent of alexithymia, whereas this difference was not 

present for the fantasizing subcomponent.  
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Alexithymia and Depression 

Due to the difference in depression scores between groups, we decided to separately 

investigate whether depression scores influence alexithymia scores. Therefore, we 

conducted two separate MANCOVAs each investigating one alexithymia 

component. Dependent variables were the alexithymia subcomponents, Group was 

entered as a predictor and depression scores were entered as a covariate. Results 

demonstrate that there was a significant main effect of depression in the cognitive 

emotional component of alexithymia (F (2, 52) = 7.753, P < 0.0001), as a consequence 

of which the main effect of Group was no longer significant (F (2, 52) = 0.208, P = 

0.890). Similar results were found for the subjective-emotional component. Even 

though the main effect of depression was not significant (F (2, 52) = 2.380, P < 0.103), 

the main effect of Group was also no longer significant (F (2, 52) = 1.141, P < 0.327). 

These analyses demonstrate that indeed when depression scores are taken into 

account, the effect of Group is no longer significant in both alexithymia components.  

 

 

 

Alexithymia and Emotion Regulation  

Finally, we looked at the relationship between alexithymia and emotion regulation 

strategies. We conducted a Multiple Linear Regression Analysis with the Cognitive-

Emotional subcomponent of Alexithymia (analyzing, identifying and verbalizing) as 

a predictor and Emotion Regulation Strategy (suppression and reappraisal) as a 

dependent variable. The Cognitive-Emotional subcomponents significantly predicted 

Suppression (F (3, 64) = 10.812, P < 0.0001; adjusted R2 = 0.31) but not Reappraisal 

scores (F (3, 64) = 1.787, P > 0.05; adjusted R2 = 0.032). However, when tested only in 

schizophrenia patients, the predictive value of the Cognitive-Emotional 

subcomponent of Alexithymia increased for both Suppression (F (3, 24) = 6.186, P = 

0.003; adjusted R2 = 0.37) and Reappraisal scores (F (3, 24) = 5.173, P = 0.007; adjusted 

Table 3. Regression coefficients for the Cognitive-Emotional subcomponent of alexithymia as a 

predictor and Emotion Regulation as a dependent variable. 

  Suppression Reappraisal 

  std β t std β t 

All subjects verbalizing 0.464 3.595* 0.266 1.745 

 identifying 0.076 0.649 -0.195 -1.409 

 analyzing 0.116 0.882 -0.199 -1.284 

      

Patients  verbalizing 0.523 2.916* 0.677 3.638* 

 identifying -0.372 -2.110** -0.459 -2.507** 

 analyzing 0.365 2.055 -0.066 -0.357 

      

Healthy verbalizing 0.522 3.105** -0.196 -0.917 

Controls identifying 0.353 2.481** 0.202 1.114 

 analyzing -0.119 -0.698 -0.246 -1.136 
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R2 = 0.32), which now became significant. In both models, the verbalizing subscale 

contributed most to the effect, followed by the identifying and the analyzing 

subscales. When the same analyses were conducted for control subjects alone, we 

found significant predictive value for Suppression scores (F (3, 36) = 10.090, P < 

0.0001; adjusted R2 = 0.41) but not for Reappraisal (P > 0.05). Coefficients and t-values 

of both models are displayed in table 3. Similar analyses conducted for the 

Subjective-Emotionalizing component of alexithymia did not reveal any significant 

effects (P > 0.05). 

 

Discussion 

The purpose of this study was threefold. Firstly, we investigated emotion regulation 

strategies in schizophrenia patients. Secondly, we examined the relationship between 

alexithymia and pre-morbid IQ in schizophrenia. Lastly, we investigated whether a 

relationship exists between alexithymia and emotion regulation strategies.  

As predicted, our results show that schizophrenia patients show a clear 

preference for suppressing their emotions, whereas healthy controls are more likely 

to reappraise. That is, healthy controls tend to use cognitive means to reinterpret the 

internal cues in order to diminish the affective valence of the emotional stimulus, 

whereas schizophrenia patients are more likely to suppress the emotionally valenced 

stimulus. Excessive use of suppression strategies instead of reappraisal strategies can 

result in discrepancies between the inner state and the executed behavior (Higgins, 

1987). That is, due to their preference for the use of the suppression strategy, this 

may result in an apparent flat affect even though their subjective emotional 

experience is similar as in healthy controls. This could explain the counterintuitive 

finding that schizophrenia patients indicate that they do have strong inner feelings of 

either negativity or positivity (Gur et al., 2006; Kring & Neale, 1996), but are not able 

to express themselves and suffer from flat affect (Carpenter, 2004; Gur et al., 2006)  

 Furthermore, according to John and Gross (2004), suppression and reappraisal 

strategies differ in cognitive demand. Since the suppression of response tendencies 

occurs relatively late in the sequence of the processing of and responding to an 

emotional stimulus, this strategy is more cognitively demanding than reappraising 

the emotional valence of the perceived stimulus. However, when one is less able to 

make use of a reappraisal strategy for any reason this might force someone to make 

more use of the suppression strategy. It has been shown that this process of 

suppression can take up cognitive resources otherwise used for other types of 

cognitive processing (Richards & Gross, 1999; 2000). This could result in increased 

physiological arousal, particularly for negatively valenced stimuli, and even 

impairment of the memory for the emotional event (John & Gross, 2004). Indeed, 

memory impairments for emotional stimuli have been demonstrated in 

schizophrenia patients (Hall et al., 2007; Neumann & Philippot, 2006; van 't Wout et 

al., 2006).  
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 Kirmayer and Robbins (1993) reported a relationship between alexithymia and 

emotional suppression and depression. We therefore conducted an additional 

regression analysis to determine whether depression scores could significantly 

predict the suppression score on the ERQ. We demonstrated that this was not the 

case. This suggests that the use of the suppression strategy does not significantly 

relate to depression.  

 Problems in emotion regulation have been associated with alexithymia in the 

past (Connelly & Denney, 2007; Taylor et al., 1997), however this relationship has not 

been investigated in schizophrenia patients. Regarding measures of alexithymia, our 

results show that patients score higher than healthy controls, particularly on the 

cognitive-emotional component of alexithymia. These differences were mainly due to 

a deficit in identifying emotions, a finding that is consistent with previous research 

(Cedro et al., 2001; Stanghellini & Ricca, 1995; van 't Wout et al., 2007). However 

these studies also reported impairments in verbalizing emotions in schizophrenia 

patients. A potential reason for this discrepancy could be the heterogeneity of the 

disorder or differences in sampling of patients [for instance we also did not replicate 

sex differences on alexithymia previously reported by van ‘t Wout and colleagues 

(2007)]. The finding that there was no group difference on the verbalizing subscale is 

consistent with the finding that pre-morbid verbal IQ does not change the effect of 

Group. The significant main effect of Group was mainly caused by the identifying 

subcomponent of alexithymia. Thus, the inclusion of pre-morbid verbal IQ (and 

importantly not global IQ) as a covariate, shows that Group differences were not 

caused by level of verbal eloquence, but rather by the ability to correctly identify the 

experienced emotion. Being unable to identify the experienced emotion may lead to 

an impairment to reappraise this emotion. However, the subjective feeling of 

negative affect will be present and has to be reduced. Patients who are better able to 

express themselves verbally and who will thus have a lower score on the verbalizing 

subscale of alexithymia, will be able reduce negative affect verbally, for example in 

psychotherapy. However, when patients are less able to express their feelings in 

words, the need to use other emotion regulation strategies – either suppression or 

reappraisal – becomes more urgent. This can be seen in the predictive value of the 

verbalizing subscale for emotion regulation strategy. Even though the causal 

relationship is difficult to pinpoint, our results do demonstrate that a relationship 

between the two is present. Perhaps a more lively inner speech, mental imagery and 

more enriched emotional state in patients (Kring & Neale, 1996; Myin-Germeys et al., 

2000) feeds the need to somehow express these feelings. So less eloquent patients will 

need to use both strategies and will thus on average use the suppression strategy 

more often than healthy controls in order to reduce this negative affect, irrespective 

of the assumption that this strategy will be more cognitively demanding.  

The annihilation of the group effect in alexithymia due to the inclusion of 

depression scores as a covariate might change the interpretation regarding 

alexithymia, though the direction of this effect is difficult to interpret. One might 

argue that this implies that the disability of schizophrenia patients to correctly 
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identify their emotions was not specifically due to their diagnosis, but were 

accounted for by their current depressive mood. On the other hand, one might argue 

that their inability to correctly identify their emotional state leads to a depressive 

mood. This is an important finding which may have considerable implications for the 

treatment of schizophrenia patients. However, this relationship needs further 

investigation in order to elucidate the direction of the effect.  

 Importantly, Van ‘t Wout and colleagues (2007) have investigated to what 

extent higher alexithymia scores in schizophrenia patients could be due to 

confounding factors, such as medication or severe symptomatology. They have 

tested patients as well as their siblings and demonstrated that especially male 

siblings may also have difficulties in verbalizing feelings. Even though we do not 

find a relationship between the verbalizing subcomponent and schizophrenia, our 

data do extend these previous findings by further showing that the problems 

schizophrenia patients experience in recognizing and expressing their emotions 

cannot not be fully explained by verbal eloquence (verbal IQ). Instead, alexithymia 

can possibly be seen as an additional symptom of schizophrenia – either caused by or 

leading towards a depressive mood – and, as proposed previously by Van ‘t Wout 

and colleagues (2007), as an important vulnerability marker for schizophrenia. 

However, considerable attention should be paid to depressive mood of patients. 

Depending on the direction of the effect, targeting this specific symptom may lead to 

improved emotional functioning of schizophrenia patients and therefore to an 

improvement of social functioning.  

 When the above reasoning is taken into account – regardless of the direction of 

the effect of depression – it is very well possible that emotion focused therapy 

(Greenberg & Bolger, 2001) might be beneficial. Greenberg and Bolger (2001) have 

argued that helping patients to become aware of their emotions and then providing 

help in how to regulate the emotional responses into less negative emotional 

experiences, might help patients to change their way of dealing with negative 

emotional stimuli. Teaching schizophrenia patients how to reappraise emotionally 

valenced events instead of using a suppression emotion regulation strategy might 

help these patients to diminish the affective impact of emotionally valenced stimuli, 

either internally or externally generated.    

 To further elucidate the neural basis of alexithymia and emotion regulation 

strategies in schizophrenia, functional brain imaging should be used. This approach 

has implied posterior cingulate cortex and frontal cortex dysfunction as well as 

dysfunctions in the hippocampal-amygdala circuits in alexithymia (Aleman & Kahn, 

2005) and could possibly also shed more light on the relationship between 

alexithymia and emotion regulation strategies that comes to the fore in this study.  
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Abstract 

Background Patients with schizophrenia often experience problems processing their 

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

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

neural basis of emotion regulation between schizophrenia patients, relatives and 

healthy controls.  

 

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

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

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

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

 

Results Both reappraisal and suppression yielded activation in areas associated with 

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

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

reappraisal as well as suppression relatives demonstrated increased activation in 

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

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

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

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

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

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

conditions. 

 

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

relatives showing increased activation in areas important for emotion regulation and 

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

efforts are made to recruit compensatory resources, while compensation mechanisms 

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

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

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

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

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

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

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

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

 This study specifically addressed the processes by which emotions are 

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

which the emotional experience is manipulated and the subsequent expression of 

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

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

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

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

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

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

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

commonly used in daily life lend themselves to experimental manipulation: 

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

2004). 

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

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

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

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

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

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

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

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

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

the regulation process reappraisal activated dorsolateral and ventrolateral prefrontal 

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

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

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

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

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

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

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

insula (Goldin et al., 2008).  

Difficulties in emotion regulation have been proposed as the underlying 

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

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

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

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

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

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

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

characterized by difficulties in describing and communicating feelings, difficulties 

differentiating emotions from bodily sensations and diminished affect-related 

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

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

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

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

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

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

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

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

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

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

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

vulnerability to schizophrenia.  

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

underlying reappraisal and suppression associated with schizophrenia and 

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

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

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

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

showed decreased brain activation in aforementioned areas as compared to control 

whereas for relatives both increased and decreased activation has been reported 

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

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

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

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

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

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

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

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

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

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

patients.  
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Materials and Methods 

Subjects 

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

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

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

confirmed with a diagnostic interview, the Mini-International Neuropsychiatric 

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

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

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

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

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

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

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

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

not different from other healthy controls. Demographic and clinical characteristics 

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

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

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

procedure had been fully explained prior to the experiment. 

 

Tasks and questionnaires 

Diagnosis and clinical characteristics 

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

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

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

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

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

 

Bermond-Vorst Alexithymia Questionnaire 

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

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

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

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

Higher scores indicate more pronounced alexithymic characteristics. Examples of 

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

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

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

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

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

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

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

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

colleagues distinguish between a cognitive component and a emotional component. 

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

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

Table 1. Demographic information and questionnaire results  

Variable Controls (N=20) 

Mean ± SD 

Relatives (N=20) 

Mean ± SD 

Patients (N=20) 

Mean ± SD 

Demographic information    

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

Gender (n male) 13 11 17 

Education 5.9  ± 0.9 6.0 ± 0.8 5.6 ± 1.1 

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

PANSS positive n.a. n.a. 14.7 ± 5.4 

PANSS negative n.a. n.a. 14.7 ± 4.1 

PANSS general n.a. n.a. 29.9 ± 7.7 

Medication (n) none none Aripiprazole (7) 

Citalopram (3) 

Clomipramine (1) 

Clozapine (2) 

Fluoxetine (2) 

Haldol (1) 

Mirtazapine (1) 

Olanzapine (9) 

Oxazepam (3) 

Paroxetine (1) 

Perphenazine (1) 

Quetiapine (3) 

Risperidone (1) 

Temazepam (1) 

Venlafaxine (1) 

Tasks and questionnaires    

ERQ    

     Reappraisal 5.0 ± 1.0 4.6 ± 1.0 4.6 ± 1.1 

      Suppression 2.9 ± 1.2 3.1 ± .09 3.8 ± 1.2 

    
BVAQ    

     Analyzing 20.1 ± 5.7 18.0 ± 4.1 24.3 ± 2.8 

     Identifying 20.3 ± 7.2 14.6 ± 3.6 21.2 ± 3.3 

     Verbalizing 23.2 ± 5.6 21.8 ± 5.2 25.1 ± 3.8 

     Emotionalizing 21.4 ± 3.4 22.1 ± 5.7 23.1 ± 5.5 

  Fantasizing 22.6 ± 5.9 21.5 ± 5.6 23.7 ± 4.0 

Cognitive component 63.6 ± 17.1 54.4 ± 8.9 70.6 ± 3.7 

Emotional component 43.9 ± 6.9 43.6 ± 9.0 46.8 ± 8.9 

    
Rating Emotion Regulation    

    Attend negative 2.3 ± 0.5 2.6 ± 0.6 2.8 ± 0.6 

 Reappraise 1.9 ± 0.6 2.2 ± 0.5 2.4 ± 0.7 

   Suppress 2.1 ± 0.6 2.5 ± 0.6 2.4 ± 0.6 

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

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

 

Emotion regulation questionnaire 

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

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

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

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

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

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

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

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

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

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

per subscale to calculate the score per subscale. 

 

Emotion Regulation task 

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

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

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

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

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

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

constructed as follows.  

 

 

 

 

 

 

 

 

 

 

 

 

 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

presented for 20 seconds. 

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

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

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

strategy.  

 

Data acquisition 

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

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

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

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

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

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

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

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

acquired in the bicommissural plane, covering the whole brain.  

 

Statistical analyses 

Behavioral analyses 

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

separate ANOVAs were performed for the Reappraisal and Suppression subscales of 

the Emotion Regulation Questionnaire with Group as dependent variable. BVAQ 

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

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

emotional component (subscales emotionalizing and fantasizing). Subscales were 

entered as independent variables and Group as dependent variable. Pairwise 

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

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

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

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

between-subject factor.  

To investigate whether alexithymia and success of down-regulation were 

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

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

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

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

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

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

 

FMRI analyses 

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

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

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

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

were preprocessed by applying slice timing correction, realignment and 

coregistration. Coregistrations were controlled manually for each subject to ensure 

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

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

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

Kernel.  

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

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

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

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

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

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

fixation and 5) suppress versus fixation. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

other groups.  

 

Results 

Behavioral data 

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

task are represented in table 1.  

 

Emotion regulation questionnaire  

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

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

Pairwise comparisons revealed that patients make significantly more use of the 

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

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

suppression strategy. 

 

Alexithymia  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

comparisons showed that patients did not differ significantly from relatives 

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

relatives rated stimuli significantly  

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

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

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

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

to some extent.  

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

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

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

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

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

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

attend negative condition, patients also responded significantly slower than HC 

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

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

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

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

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

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

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

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

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

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

regulation condition and not in the non-regulation conditions.  

 

Alexithymia and emotion regulation 

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

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

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

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

reappraisal and suppression. This revealed a significant correlation between the 

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

Decomposing this correlation for the individual subscales of the cognitive 

component showed that only the verbalizing subscale was significantly related to 

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

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

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

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

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

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

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

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

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

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

reappraisal strategy. Furthermore, the correlations between analyzing and 

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

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

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

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

Decomposing this correlation revealed that higher verbalizing scores were related to 

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

between the ERQ subscales and the emotional component were detected.  

 

 

 

 

 

 

 

 

 

 

 

 

Imaging results 

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

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

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

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

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

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

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

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

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

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

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

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

depicts brain activation patterns for the HC only.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reappraisal 

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

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

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

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

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

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

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

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

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

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

pattern would suggest that relatives demonstrate increased activation as opposed to 

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

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

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

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

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

dLPFC and the bilateral IPL. 

 

Suppression 

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

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

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

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

investigation of this activation pattern revealed that the activation actually 

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

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

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

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

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

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

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

table S3 for all peak activations). 

 

Discussion 

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

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

well as suppression relatives demonstrated increased activation in designated areas 

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

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

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

posterior insula and the dACC for the suppression strategy. Thus, for both the 



Neural correlates of emotion regulation 

 

 91

reappraisal and suppression strategy activation patterns between groups follow an 

inverted U-shaped pattern.  

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

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

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

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

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

behavioral results, schizophrenia patients reported more use of the suppression 

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

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

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

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

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

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

patients.  

Furthermore, we demonstrated that the ability to verbalize emotions was 

positively related to successful down-regulation of negative affect through 

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

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

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

rating of negative affect in all emotional conditions.  

 

Emotion regulation and the brain 

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

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

indeed induced negative affect. Furthermore, reappraising negative stimuli activated 

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

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

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

negatively valenced stimuli induced activation in the bilateral IFG and anterior 

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

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

al., 2008). 

 

Reappraisal  

Schizophrenia patients 

Most importantly, schizophrenia patients demonstrated less activation in the vLPFC 

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

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

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

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

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

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

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

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

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

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

patients with schizophrenia, less efferent and afferent anatomical connections have 

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

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

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

Finally, a relationship between the ability to regulate negative autobiographical 

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

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

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

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

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

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

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

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

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

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

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

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

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

may show similar or even stronger emotional reactivity compared to healthy 

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

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

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

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

down-regulation process between groups.  

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

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

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

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

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

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

down-regulation of negative affect.  

 

Relatives 

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

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

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

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

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

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

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

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

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

compensatory mechanisms may be sufficient for applying reappraisal strategies in an 

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

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

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

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

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

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

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

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

of other studies in which sometimes increased and sometimes decreased brain 

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

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

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

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

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

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

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

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

investigation.  

 

Suppression 

Schizophrenia patients 

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

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

patients seemed to show increased activation in regions implicated in the 

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

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

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

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

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

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

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

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

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

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

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

of HC.  

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

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

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

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

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

result in an increased subjective emotional experience for the negative stimuli 

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

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

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

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

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

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

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

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

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

to the level of HC.  

 

Relatives 

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

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

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

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

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

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

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

functional connectivity between the dMPFC and the amygdala. Future studies 

should further investigate such a hypothesis.  

 

Inverted U-shape 

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

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

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

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

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

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

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

in combination with the increased brain activation suggests that these increased 

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

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

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

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

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

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

mechanism which resulted in faster reaction times for the rating.  

 

Limitations and directions for future research 

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

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

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

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

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

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

patterns in patients.  

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

suppression and reappraisal. This would provide more detailed information with 

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

 

Conclusion 

The current study demonstrated that emotion regulation induces more activation in 

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

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

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

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

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

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

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

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

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

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

affect ratings compared to HC. 
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Supplementary Material 

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

HC only        

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

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

HC > Patients        

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

Patients > HC        

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

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

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

 

 

 

 

 

 

 

 

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

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

Background Several studies have investigated the neural correlates of self-reflection. 

In the paradogm most commonly used to address this concept, a subjects Is 

presented with trait adjectives or sentences and asked whether they describe him or 

her. Functional neuroimaging research has revealed a set of regions known as 

Cortical Midline Structures (CMS) appearing to be critically involved in self-

reflection precesses. Furthermore, it has been shown that patients suffering damage 

to the CMS, have difficulties in properly evaluating their problems and often 

overestimate their capacities and performance. 

 

Method Building on previous work, a meta-analysis was conducted of published 

fMRI and PET studies on self-reflection.  

 

Results The results showed that two areas within the medial prefrontal cortex 

(MPFC) are important in reflective processing, namely the ventral (v) and dorsal (d) 

MPFC. 

 

Conclusions In this paper a model is proposed in which the vMPFC is responsible 

for tagging information relevant for ‘self’, whereas the dMPFC is responsible for 

evaluation and decision making processes in self- and other-referential processing . 

Finally, implications of the model for schizophrenia and lack of insight are noted 
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Introduction 

The aim of this paper is to review the literature on self-reflection, and in particular its 

differentiation from other-reflective processing, by means of a meta-analysis of the 

fMRI and PET studies published so far on the subject. We will present a model of 

self-reflection and the brain based on the results of the meta-analysis. The discussion 

will be expanded to encompass the literature on failure of self-reflection processes, in 

particular in schizophrenia patients who may be viewed as having important 

problems in this area (Addington et al., 2006; Baird et al., 2006; Carter et al., 2001; 

2007). Recent neuroimaging evidence (Park et al., 2008; Taylor et al., 2007) suggests 

that processes relying upon these Cortical Midline Structures (CMS), a set of regions 

encompassing the posterior cingulate cortex (PCC), the medial prefrontal cortex 

(MPFC) and the anterior cingulate cortex (Northoff & Bermpohl, 2004), may be 

affected in this patient group. Finally, the possible role for self-reflection abilities in 

illness awareness in schizophrenia patients will be discussed. 

 The study of self has become increasingly popular in cognitive neuroscience 

over the past decade (Kircher and David, 2003). Several studies have investigated the 

neural correlates of self-reflection or self-referential processing. In the literature these 

terms are used interchangeably and refer to the evaluation process used to decide 

whether certain environmental cues apply to one’s self or not. Technically, self-

referential processing is a broader concept in which all information that somehow 

refers to oneself is processed and encompasses subconscious as well as conscious 

processing. Self-reflective processing on the other hand implies a conscious process 

in which a decision is made regarding oneself.  

Having an accurate representation of one’s traits, abilities and attitudes is 

important in evaluating one’s own behavior and comparing it with the behavior of 

other human beings. The most commonly used paradigm to address this concept in 

experimental and neuroscientific research uses self-reflection in which subjects are 

presented with trait adjectives or sentences and are asked whether the trait or 

sentence applies to them. Results have consistently pointed to a role of the CMS in 

these self-reflection processes, but this has not allayed misgivings regarding the 

concept of self-reflective processing (Gillihan & Farah, 2005) and whether the 

processing of self-reflective information is substantially different from the processing 

of information concerning other people. Finally, it has also been shown that patients 

who have suffered damage to the CMS have difficulties in properly evaluating their 

problems and often overestimate their capacities as well as their performance 

particularly on cognitively demanding operations (Schmitz et al., 2006).  

 

Neural correlates of self-reflection and the Cortical Midline Structures 

Most studies investigating self-reflection processes have found evidence for medial 

pre-frontal cortex (MPFC), posterior cingulate cortex (PCC) and anterior cingulate 

cortex (ACC) involvement in distinguishing self-related information from non self-
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related information. Even though these studies report a similar functional anatomy, 

the precise involvement of the component structures is debated. One of the first 

studies looking at the neural correlates of the ‘self-reference effect’, using PET was by 

Craik et al. (1999). The self-reference effect refers to the finding that people tend to 

remember words when processed in relation to themselves better than words 

processed more generally [see Symons and Johnson (1997) for a meta-analysis]. Craik 

et al. (1999) found that the retrieval of self-referential information is mediated by the 

right prefrontal areas including the MPFC, whereas the encoding of such information 

is similar to the encoding of information about others and is mediated mainly by the 

left prefrontal areas. This effect was replicated using fMRI by Kelly et al. (2002) and 

Johnson et al. (2002) who studied self-reflection by means of a paradigm in which 

subjects were presented auditorily with short questions, each entailing a trait, 

attitude or ability (e.g. ‘I am a good friend’). As a control condition, they used simple 

questions entailing general semantic knowledge (e.g. ‘You need water to live’). The 

authors found anterior MPFC (aMPFC) and PCC activation in the self-reflection 

condition. The studies by Craik et al. (1999), Kelley et al. (2002) and Johnson et al. 

(2002) were followed up by a number of other studies using similar paradigms and 

reporting similar areas of activation. Macrae et al. (2004) demonstrated that activation 

in MPFC regions corresponded to self-reflective judgments and memory 

performance related to self descriptive trait words. Fossati et al. (2003) were 

specifically interested in the processing of emotionally valenced words in self-

reflection. They presented positive and negative traits words and found dMPFC and 

PCC activation in a self vs. baseline contrast2. Interestingly, this dMPFC activation 

was not specific to either positive or negative stimuli but rather it was present 

regardless of valence. Gusnard et al. (2001) and Johnson et al. (2005) found only 

MPFC activation in a similar contrast in which subjects were asked to introspect 

either in response to pleasant/unpleasant visual stimuli or color preference 

respectively. Johnson et al. (2006) similarly used an introspection paradigm in which 

subjects ruminated on hopes and duties in comparison with a condition without self-

reference and found MPFC and PCC activation.  

Northoff et al. (2004) reviewed the literature on self-processing and 

neuroimaging and discussed the role of the CMS in self processing. They discussed 

each area separately and came to the conclusion that different areas within the CMS 

represent different functions, such as representation, monitoring, evaluation and 

integration. However, their review focused on the processing of self only. Many other 

recent studies have included an ‘other’ condition in which the subject is asked to 

reflect upon another person, either an unfamiliar person, a relative, close friend or 

someone famous, while presented with trait words (D'Argembeau et al., 2007; 

Gutchess et al., 2007; Heatherton et al., 2006; Kelley et al., 2002; Macrae et al., 2004; 

Ochsner et al., 2005; Schmitz et al., 2004; Schmitz et al., 2006; Zhu et al., 2007), trait 

                                                
2
 The terms ventral and dorsal medial frontal cortex are not always well defined in the literature. In this paper, a dividing line will be placed 

along Talairach z-coordinate of 20. The area above will be referred to as dMPFC, whereas the area underneath will be referred to as vMPFC 

[see Van Overwalle (Van Overwalle, 2009) and Krueger et al. (2009)]. This roughly corresponds to Brodmann’s areas 9 for dMPFC and 10 

and 11 for vMPFC (Northoff et al., 2006).  
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sentences (Modinos et al., 2009a; Pfeifer et al., 2007), or when instructed to introspect 

upon emotional pictures (Jenkins et al., 2008; Ochsner et al., 2004) or food preference 

(Seger et al., 2004). The involvement of the MPFC (Johnson et al., 2005; Macrae et al., 

2004; Modinos et al., 2009a; Ochsner et al., 2004; Schmitz et al., 2004; Schmitz et al., 

2006; Zhu et al., 2007) and PCC, precuneus (Heatherton et al., 2006; Johnson et al., 

2006; Modinos et al., 2009a; Ochsner et al., 2004; Schmitz et al., 2006; Seger et al., 

2004) in self-reflective processing is broadly confirmed. However, regarding ‘other’-

reflective processing and the extent to which this differs from self-reflective 

processing, the literature does not yield a consensus.  

 Even though most studies report differences in self vs. other processing, the 

brain region that is mostly reported to be functionally associated specifically with 

self-processing is referred to as MPFC (D'Argembeau et al., 2007; Gutchess et al., 

2007; Heatherton et al., 2006; Jenkins et al., 2008; Kelley et al., 2002; Modinos et al., 

2009a; Ochsner et al., 2004; Pfeifer et al., 2007; Zhu et al., 2007), while the same 

studies report this area to be involved in other processing as well. Additional areas 

that are reported to be involved specifically in self-processing are the anterior 

cingulate cortex (D'Argembeau et al., 2007; Heatherton et al., 2006; Modinos et al., 

2009a; Ochsner et al., 2005; Zhu et al., 2007), dorsolateral PFC (dLPFC) (Schmitz et al., 

2004), superior parietal regions (Seger et al., 2004) and lateral temporal regions (Kjaer 

et al., 2002; Lou et al., 2004). The observation that the involvement of the MPFC is 

reported for self as well as other-processing indicates that there is a need to be more 

specific regarding the areas within the MPFC that are involved in either self- or 

other-processing or both.  

Some studies suggest that a functional distinction should be made between the 

vMPFC and the dMPFC (Frith & Frith, 1999; Gusnard et al., 2001; Northoff et al., 

2006; Northoff & Bermpohl, 2004; Schmitz & Johnson, 2007) in which the dMPFC 

might process the non-emotional, and the vMPFC the more emotional content of the 

information. However, most studies mentioned above do not make this explicit 

distinction. Hence we still do not have a definitive answer to the question formulated 

by Gillihan and Farah (2005), namely, does the processing of self-referential 

information in the brain indeed differ as compared to the processing of other-

referential processing? And if so, which brain areas are functionally involved in these 

processes?  

To this end, a meta-analysis was conducted to integrate and extend the 

published findings. The aim was to get a more objective and quantitative picture of 

which regions are involved in self-referential processing specifically and those which 

are implicated in other-referential processing. The neuroimaging meta-analysis 

software algorithm that was applied allows visualization and precise localization of 

foci of activation that are consistent across the majority of studies.  
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Materials and Methods 

Articles included in the meta-analysis were identified through a literature search 

using the search terms ‘self AND (reflect* OR referen*) AND (fMRI OR "functional 

magnetic resonance imaging" OR PET OR positron emission tomography)’ in 

PubMed until November 2008. Furthermore, the references of the selected papers 

were searched for additional papers on self-reflection and neuroimaging that did not 

appear in the PubMed search. A total of 20 out of 29 PET or fMRI studies were 

selected based on the inclusion criteria below, resulting in a total of 16 and 17 studies 

for the self > baseline and the self > other contrasts, respectively. All studies included 

in the meta-analysis are presented in table 1 (self > baseline) and table 2 (self > other).  

 

1. Only studies in which the whole brain was measured were included 

in the meta-analysis. 

2. Studies were only included when a paradigm was used in which the 

subject had to decide whether or not a trait word or sentence was 

applicable to the self or to another (predefined) person. 

3. Studies were only included when reporting a self versus baseline 

contrast and/or a self versus other contrast.  

4. All studies reporting a self > baseline contrast included a self 

condition where the subject was asked to self-reflect and a baseline 

condition not involving self-processing.  

5. All studies reporting a self > other contrast included a self condition 

where the subject was asked to self-reflect and an ‘other’ condition 

in which the subject was asked to reflect upon another person.  

6. Studies reporting a self versus non-self contrast, but not including a 

non-self semantic baseline were excluded from the meta-analysis.  

7. Only studies using auditory or visually presented trait words or 

sentences were included in the meta-analysis. Studies using facial 

stimuli or emotive pictures were excluded from the meta-analysis.  

8. Only activation data and not deactivation data were included in the 

meta-analysis.  

 

Two contrasts will be explored in this meta-analysis, a self > baseline contrast and a 

self > other contrast. The self > baseline contrast included peak activation data from 

14 fMRI studies and 2 PET studies (see table 1). All studies reported a self condition 

in which the subject is asked to self-reflect and a baseline condition not involving 

self-processing. The self > other contrast included peak activation data from 15 fMRI 

studies and 2 PET studies (see table 2). The exclusion of 9 out of 29 studies was 

mainly a result of criteria 2 and 3.  
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Statistical analysis 

Parametric voxel-based meta-analysis [PVM; (Costafreda et al., 2009)] was employed 

to determine the brain areas where the studies identified in the literature search 

reported activations with a degree of consistency that could not be explained by 

chance alone. Briefly, PVM compares the observed distribution of reported 

activations across studies with a spatial null distribution reflecting the null 

hypothesis that the activations reported by each study have been generated at 

random locations across brain regions.  

Based on this null model, a brain map representing the probability of 

observing a given degree of concordance across studies by chance alone is computed, 

and thresholded to reveal the areas of above chance concentration of activations 

across studies using the false discovery rate [q=5%, (Benjamini & Hochberg, 1995)]. 

The purpose of the method is therefore to determine a cut-off point above which a 

certain foci overlap across studies is deemed statistically significant, in the sense of 

unlikely to have been generated by chance. The PVM method requires only the pre-

specification of a smoothing parameter, which is here defined by a radius of 10 mm 

around each reported focus of activation. Each individual study map contribution to 

the final concordance map is weighted by the square root of its sample size. PVM 

implements a random effects model, whereby each study is assigned its own specific 

signal and noise function, thus reflecting that studies may differ due not only to 

random error, but also because of differences in equipment, analysis methods and 

subject population. Random effects modeling across studies results in better 

generalization of potential findings, and it is equivalent to the random effects 

approach for multisubject analysis in neuroimaging (Mumford & Nichols, 2006). It 

also provides an easily interpretable summary statistic, the percentage of studies 

reporting activation in the vicinity of a given voxel. Using simulated and real meta-

analysis data, this approach has been shown to be a valid and powerful technique for 

neuroimaging meta-analysis (Costafreda et al., 2009). The software has been 

implemented in R, and it is available from the second author. 

 

Results 

The results of this meta-analysis are presented in figures 1 (self > baseline) and 2 (self 

> other). Tables 3 (self > baseline) and 4 (self > other) summarize brain regions that 

were revealed by this meta-analysis. The self > baseline contrast yielded four clusters 

(see table 3). A first large cluster with 58% and 55% of the studies reporting activation 

in this area included the Posterior Cingulate/Precuneus (BA23/30) and the Cuneus 

(BA 18), respectively. A second large cluster, with a similar 58% and 51% of 

concordance among studies showed Frontal Superior Medial (BA10) and Anterior 

Cingulate (BA32) activation, respectively. Thirdly, a cluster including left Frontal 

Superior areas (BA9) and Frontal Superior Medial (BA9) showed 44% and 37% of 

concordance among studies, respectively. Finally, a cluster, with 38% of the studies  
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Figure 1. Random-effects meta-analysis results for the contrast Self-reflection > Baseline. The score is the 

proportion of experiments reporting at least one activation peak within a local neighborhood of size ρ=10  mm, 

weighted by study size (FDR corrected, q=0.05).  Sagittal slices at X = -40, -32, -24, -16,  -8,  0,   8 in MNI space. 

 

Figure 2. Random-effects meta-analysis results for the contrast Self-reflection > other-reflection. The score is the 

proportion of experiments reporting at least one activation peak within a local neighborhood of size ρ=10 mm, 

weighted by study size (FDR corrected, q=0.05).  Sagittal slices at X = -40, -32, -24, -16,  -8,  0,   8 in MNI space. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
reporting activation in this area included the Left Inferior Frontal, Orbital part 

(BA47), the Left Temporal pole (BA38) and the Left Insula (BA48). 

The second contrast that was studied was the self > other (see table 4) and 

yielded only one large cluster with a concordance of 35%-49% between studies 

showing Anterior Cingulate (BA24/32), concordance 49 %, Frontal Mid Orbital 

(BA10), concordance 48%, Frontal Superior Medial (BA10), concordance 43% and left 

Mid/Superior Frontal (BA10/46), concordance 35%, activation.  
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Discussion 

Cortical Midline Structures 

The areas that were most consistently activated across studies in this meta-analysis 

largely converge with what one would expect from individual studies that 

investigated self-reflection. Regarding self-reflection > baseline the integration of the 

published evidence leaves it beyond doubt that the Cortical Midline Structures 

(CMS) are associated with self-processing. However, this meta-analysis also pointed 

to other areas that have not been particularly highlighted before in relation to self-

processing, although they were evidently activated in most individual studies: the 

insula, temporal pole and Inferior Frontal Cortex (orbital part). Furthermore, this 

meta-analysis demonstrates that a clear distinction can be made in activation patterns 

for self-reflective and other-reflective processing. 

As to the role of the CMS, the meta-analysis shows that areas consistently 

activated included the vMPFC, dMPFC, PCC and ACC (see figure 1). We speculate 

that a functional distinction should be made between these areas. Based on the meta-

Table 3. Random-effects meta-analysis (FDR threshold, q=5%), for self > baseline 

Cluster Anatomical label 
Coordinates 

  x       y       z   

Max. score 

(%) 

Volume 

(cc) 

#1 
Posterior Cingulate / Precuneus 

(BA23/30) 
-2 -60 20 58 4,6 

 Cuneus (BA 18/23) -4 -64 24 55 1,2 

#2 Frontal Superior Medial (BA10) -2 56 8 58 2,3 

 Anterior Cingulate (BA32) -2 42 12 51 2,1 

#3 Left Frontal Superior (BA9) -10 44 32 44 1,0 

 Frontal Superior Medial (BA9) -12 45 34 37 0,1 

#4 Left Inferior Frontal, Orbital part (BA47) -38 22 -12 38 0,6 

 Left Temporal pole (BA38) -40 24 -20 38 0,2 

 Left Insula (BA48) -38 16 -8 38 0,2 

The score is the proportion of experiments reporting at least one activation peak within a local neighborhood of 

size ρ=10 mm, weighted by study size. The coordinates are in MNI space and refer to the voxel with maximum 

score. 

Table 4. Random-effects meta-analysis (FDR threshold, q=5%), for self > other 

Cluster Anatomical label 
Coordinates 

x        y       z 

Max. score 

(%) 

Volume 

(cc) 

#1 Anterior Cingulate (BA24/32) 2 42 20 49 10,4 

 Frontal Mid Orbital (BA10) 0 50 -2 48 2,9 

 Frontal Superior Medial (BA10) -2 54 8 43 3,1 

 Left Mid / Superior Frontal   (BA 10/46) -18 50 16 35 1,2 

The score is the proportion of experiments reporting at least one activation peak within a local neighborhood of 

size ρ=10 mm, weighted by study size. The coordinates are in MNI space and refer to the voxel with maximum 

score. 
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analysis and the reviewed literature, it is proposed that the dMPFC and PCC are not 

only involved in the processing of self-relevant information, but rather are involved 

in the evaluation and decision making process of whether a certain stimulus is 

applicable to the self or to another person (dMPFC) and the consultation of 

autobiographical memory (PCC). In contrast, the vMPFC is specifically involved in 

the processing of self-referential stimuli and not in the processing of other referential 

stimuli. Other studies that have previously suggested a functional distinction 

between the vMPFC and dMPFC have focused on self-reflective processes only and 

have not discussed other-reflective processing. In a study by Gusnard et al. (2001) an 

increased activation in the dorsal MPFC in the self-referential condition as compared 

to the non self-referential condition was demonstrated. Importantly, the authors 

found a decrease in activation in the ventral MPFC in both conditions. They suggest 

that dorsal MPFC activation is increased when processing self-referential stimuli or 

when engaging in introspective activities. Regarding the ventral MPFC, they suggest 

that this area is engaged in processes in which salience of stimuli is assessed. 

Furthermore, they suggest that the function of the vMPFC should be distinguished 

from the function of the orbito-MPFC. Through the oMPFC, the vMPFC receives 

sensory information from inside and outside the human body (Barbas, 1993; 

Carmichael & Price, 1995; Rolls & Baylis, 1994). Besides its connections with the 

oMPFC, the vMPFC is intimately connected to the limbic system (Ongur & Price, 

2000). These interconnections suggest that the vMPFC plays a key role in emotional 

processing (Bush et al., 2000; Drevets & Raichle, 1998; Simpson et al., 2000). Bechara 

et al. (1997) more specifically proposed that the vMPFC is responsible for the 

coupling of emotional and cognitive processes regarding decision making, which 

might involve constant monitoring of the internal and external world (Elliott et al., 

2000).  

The dorsal MPFC area on the other hand, has been hypothesized to be 

involved specifically in self-referential processing (Frith & Frith, 1999). In line with 

these suggestions, Northoff et al. (2006) and Northoff and Bermpohl (2004) 

postulated that the dMPFC is important in the evaluation of self-referential stimuli, 

whereas the PCC is responsible for the integration of autobiographical information 

and emotional information regarding the ‘self’. Finally, Schmitz et al. (2006), 

demonstrated evidence for a vMPFC-Nucleus Accumbens-Insula-Amygdala network 

responsible for the affective component of decision making regarding the self. 

Furthermore, they provided evidence for a dMPFC-dorsolateral PFC-Hippocampus 

network which is involved in the cognitive control or monitoring of decisions 

regarding the self. Recently, Schmitz et al. (2007) proposed that the vMPFC is 

particularly important in detecting the self-relevance of the perceived stimulus, while 

the role of the dMPFC is of a more introspective nature.  

This meta-analysis suggests that this vMPFC involvement may be concerned 

with the affective processing of self-relevant information. However, in contrast to the 

suggestions of Schmitz et al. (2007), the results suggest that the involvement of the 

dMPFC is not unique to self-reflective processing but rather this region is important 
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for reflective processing on a broader scale. Furthermore, Mitchell et al. (2006) 

compared activations when subjects reflected upon ‘similar others’ compared to 

‘dissimilar others’ and demonstrated activation in the vMPFC for the former and 

dMPFC activation for the latter condition. Thus the proposed dichotomy between the 

vMPFC and the dMPFC (Mitchell et al., 2006; Schmitz & Johnson, 2007; Schmitz et al., 

2006) is supported by this meta-analysis which enables it to be taken one step further. 

The results diverge from Schmitz et al. (2007; 2006) when the second contrast of this 

meta-analysis is taken into account. When comparing self > other reflection 

processes, no involvement of the dMPFC was found, but the vMPFC and vACC seem 

to be the core regions. This suggests that the dMPFC is important in reflection 

processes per se. We suggest that the vMPFC and the vACC activation are related to 

a more affective process, namely the processing of self-relevant information. 

According to Northoff and Bermpohl (2004) and Northoff et al. (2006), an emotional 

component is inherent to self-processing. That is, they look upon emotional stimuli 

as being mentally significant and thus essential for decision making regarding the 

self. They proposed a continuum of self–relevance and a involvement for the vMPFC 

in coding the information for self-relevance: the more self-relevance, the more 

emotional, the greater the activation of the vMPFC. Moran and colleagues (2006) 

demonstrated by means of an affective self-reflection paradigm that activation of 

dMPFC is indeed independent of valence. This is in contrast to vACC activation, 

which was attenuated when the stimulus was negative and related to the self and 

heightened when the stimulus was positive and related to the self. This perhaps 

explains why these areas are less active in other reflection processes since when 

judging another person, it is less important to the self-image whether the stimulus is 

positive or negative. Similar results were found by Yoshimura et al. (2008) and 

Fossati et al. (2003) confirming the affective role of the vMPFC and vACC in self-

reflective processing. A number of studies do report ACC activation in an other vs. 

baseline contrast (Heatherton et al., 2006; Kelley et al., 2002; Ochsner et al., 2005; 

Pfeifer et al., 2007; Seger et al., 2004; Zhu et al., 2007). When these findings are 

combined with the results of this meta-analysis, it seems that the ACC is involved in 

both self- and other-reflective processing. However, since ACC activation is present 

in the self > other contrast, this suggests that this area is more active in self- than in 

other-reflective processing and that the amount of activation in the ACC may be a 

indicator for self-specificity. Unfortunately, due to the limited number of studies 

reporting data on this contrast, this could not be included in the meta-analysis.  

Interestingly, recent studies in patients with schizophrenia suggest that 

specifically the vMPFC shows abnormal activation in emotional tasks (Harrison et 

al., 2007; Park et al., 2008; Taylor et al., 2007). This may imply that these patients 

experience difficulties in self-reflection, resulting in an inaccurate representation of 

their traits, abilities and attitudes and thus hampering the evaluation of their own 

behavior and the comparison with the behavior of others.  
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Anterior Paralimbic Regions 

Besides CMS activation, this meta-analysis showed insula, temporal pole and IFC 

orbital part activation in the self versus baseline contrast (see figure 1). These 

structures are functionally interrelated and, together with the ACC, have been 

suggested to form a circuit involved in representing and processing internal affective 

bodily states (Mega et al., 1997). A role that can be linked to self-processing and has 

often been associated with the temporal pole is Theory of Mind processing (Frith & 

Frith, 1999; Moriguchi et al., 2007). It has been shown that damage to the temporal 

pole region can result in an impairment in the use of knowledge a person has on the 

behavior of others and on situations associated with this behavior (Funnell, 2001). 

Damasio (2004) suggested that the temporal pole unites information from different 

modalities and by this defines unique situations and individuals. It is possible that 

this unification of information does not just occur when judging other individuals, 

but also when bits of information about one’s self are processed.  

Regarding the insula, Damasio (1999) suggested that it plays a role in the 

representation of the current bodily state of the organism, also called ‘protoself’. 

Anatomically, the insula is highly connected with the limbic system and with the 

prefrontal cortex and is believed to play a key role in the integration of 

viscerosomatic information (Mayberg et al., 1999), that is, transient bodily states. 

Insula activation has been reported in studies on, amongst others, agency (Ruby & 

Decety, 2001), self-related episodic memory (Fink et al., 1996), self- and familiar face 

processing (Kircher et al., 2001) and food preference processing (Seger et al., 2004). 

Furthermore, it has recently been demonstrated that the insula is involved in 

decision-making processes on affective stimuli (Craig, 2009; Grabenhorst et al., 2008).  

Finally, activation in the orbital part of the IFC was found. The IFC is 

commonly activated in the encoding of verbal information (Buckner et al., 1999). 

According to Kelley et al. (2002), this region is activated in self-reflective processing 

due to semantic encoding processes. These processes are more thorough when 

processing self-relevant information than simple baseline processing, simply because 

it is likely to be more important to later recall information about oneself.  

 

A model of self-reflection in the brain 

To enhance the understanding of the mutual functional roles of the brain regions that 

emerge from this meta-analysis, we propose a model of self-processing in the brain 

(see figure 3). When a person is confronted with a situation in which decisions have 

to be made regarding the self or another person, firstly self-directed attention will 

modulate the manner in which the stimulus is processed. When attention is directed 

to the self, self-relevant features of the information will be filtered out and will be 

tagged. This information will be coupled to information gathered from the internal 

world, that is, from the affective bodily state. Furthermore, one needs to gather past 

information on the self in order to make an accurate decision, requiring 

autobiographical memory consultation. Lastly, evaluation and decision regarding the 
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Figure 3. A model for self-reflection in the brain. In blue the pathway that is followed for both self- and 

other-reflective processes. In red the pathway that is followed for self-reflective processing only. Thus, if the 

stimulus is tagged for self, both the red and blue pathways are followed.   

applicability to the self or other has to be made.  

Evaluations and decisions regarding another person might still call upon 

autobiographical memory and emotional processes since this person may be close to 

the self. However, as implied by the results of this meta-analysis, the information will 

not receive the self-relevance tags, which is so specific for self-processing. Thus, we 

distinguish two different pathways: (1) a pathway that includes processes similar for 

self- and other-reflective processing and (2) an additional pathway that is specific for 

self-reflective processing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Regarding brain areas that are involved in the processes just described, the 

results of our meta-analysis suggest that the ACC may be important for directing 

attention to the self. Consequently, the vMPFC might be responsible for tagging the 

stimulus when it is relevant for self [cf. Northoff and Bermpohl (2004) and Northoff 

et al. (2006)]. Anatomically, the vMPFC is connected to the limbic system (Young et 

al., 1994) as well as the dLPFC (Ghashghaei & Barbas, 2002) - important for working 

memory performance and temporal organization of behavior (Buchsbaum et al., 

2005; Corcoran & Upton, 1993; Fuster, 1997; Fuster, 2000; Gilbert et al., 2006; 

Goldstein et al., 2004; Haut et al., 1996; Hermann & Wyler, 1988; Upton & Corcoran, 

1995). dLPFC exerts executive control on the vMPFC, through which in turn the 

limbic system is influenced (Phelps, 2006). The insula and PCC provide the 

individual with further information regarding the internal bodily state and memory 
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respectively, while an evaluation and a decision concerning the applicability of the 

stimulus is likely to be finalized by the dMPFC [cf. Northoff and Bermpohl (2004) 

and Northoff et al. (2006)]. It may be expected that if any of these areas are damaged, 

this will hamper the gathering of information in one or more areas, resulting in 

defective or imperfect evaluation and decision-making.  

As can be seen in figure 3, the dLPFC is not included in the model. Our 

interpretation of the data is that the main function for the dLPFC is its role in 

executive control. This function is not specific to the reflective network, whereas the 

proposed interplay between the other regions suggested in the model is specific to 

reflective processing. 

When self-processing is hampered this can lead to major problems in the 

social domain, particularly in the domain of behavior modification in a social 

situation as well as in the recognition of social cues (Atkinson & Robinson, 1961). 

This typically is one of the major problems encountered by schizophrenia patients.  

 

Implications for defective self-processing in schizophrenia 

In the recent literature there has been an interest in these social cognitive deficits in 

schizophrenia patients, using paradigms such as ‘Theory of mind’ (TOM) or the 

capacity to put oneself in another person’s shoes (see Sprong et al. (2007) for a meta-

analysis), self-monitoring (Carter et al., 2001), or emotional face recognition 

(Addington et al., 2006; Baird et al., 2006). One area that has received little attention is 

the relationship between schizophrenia and self-processing, in particular self-

reflection. 

 Dimaggio et al. (2008) argued that to be able to recognize emotions in others, 

one needs to be able to recognize one’s own emotions. That is, to be able to put 

oneself in another person’s shoes, one uses one’s own perspective as a basis for the 

interpretation (Carruthers, 2009). Importantly, the areas found in this meta-analysis 

come close to an area which has been labeled the anterior paracingulate cortex and 

which is thought to be of crucial importance for the formation of shared expectations 

in the own person and another agent (Gallagher et al., 2002; Gallagher & Frith, 2003; 

McCabe et al., 2001). This implies that the deficits in TOM could be based on deficits 

in self-reflective capacities. This is supported by findings of Corcoran and Frith (2003; 

2005) who demonstrated a correlation between autobiographical memory retrieval 

and TOM performance in schizophrenia patients. Corcoran (2001) argued that when 

people try to infer a person’s mental state, they consult autobiographical memory as 

a basis for this attempt.  

If self-reflective processing in schizophrenia patients is impaired, one would 

expect a deviant pattern of activation in self-reflective processing networks. FMRI 

data on an emotional stroop paradigm indeed shows abnormal activation in the 

vMPFC (Park et al., 2008; Taylor et al., 2007) The present meta-analysis shows that 

the vMFPC seems to be of particular importance when reflecting upon oneself as in 

the contrast self > other, implying that schizophrenia patients might experience 
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particular difficulties in self-reflection processes.  

 An interesting specification of impaired self-processing in schizophrenia 

patients may be the relationship between lack of illness awareness and self-reflective 

processing. When one experiences problems in reflecting external information upon 

oneself, this might lead to impaired insight in schizophrenia patients.  

 

Schizophrenia, insight and self-reflection 

Lack of insight is a widely recognized problem in clinically psychotic patients 

(Amador & David, 2004). Not only can this hamper the attempts of the clinician to 

help the patient, it also causes distress and feelings of frustration in family and 

friends. It is as yet unclear what causes unawareness of illness. Several studies have 

related lack of insight to reduced cognitive function and in particular cognitive set-

shifting abilities [see Aleman et al. (2006) for a meta-analysis]. However, this accounts 

for a relatively small proportion of the variance in insight.  

 A possible new approach to the insight problem is to look at self-processing. 

So far, no studies have looked directly at the relationship between insight in 

psychosis and self-reflective processing, despite the apparent link. Patients, who 

experience difficulties in reflecting upon themselves, will most likely also have 

difficulty reflecting upon themselves in the light of their illness, symptoms and use of 

medication. In a paper by Ries et al. (2007) this train of thought was confirmed in 

individuals with Mild Cognitive Impairment. Individuals who had impaired insight, 

showed significantly attenuated activation of the CMS during self-appraisal. 

Importantly, the authors demonstrated that this relationship was not influenced by 

the cognitive impairment itself. In line with these findings Lysaker et al. (2005b) 

demonstrated that better metacognitive skills, such as the ability to think about one’s 

own thoughts, were related to better insight in patients with schizophrenia. This 

concept is closely linked to the concept of ToM, namely to think about the thoughts 

and actions of another agent. Interestingly, some studies suggest that the capability to 

think about another agent thoughts does not imply full metacognitive capacities 

(McEvoy et al., 1993; Rockeach, 1964; Startup, 1997). These studies demonstrate that 

patients lacking insight into their own illness, were fully capable of recognizing the 

illness and symptoms in fellow patients. Thus as Wiffen and David (2009) proposed, 

self-reflective processing may make use of similar cognitive mechanisms as ToM 

processing, but this does not imply that these processes cannot be affected 

autonomously.  

 Several MRI studies have related lack of insight in schizophrenia to the 

structure of prefrontal sub-regions (Flashman et al., 2001; Shad et al., 2004; Shad et 

al., 2006), such as the dLPFC (Flashman et al., 2001; Shad et al., 2006), OFC (Flashman 

et al., 2001; Shad et al., 2006), MFG (Flashman et al., 2001), IFG (Sapara et al., 2007) 

and SFG (Sapara et al., 2007). Due to cognitive control on the medial PFC and thence 

the limbic system (Phelps, 2006) one might assume that the dLPFC does not only 

exert control in executive functioning or set-shifting, but also in more emotionally 
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related cognition including self-reflective processing. This reasoning is confirmed by 

a study by Schmitz et al. (2004) who found a relationship between bilateral dLPFC 

activation, MPFC activation and self-evaluative metacognition. Furthermore, a 

functional relationship between the dLPFC and the PCC, which has been associated 

with the storage of autobiographical memory (Andreasen et al., 1995; Maddock et al., 

2001; Maguire & Mummery, 1999), is reflected in the dense connections between the 

dLPFC and the PCC (Petrides, 2005; Petrides & Pandya, 1999). As mentioned before, 

in the process of self-reflection, one needs to gather past information on the self in 

order to make an accurate decision, requiring autobiographical memory consultation.  

 Due to a deficit in cognitive control caused by dLPFC dysfunction, patients 

who lack insight may not only be impaired on more cognitive tasks, but also 

experience problems in self-reflective processing. In terms of the proposed model, 

due to an impaired controlling function of the dLPFC, the other areas important for 

self-evaluative and meta-cognitive problems, the vMPFC, dMPFC and PCC, will 

show sub-optimal functioning each leading to impaired self-evaluative processing 

and an unwillingness to accept that one is ill and needs treatment. 

 To test the validity of the proposed model, more research should be conducted 

looking at self-reflective processing and its neural correlates in patients lacking 

insight. This might guide us to the processes that are impaired in this patient group 

and give us a direction in which treatment should be directed in order to help these 

patients. The current proposal and meta-analysis of data from healthy subjects 

prepares the ground for such a project. 

 

Limitations and directions for future research 

One important drawback of meta-analysis is that it relies only on published data 

which is biased against negative results; often called the “file-drawer” problem. The 

central aim of fMRI meta-analysis, however, lies not on the aggregation of power 

across studies, but rather on its capacity to assess the reliability of findings across 

studies, thereby determining the location of an aggregate effect, and simultaneously 

reducing the likelihood of false positive reporting. It is arguable that this function-

location aim is less affected by a file-drawer problem (Fox et al., 1998). However, no 

guarantee can be given that in addition to the significant regional effects reported 

here, other effects exist in other areas that have not been picked up by the meta-

analysis because of low reproducibility across studies. On the other hand, the 

statistically significant meta-analysis results are very likely to represent true effects, 

even in the presence of a file-drawer problem (for a more detailed discussion of 

power, reliability and the limitations of fMRI meta-analysis (Costafreda et al., 2009).  

In the current meta-analysis only two contrasts are included, self > baseline 

and self > other. Unfortunately, most studies suitable for inclusion in the meta-

analysis did not report coordinates for a third contrast: other > baseline. Therefore, 

this process could not be discussed. Furthermore, readers should note that only self-

reflection studies using trait words and sentences were included in the meta-analysis, 
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which limits the conclusions regarding self-processing in general. Finally, besides 

making a distinction between self- and other-reflective processing, a finer distinction 

may be that of distant and close others. Reflecting upon a close other may come 

closer to self-reflection and recruit the vMPFC, whereas reflecting upon a distant 

other should not. The presented model provides a theoretical framework by which 

these and similar hypotheses can be explicitly tested. 

 

Acknowledgements 

The authors would like to thank Marieke Pijnenborg for her useful comments on the 

manuscript. Sergi Costafreda would like to gratefully acknowledge support from the 

Wellcome Trust Value in People Award and the National Institute for Health 

Research (NIHR) Specialist Biomedical Research Centre for Mental Health award to 

the South London and Maudsley NHS Foundation Trust and the Institute of 

Psychiatry, King’s College London. Finally, we would like to thank the reviewers for 

their comments and suggestions. 



 

 118 



 

 119

 

 

 

 

 

 

 

 

 

 

Insight in psychosis: relationship with 

neurocognition, social cognition and clinical 

symptoms depends on phase of illness 

 

 

 

 
Piotr J. Quee, Lisette van der Meer, Richard Bruggeman,  

Lieuwe de Haan, Lydia Krabbendam, Wiepke Cahn,  

Niels C.L. Mulder, Durk Wiersma, André Aleman 

Schizophrenia Bulletin (in press) 



Chapter 7 

 

 120 

Abstract 

Background Reduced insight has been reported in a majority of patients with a 

psychotic disorder. Most studies have focused on associations with neurocognition, 

neglecting relations with social cognition. 

 

Method 270 patients with non-affective psychosis participated in this study, which 

was part of the GROUP (Genetic Risk and Outcome of Psychosis)-project. Linear 

regression analyses were performed to investigate the predictive value of composite 

measures of neurocognition, social cognition and clinical symptoms. The moderating 

effect of phase of illness was also investigated. Insight was measured with a 

composite measure, based on the insight item on the Positive And Negative 

Syndrome Scale (PANSS) and the Birchwood Insight Scale (BIS).  

 

Results Insight on the BIS and the PANSS correlated significantly (r = .406). All 

independent variables correlated with the insight composite measure. The additional 

effect of social cognition and clinical symptoms were both significant. Phase of illness 

was a moderating variable: in patients with recent onset psychosis, none of the 

independent variables explained variance. In patients with multiple episode or 

chronic psychosis, both social cognition and clinical symptoms had additional effects 

and explained insight, along with neurocognition, together explaining 20 % of the 

variance.  

 

Conclusions These findings indicate that multiple factors are associated with insight 

in psychosis. Specifically, associations of insight with social cognitive and clinical 

symptom measures were observed, over and above a contribution of neurocognition. 

This supports theories that imply a role for deficient emotion recognition and 

mentalizing in reduced insight. Further studies need to investigate insight in recent 

onset psychosis into more detail. 
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Introduction 

Reduced insight (or unawareness of illness) has been reported in a majority of 

patients with a non-affective psychotic disorder (Amador & Gorman, 1998). Insight 

can be studied as a set of descriptive beliefs and as a personal narrative (Roe & 

Kravetz, 2003). Most studies investigating the neurocognitive correlates of insight 

treat the concept as a set of descriptive beliefs, mostly to formalize the concept of 

insight and thus enabling the subject for quantitative research. Even though studying 

insight as a personal narrative is of great importance to understand the individual 

differences with regard to insight, this approach is of a highly subjective nature, 

making it very hard to study the concept in a quantitative manner. In the current 

study, consistent with previous studies that investigated insight in psychosis and 

cognitive function, we focused on insight as a set of descriptive beliefs for which 

three distinct dimensions have been proposed: (1) the recognition that one has a 

mental illness, (2) the recognition of the need for treatment, and (3) the ability to re-

label unusual mental events (delusions and hallucinations) as pathological (David, 

1990). The concept of insight is clinically relevant, because poor insight is associated 

with psychosocial dysfunction and poorer treatment adherence, in addition to an 

increase in the number of re-hospitalizations (Amador & David, 2004). Therefore, 

investigating which factors are specifically related to poor insight is of crucial 

importance for understanding psychotic disorders and for further development of 

treatment strategies. 

Over the past decades, a considerable number of studies have investigated the 

association between neurocognition and insight. A meta-analysis of these studies 

found that, although there was a significant relationship, the predictive value of 

neurocognition was rather modest (Aleman et al., 2006). Furthermore, in 

schizophrenia, all neurocognitive domains (i.e. reasoning and problem solving, 

verbal learning and memory) were found to predict reduced insight to a similar 

degree. Thus, employing a composite measure of several neurocognitive domains 

(Keshavan et al., 2004) may be adequate and may enhance reliability. It is also 

possible that other neuropsychological aspects are associated with insight. Indeed, in 

recent years there is increasing interest in the concept of social cognitive impairments 

in psychosis. Social cognition has been referred to as “the ability to construct 

representations of the relations between oneself and others, and to use those 

representations flexibly to guide social behaviour” (Adolphs, 2001). Studies of social 

cognition in psychosis have mainly focused on emotion perception and theory-of-

mind processing (Pinkham et al., 2003). The combination of impaired social cognition 

and poor insight has been reported in other populations with brain abnormalities 

(Bach & David, 2006; Kipps & Hodges, 2006). In addition, some studies have 

reported a relationship between social cognition and insight in psychosis as well 

(Bora et al., 2007; Lysaker et al., 2005b), whereas others have not (Drake & Lewis, 

2003). When investigating factors associated with insight, it should be taken into 

account that social cognition and neurocognition are partially overlapping concepts 
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(Sergi et al., 2007). However, most of the studies to date have investigated whether 

social cognition or neurocognition is more related to insight, not whether one of these 

factors is of additional value in explaining insight. 

A third group of factors that have been found to be related to insight are 

clinical symptoms (Mintz et al., 2003). Relationships with positive symptoms, 

negative symptoms and disorganization have been found (Mintz et al., 2003). Some 

researchers claim that symptoms have more predictive value on insight, as compared 

to neurocognition (Buchy et al., 2009b; De Hert et al., 2009; Keshavan et al., 2004; 

Simon et al., 2009), whereas others suggest that these factors may not be mutually 

exclusive (Osatuke et al., 2008). As with social cognition, no studies have been done 

to determine whether clinical symptoms really have additional predictive value.  

Insight is a complex and multi-dimensional concept, and may be related to 

neuropsychological aspects as well as severity of psychopathology. Thereby, insight 

may be influenced by so called ‘trait’ and ‘state’ features of psychosis, in which 

neurocognition has traditionally been associated with the former, and positive 

symptoms with the latter, whereas the influence of social cognition is not 

unequivocal (de Gracia Dominguez et al., 2009; Koelkebeck et al., ; Pousa et al., 2008; 

Sprong et al., 2007). The phase of illness could be differentially related to various 

insight related factors. Tranulis et al. studied insight in patients in recent onset 

psychosis and found that self-report and interview based insight scales were not 

correlated with one another in this population, which was attributed to the nature of 

their relatively unstable and evolving period (Tranulis et al., 2008b).  

The current study was part of the large-scale Genetic Risk and OUtcome of 

Psychosis (GROUP) study (G.R.O.U.P., 2010). Data were obtained from a sample of 

relatively young patients, including those with recent onset psychosis. A 

neuropsychological assessment was administered in line with the cognitive 

dimensions used in Measurement and Treatment Research to Improve Cognition in 

Schizophrenia [MATRICS; (Nuechterlein et al., 2004)], including social cognition. 

Composite measures were created for insight, neurocognition, social cognition and 

clinical symptoms. The insight composite measure was based on an interview and a 

self-report questionnaire. It was expected that insight would be better explained by a 

model that included neurocognition as well as social cognition, as compared to a 

model that only encompassed neurocognition (Birchwood et al., 1994; Osatuke et al., 

2008). Similarly, clinical symptoms, social cognition, and neurocognition were 

expected to predict insight better, particularly when as compared to a model that 

included social cognition and neurocognition only. 

 

Materials and Methods 

Subjects 

270 Patients with psychotic disorders were included in this study. This was a 

subsample of the patient population participating in the GROUP project. Two out of 



 Insight in psychosis 

 123

four centers participated in the insight project (Amsterdam and Utrecht). The 

GROUP project is a large-scale multicenter study that investigates the vulnerability 

and protective factors for i) the development of a psychotic disorder, and ii) the 

variation in the course of illness. Diagnoses were confirmed using the 

Comprehensive Assessment of Symptoms and History (Andreasen et al., 1992). The 

procedure of recruitment, criteria of inclusion and exclusion, informed consent, 

assessment instruments, approval by the accredited Medical Ethics Review 

Committee (METC), and population characteristics have been described in a 

previous report on the GROUP-study (2010). 

 Eligible patients had to fulfill the following criteria: (1) age: between 18 and 

50 (extremes included), (2) meeting Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition (DSM-IV) criteria for a non-affective psychotic disorder 

(schizophrenia, schizophreniform disorder, schizoaffective disorder, delusional 

disorder, psychotic disorder NOS) (3) fluent in Dutch, (4) able and willing to give 

written informed consent, and (5) the willingness of at least one family member to 

participate in the project. 

Table 1 shows the demographic and clinical data for the patient group. 

Educational degree was adapted from Verhage (1964). Global Assessment of 

Functioning (GAF) scores, adapted from the DSM-IV, were obtained to measure 

global symptoms and disability (American Psychiatric Association, 1994). Level of 

intelligence was estimated with the WAIS III short form (Blyler et al., 2000; Stinissen 

et al., 1970). Recent onset psychosis (ROP) was defined as follows: one psychotic 

episode in the year prior to the assessment. The other patients had an illness duration 

of longer than one year, or had experienced multiple psychotic episodes and were 

therefore characterized as having ‘multiple episode or chronic psychosis’ (MECP). 

 

Assessment of Insight 

Insight was assessed by means of a semi-structured interview, the Positive And 

Negative Syndrome Scale [PANSS) (Kay et al., 1987)], as well as a self-report scale, 

the Birchwood Insight Scale [BIS; (Birchwood et al., 1994)]. The PANSS provides a 

single item on insight (G12), based on the patient’s ability to describe and 

acknowledge symptoms and their psychiatric disorder, the ability to recognize the 

necessity of treatment, and the ability to describe future plans. Researchers were not 

always blind to the other outcome measures (e.g. cognitive task performance): it has 

been suggested that this did not influence their knowledge of the patients’ cognitive 

functioning while judging insight. The BIS is a short questionnaire that consists of 

eight questions addressing the three components of insight (Need for Treatment, 

Awareness of Illness and Relabeling of Symptoms). Each of these components is 

rated on a scale of zero to four: a higher score implies better insight. A composite 

measure was created, based on both the patients’ z-score on the BIS and PANSS, with 

the latter being negatively recoded. Higher scores on the composite measure 
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indicated better insight. The procedure for translation of all raw scores into z-scores 

is described under paragraph 2.6 (statistical analysis).  

 

Neurocognition 

All patients were assessed with a neurocognitive task battery containing the 

following 6 tasks (intended neurocognitive domains of focus are placed between 

brackets): WAIS Digit Symbol Coding (processing speed), CPT-HQ 

(attention/vigilance) (Stinissen et al., 1970), Word Learning Task (verbal learning and 

memory) (Brand & Jolles, 1985), WAIS Arithmetic (working memory), WAIS Block 

 

 

 

 

Table 1. Demographical and clinical data of all patients (N=270) 

Variable Mean SD 

Demographics   

Age (years) 27.7 6.5 

Gender (N), male / female 222 / 48 -- 

Educational degree (score), Verhage  4.2 2.1 

Ethnicity (N), Dutch / other / unknown 209 / 52 / 9 -- 

WAIS-III estimated IQ (short form)31 95.1 16.1 

Duration of illness (years) 4.7 4.6 

Psychotic episodes (number) 1.7 1.1 

Age of Onset Psychosis (years) 22.5 6.2 

Diagnostic (N)  

Schizophrenia, paranoid type 

Schizo-affective disorder 

Psychotic Disorder NOS 

Schizophrenia, undifferentiated 

Schizophrenia, disorganized 

Other 

 

143 

39 

25 

16 

13 

21 

 

-- 

-- 

-- 

-- 

-- 

-- 

Phase of illness (N) 

Recent Onset Psychosis 

Chronic or Multi Episode Psychosis 

Unknown 

 

57 

210 

3 

 

-- 

-- 

-- 

Hospitalizations (Number) 2.2 2.1 

Global Assessment of Functioning 

Symptoms 

Disability 

 

53.5 

51.7 

 

15.6 

15.1 

PANSS (score)  

Positive 

Negative 

General 

 

1.9 

2.2 

1.8 

 

0.8 

0.9 

0.5 

Insight (score) 

Interview Based (G12) 

Self Report (IS) 

 

2.3 

8.8 

 

1.4 

2.8 
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Design (reasoning and problem solving), Response Set Shifting (set-shifting), WAIS 

Information (verbal comprehension) (Blyler et al., 2000), and educational degree 

(Verhage, 1964). Z-scores were calculated for each domain, with d` indicating a final 

score for attention/vigilance (Davies & Parasuraman, 1982). For verbal learning & 

memory, the final z-score was based on the mean value of two distinct z-scores: 

immediate recall and delayed recall. For set-shifting, the z-score was based on the 

decrement in accuracy performance from an imitation response condition to reversal 

response, using the RST, a modified version of the Competing Programs Task (Bilder 

et al., 1992). Due to its high correlations with neurocognition, a z-score for 

educational degree was also created (Le Carret et al., 2003). A final composite 

measure of neurocognition was based on the mean of the z-scores from the 7 

outcome variables, while allowing for 4 missing values.  

 

Social Cognition 

In addition to the neurocognitive battery, patients were assessed with two social 

cognitive tasks, concerning emotion perception and theory of mind. The degraded 

facial affect recognition task (DFAR) was used as a measure of emotion perception 

(van't Wout et al., 2004). Sixty-four trials were presented, consisting of 16 face 

presentations in each of four conditions: angry, happy, fearful and neutral. Patients 

were asked to label each expression with the appropriate emotion. Theory of mind 

(or mentalizing) was assessed using the Hinting Task (Corcoran et al., 1995). This 

task tests the ability of subjects to infer the real intentions behind indirect speech 

utterances. The task comprises 10 short passages presenting an interaction between 

two characters. All passages end with one of the characters dropping a hint. For 

instance: following a long and exhausting journey, Peter enters the Ann’s office. Ann 

immediately starts to update him on a number of business developments. Peter 

interrupts Ann by saying “Gosh, that really was a long, exhausting journey”. The 

participant is asked to describe what he thinks Peter is implying with this comment. 

A composite measure for social cognition was based on the z-score on both tasks, 

allowing for 1 missing value.  

 

Clinical Symptoms 

In the GROUP-project, current symptom severity was measured with the PANSS, 

which consists of 30 items. Each item is scored on a scale ranging from 1 (absent) to 7 

(extreme), with item rating incorporating the behavioral effect of symptoms as well 

as their severity. Originally, three domains or factors were described for the PANSS. 

Later, a 5-factor structure was developed (Lançon et al., 2000). A more universally 

used method is that of remission, for which a number of items (measuring either 

positive, negative or disorganization symptoms) on the PANSS have been selected 

that also appear in other symptom rating scales. For remission, a score of 3 or lower 

for a period of 6 months on the following items is required (PANSS items are placed 

between brackets): delusions (P1), unusual thought content (G9), hallucinatory 
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behaviour (P3), conceptual disorganization (P2), mannerisms/posturing (G5), blunted 

affect (N1), social withdrawal (N4) and lack of spontaneity (N6) (Andreasen et al., 

2005). Since the current study did not emphasize symptom dimensions but rather the 

concept of clinical symptoms in relation to insight, we decided to calculate the mean 

(cross-sectional) score of the z-transformed remission items, allowing for 3 missing 

values.  

 

Statistical analysis  

Subject scores exceeding 2 standard deviations (S.D.) from the mean patient group 

score were replaced by the recalculated mean group score ± 2 S.D. All variables 

measuring insight (PANSS G12 and BIS), neurocognition, social cognition and 

clinical symptoms (see paragraph 2.2 to 2.5) were checked for normal distribution of 

residuals from regression analysis (Field, 2005) and transformed into z-scores using 

the mean and S.D. of the patient group. Otherwise, test scores were transformed to 

approximate normality by logarithmic, square root or reciprocal transformations. 

Higher scores on the neurocognitive and social cognitive domains indicated better 

performance, whereas higher scores on the clinical symptom dimension indicated 

more severe symptomatology. Missing values were replaced by the average z-score, 

which is zero (BIS and PANSS-G12: both 11 cases; neurocognition and social 

cognition: both 6 cases; clinical symptoms: 11 cases).  

First, bivariate correlation analyses were performed to separately investigate 

relations between insight and neurocognition, social cognition and clinical 

symptoms. Second, we investigated the additional explained variance using multiple 

regression analysis. Neurocognition, social cognition and clinical symptoms were 

entered block-wise. This enabled us to investigate the explained variance of each 

factor in one model, as well as the additional explained variance of social cognition 

as well as the additional explained variance of clinical symptoms. Age, gender and 

phase of illness (recent onset / multiple episode or chronic psychosis) were entered as 

co-variates into the first block. 

Next, we investigated the moderating role of phase of illness. This was done 

by repeating the first regression analyses, but with the addition of three interaction 

terms: neurocognition x recent onset yes/no, social cognition x recent onset yes/no, 

and clinical variables x recent onset yes/no.  

Finally, two separate regression analyses were performed for ROP and MECP 

with only those predictors that showed a significant interaction with recent onset 

yes/no in the previous regression analysis. All analyses were performed with one-

tailed hypothesis testing with α = 0.05. Statistical analyses were performed using 

SPSS 16.0. For descriptive purposes, correlations between all variables are displayed 

in table S1 as supplementary material. 
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Results 

Self-reported insight and interview based insight 

Self-reported insight was significantly correlated with interview based insight 

(r=.406, p<.001). Score on the PANSS and BIS correlated significantly with the 

composite measure of insight (r= -.837, p<.001; r=.846,p<.001, respectively), as with the 

BIS subscales Relabeling of symptoms (r=.615, p<.001), Awareness of Illness (r=.672, 

p<.001) and Need for Treatment (r=.682, p<.001). On the raw PANSS G12 scores, 

43.1% of the patients (n=132) had no impairment of insight, 17.0% had ‘minimal’ 

impairment, 15.7% had mild impairment (n=48), 11.8% had moderate impairment 

(n=35), 5.1% had moderately severe impairment (n=15), 4.1% had severe impairment 

(n=12), and 0.7% had extreme impairment (n=2). On the raw BIS scores, 50.7% had a 

score in the ‘no-mild impairment’ range (9.1-12; n=103), 30.3% had a score in the 

‘mild-moderate impairment’ range (6.1-9; n=93), 14.1% had a score in the ‘moderate-

severe impairment’ range (3.1-6; n=43), and 4.9% had a score in the ‘severe-extreme 

impairment’ range (0-3; n=15).  

 

Relationships with insight 

Bivariate correlation analyses revealed that all independent factors significantly 

correlated with insight (neurocognition: r = .249; p < .001; social cognition: r = .248, p < 

.001; clinical symptoms: r = -.290, p < .001). In addition, neurocognition was 

significantly correlated with social cognition (r = .454, p<.001), and both 

neurocognition and social cognition were inversely correlated with clinical 

symptoms (r = -.341, p <.001; r = -.228, p <.001). Results of the multiple regression 

analysis are displayed in Table 2. Neurocognition significantly predicted insight 

scores. Social cognition, as an additional predictor variable, significantly increased 

the explained variance (R2
change = .020; pchange = .018). The contribution of both 

neurocognition and social cognition were significant. Finally, clinical symptoms 

showed a significant additional increase in the explained variance. More specifically, 

clinical symptoms explained insight significantly, while the explained variance of 

neurocognition was non-significant.  

The next step was to determine whether the phase of illness moderated the 

effect of the independent factors on insight. When scores of the groups Recent Onset 

Psychosis (ROP) and Multiple Episode or Chronic Psychosis (MECP) were 

compared, these did not differ with respect to insight (p = .228), neurocognition (p = 

.308), social cognition (p = .655), nor clinical symptoms (p = .105). However, when the 

interaction term neurocognition was added to a regression model containing 

neurocognition and the covariates (age, gender and phase of illness), the interaction 

term was significant (β = .549, p =.037). The same moderating effect of phase of illness 

was found in regression analyses that included social cognition. (β = .483, p =.052) 

and clinical symptoms (β = -.582, p =.025). These results indicated that separate 

analyses for ROP and MECP groups were justified.  
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Therefore, final regression analyses were performed separately for ROP 

patients and MECP patients. In ROP patients, neither neurocognition nor the 

additional effect of social cognition (R2
change < .002; pchange = .763) showed a significant 

effect. In addition, when clinical symptoms were also investigated, the explained 

variance was again non-significant. In MECP patients it was demonstrated that 

neurocognition did significantly explain insight. When social cognition was added to 

the equation, the explained variance increased significantly (R2
change = .033; pchange = 

.005). Both neurocognition and social cognition significantly explained insight in 

MECP patients. With the addition of the variable clinical symptoms to the above 

mentioned equation, the explained variance increased once again significantly. 

Clinical symptoms explained insight significantly, as did neurocognition and social 

cognition. In total, the predictors explained insight for 20 %. 

 

 

 

Discussion 

The current study investigated the relation of insight in psychosis with 

neurocognition, social cognition and clinical symptoms. Results can be summarized 

as follows: when investigated separately, neurocognition, social cognition and 

Table 2. Relationships with insight composite measure for patients overall, patients with recent 

onset psychosis (ROP) and patients with multiple episode psychosis (MECP) 

Patient group 

/ model 
df βNeurocogn. 

βSocial 

Cogn. 

βClinical 

Sympt. 
p F R R2 pchange Fchange R2change 

Overall            

Neurocognition 4,262 .250** - - <.001 5.540 .279 .078 - - - 

  + Social 

Cognition 
5,261 .177** .159* - <.001 5.642 .312 .098 .018 5.655 .020 

      + Clinical 

symptoms 
6,260 .108 .140* -.225** <.001 7.110 .375 .141 <.001 13.141 .043 

            

ROP Patients             

Neurocognition 3,53 .011 - - .942 .129 .085 .007 - - - 

  + Social 

Cognition 
4,52 -.019 .051 - .975 .118 .095 .009 .763 .092 .002 

      + Clinical 

symptoms 
5,51 -.038 .057 -.059 .986 .127 .111 .012 .684 .168 .003 

            

MECP Patients             

Neurocognition 3,206 .315** - - <.001 8.621 .334 .112 - - - 

  + Social 

Cognition 
4,205 .229** .203** - <.001 8.671 .380 .145 .005 7.950 .033 

      + Clinical 

symptoms 
5,204 .148* .169* -.258** <.001 10.216 .447 .200 <.001 14.165 .056 

*correlation significant at the .05 level;  

**correlation significant at the .01 level; β = Standardized Beta Coefficient, pchange, Fchange and Rchange 

refer to the statistical significance of the model as compared to its preceding model. Included covariates are 

gender, age and phase of illness. 
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symptom dimensions were all associated with insight. Phase of illness was found to 

moderate the relation between insight and the studied predictors. In patients with 

multiple episode or chronic psychosis (MECP), both social cognition and clinical 

symptoms had additional effects and explained insight, along with neurocognition. 

In patients with recent onset psychosis (ROP) patients, none of the factors were 

found to be associated with insight. 

To our best knowledge, this is the first study that has investigated the unique 

contribution of neurocognition, social cognition and clinical symptoms in relation to 

insight in psychosis. To demonstrate this, not only the predictive value of each factor 

within one model was investigated, but also the additional predictive value of the 

factor. In addition, most of the studies to date have focused on sub functions of 

neurocognition (e.g. working memory) or social cognition (e.g. mentalizing) in 

relation to insight. The current study used composite measures for each factor. This 

implies that multiple tests have been used to measure the construct, which may 

represent a more reliable estimate. Furthermore, the analysis is more parsimonious 

as there is no large number of measures that compromises degrees of freedom. 

Although this approach may lead to a certain loss of the fine-grained interpretation 

of cognitive sub functions indexed by individual tests, the results show that each of 

the cognitive outcome variables are related to insight, when analyses were restricted 

to the MECP population (see table S1). In fact, the association of neurocognition with 

insight within this group (r = .312, p <.001) is even higher as compared to the results 

of a meta-analysis of the previously published literature (Aleman et al., 2006), in 

which mean weighted effect sizes were reported ranging from r = 0.14 to 0.28. 

Social cognition, highly correlating with neurocognition, explained additional 

variance on insight. Social cognition has only been investigated in a few studies in 

relationship to awareness of illness in psychoses (Bora et al., 2007; Lysaker et al., 

2005b; Lysaker et al., 2008c). Our results support previous findings of a significant 

association. For example, Lysaker et al. (2008c) found that schizophrenia patients 

with “superficial” insight not only had poorer executive function but also poorer 

emotion recognition ability, and capacity for social relationships than a patient group 

with “full awareness”. With regard to mentalizing, Langdon and Ward reported an 

association between deficient Theory of Mind performance (measured with tasks of 

picture sequencing and joke appreciation) and poor insight (Langdon & Ward, 2009). 

Our findings go beyond such previous studies, because we show that the concept of 

social cognition explains additional variance, when added to a regression model that 

already contains a wide range of neurocognitive variables. Similar results have been 

found in studies that investigated the predictive value of these concepts on distinct 

functional outcomes, such as social behavior (Brüne, 2005), vocational outcome (Bell 

et al., 2009), and interpersonal skills (Pinkham & Penn, 2006). The finding that social 

cognition uniquely contributes to insight is supported by theories that imply a role 

for deficient mentalizing in reduced insight in one’s illness (David, 1999; Langdon & 

Ward, 2009; Lysaker et al., 2005b). That there is a general difficulty in adopting other 

mental perspectives, i.e., with "seeing the world as others do", may contribute to 
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deficient awareness of illness over and above general cognitive problems and next to 

clinical symptoms. A limitation of the current study was that a third described social 

cognitive domain, namely attributional style, was not included. In addition, it is 

possible that the additional explained variance of social cognition represents a 

general capacity to think about thinking, rather than a specific ability to infer other 

people’s mental state. This general capacity has been referred to as ‘metacognition’, 

which also includes the knowledge of one’s own mental state (Lysaker et al., 2010b; 

Semerari et al., 2003). Indeed, a study on metacognitive decisions in a test of mental 

flexibility (the Wisconsin Card Sorting Test), found this to be significantly correlated 

with insight in psychosis (Koren et al., 2004). 

In ROP-patients, neither neurocognition nor social cognition and clinical 

symptoms were significantly related to insight, although their mean scores were not 

dissimilar from those with MECP. This is in contrast with a study by Keshavan et al., 

which did find a linear trend of a composite measure of neurocognition with PANSS 

G12 score in ROP patients (Keshavan et al., 2004). An explanation for this 

discrepancy may be that the correlation between the measures of insight was modest 

in the current population ( r = -.257, p = .032). Tranulis et al. (2008b) have suggested 

that, in patients with recent-onset psychosis, specific factors may contribute to the 

measurement of insight. Particularly, recent-onset patients find themselves in a 

relatively unstable and evolving period. They may be aware of their distress but not 

yet attribute it to a mental disorder. In addition, different perspectives between the 

patient who has recently become ill and the interviewer may be responsible for 

discrepant findings. A recent study by Parellada et al. (2009) investigated insight in 

patients with ROP longitudinally using interview based measures. The authors 

suggested that, during the acute phase, severity of clinical symptoms may overrule 

the relationship of ‘trait’ related features with insight, which in turn becomes more 

apparent after symptom stabilization. Viewing the supplementary table, it cannot be 

ruled out that clinical symptoms are related to insight in ROP. Thereby, the current 

study results are partly in agreement with those of Parelleda et al. (2009). Future 

GROUP-studies should be able to confirm this using longitudinal data of the ROP 

patients. 

 In line with previous findings, the current study showed medium 

relationships between the insight measures, and a relation of its composite score with 

important outcome variables such as GAF-scores and number of hospitalizations 

(Lincoln et al., 2007). Scores on the PANSS and BIS reflected good insight in 43% of 

our sample. Although one influential study showed that poor insight affected up to 

81% of patients with schizophrenia (Wilson et al., 1986), the numbers in the present 

study are consistent with comparable studies that were published over the last 

decades (Birchwood et al., 1994; Jensen et al., 2004; Karow et al., 2008). Indeed, one of 

the largest studies to date, that included a comprehensive assessment of 412 patients 

found that 41% of schizophrenia patients were aware that they suffered from a 

mental disorder (Amador et al., 1994). Treatment factors, such as the widespread use 

of psycho-education in the Netherlands, might contribute to the relatively high 
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number of unimpaired patients in our sample. Alternatively, our brief measures of 

insight might have overseen some insight problems. The use of more comprehensive 

interview-based measures such as the Schedule of Assessment of Insight-Expanded 

version [SAI-E; (Kemp & David, 1996)] and the Scale to Assess Unawareness of 

Mental Disorder [SUMD; (Amador et al., 1993)] could yield a higher sensitivity in 

that regard. Utilization of such scales may also allow for a deeper and more 

comprehensive exploration of the several domains of insight described in the 

Introduction. In addition, it has recently been suggested that insight should not only 

be studied as a belief that leads to treatment adherence, or the possession of specific 

knowledge, but also as a facet of a larger understanding of an individual life, also 

referred to as an inextricable part of a personal narrative (Lysaker et al., 2002; 

Lysaker et al., 2008c). Another drawback of the current study was the use of the 

PANSS for both the independent measure (clinical symptoms) and the dependent 

measure (insight, in part). This may well explain the decrease in explained variance 

of neurocognition and social cognition, when the contribution clinical symptoms was 

taken into account as well. Finally, correlation does not imply causation. Whereas 

neurocognitive and social cognitive abilities may partly underlie the patients’ level of 

insight, the direction of the effect is less straightforward for clinical symptoms, such 

as delusions and hallucinations. For instance, a deluded person without insight in 

his/her psychotic beliefs may receive higher positive symptom ratings as compared 

to a similar person with insight. Thus, it may not be that stronger symptoms cause 

poor insight but that poor insight results in higher symptom ratings.  

In conclusion, the results of the current study indicate that insight in psychosis 

is associated with multiple factors, and that a distinction between patients in 

different phases of their illness may lead to a better understanding of this concept. 

Lack of insight in MECP patients may not only require traditional cognitive aspects 

(e.g. learning, attending, information processing, remembering), but also successful 

perception and interpretation of social-emotional information. In this, the former 

may be necessary to understand the world around us as an individual, whereas the 

latter may be more important to understand others and oneself; it should be noted 

that the border between these concepts is, in reality, more diffuse. In addition to 

neurocognition and social cognition, a certain presence of behaviour and emotion, 

and absence of deviant perceptions (clinical symptoms), may be requirements for full 

insight. It should be noted that the nature of insight is paradoxical. Patients with full 

insight have been found to experience more depressive symptoms and hopelessness 

(Buchy et al., 2010), and the stigma associated with having a schizophrenia diagnosis 

has been suggested to be a moderating factor (Staring et al., 2009). However, 

increasing insight through treatment does not lead to lasting increases in depression. 

Indeed, improved insight has been shown to be associated with decreased suicidality 

(Bourgeois et al., 2004). Indeed, interventions with positive effects on 

neuropsychological aspects, clinical symptoms as well as well-being and functional 

outcome (Roder et al., 2006) may hypothetically increase insight as a by-product, 

while preventing the occurrence of negative effects on depressive symptoms (Buchy 
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et al., 2010). Such interventions should also address stigma-sensitivity, and may 

benefit from using a broader concept of insight, that incorporates the personal 

narrative. How to increase insight in ROP needs further investigation. 
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Supplementary Material 

Table S1. Pearson Correlations (p-value, 1 tailed) of z-scores of neurocognition, social cognition, clinical 

symptoms and other variables with insight. 

 Insight variable 
 Birchwood  Insight 

Scale 

PANSS Item G12 Composite Insight score 

Variable ROP MECP Overall ROP MECP Overall ROP MECP Overall 

Neurocognition 

  WAIS Information 

  WAIS Arithmetic 

  WAIS Block Design 

  WAIS Symbol Coding 

  WLT Immediate Recall 

  WLT Delayed Recall 

  CPT-HQ % hits 

  CPT-HQ % false positives 

  Response Set Shifting 

  Educational degree 

-.076 

-.021 

.024 

-.027 

-.181 

-.006 

-.034 

-.101 

.094 

.112 

-.019 

.280** 

.182** 

.132* 

.194** 

.157* 

.044 

.053 

.227** 

-.174** 

.110 

.221** 

.204** 

.142* 

.114* 

.148** 

.083 

.035 

.044 

.157** 

-.115* 

.107* 

.167** 

.089 

-.017 

.094 

.047 

.148 

.085 

.177 

.036 

-.058 

-.098 

.125 

.264** 

.185** 

.149* 

.155* 

.238** 

.187** 

.170** 

.133* 

-.095 

.134** 

.265** 

.223** 

.141* 

.137* 

.131* 

.217** 

.165** 

.172** 

.112* 

-.084 

.088 

.233** 

.015 

.009 

.088 

.019 

-.027 

.050 

.076 

-.032 

.010 

-.008 

.060 

.312** 

.206** 

.159* 

.193** 

.227** 

.133* 

.134* 

.214** 

-.166** 

.148* 

.272** 

.249** 

.167** 

.148* 

.155** 

.171** 

.117* 

.130* 

.162** 

-.128* 

.117* 

.223** 

          
Social Cognition 

  Emotion Perception 

  Hinting Task 

.070 

.028 

.066 

.290** 

.184** 

.279** 

.235** 

.133* 

.235** 

.021 

-.047 

.088 

.244** 

.214** 

.192** 

.189** 

.149* 

.167** 

.049 

-.024 

.099 

.307** 

.227** 

.277** 

.248** 

.160** 

.242** 

          
Clinical Symptoms (PANSS) 

  Delusions (P1) 

  Conceptual Disorganization 

(P2) 

  Hallucinatory Behavior (P3) 

  Blunted Affect (N1) 

  Social Withdrawal (N4) 

  Lack of Spontaneity (N6) 

  Mannerisms/posturing (G5) 

  Unusual Thought Content (G9) 

.122 

-.007 

.063 

.071 

.154 

.131 

.058 

.171 

-.048 

-.215** 

-.185** 

-.226** 

-.021 

-.060 

-.137* 

-.061 

-.136* 

-.186** 

-.134* 

-.137* 

-.154** 

.009 

-.022 

-.078 

-.046 

-.076 

-.139* 

-.215 

-.312* 

-.202 

.021 

.034 

-.231* 

-.262* 

.041 

-.176 

-.409** 

-.360** 

-.380** 

-.130* 

-.188** 

-.190** 

-.195** 

-.176** 

-.293** 

-.363** 

-.347** 

-.340** 

-.099 

-.134* 

-.199** 

-.208** 

-.125* 

-.264** 

-.048 

-.211 

-.073 

.060 

.132 

-.054 

-.129 

.141 

-.124 

-.367** 

-.328** 

-.353** 

-.099 

-.144* 

-.193** 

-.146* 

-.196** 

-.291** 

-.290** 

-.296** 

-.287** 

-.060 

-.089 

-.161** 

-.147** 

-.127* 

-.242** 

          
Other Variables 

  Gender 

  Age 

  Age of illness onset 

  Hospitalizations 

  GAF-S 

  GAF-D 

 

-.015 

.097 

.096 

-.182 

-.125 

-.170 

 

-.068 

.049 

-.003 

-.195** 

.115 

.092 

 

-.052 

.076 

.005 

-.152** 

.077 

.055 

 

-.146 

-.027 

-.027 

-.192 

.297* 

.439** 

 

-.155* 

-.003 

.058 

-.234** 

.309** 

.336** 

 

-.152** 

-.008 

.036 

-.213** 

.305** 

.353** 

 

-.073 

.056 

.054 

-.247* 

.141 

.176 

 

-.108* 

.029 

.041 

-.247** 

.261** 

.254** 

 

-.099 

.049 

.031 

-.211** 

.245** 

.248** 
 

*
 significant at the < .05 level; 

**
 significant at the < .01 level; ROP = Recent Onset Psychosis; MECP = Multiple 

Episode or Chronic Psychosis; WAIS = Wechsler Adult Intelligence Scale; WLT = Word Learning Task; CPT-HQ 

= Continuous Performance Test HQ; PANSS = Positive And Negative Syndrome Scale; GAF = Global Assessment 

of Functioning (S = symptoms, D = disability). Higher scores on the insight variables indicate better insight. 
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Abstract 

Objectives To investigate the multifactorial relationship between illness insight, 

cognitive and emotional processes and illness characteristics in bipolar patients. 

 

Methods Data from 85 euthymic or mildly to moderately depressed bipolar patients 

were evaluated. Insight was measured using the Mood Disorder Insight Scale (total 

score and subscale scores: awareness of illness, symptom attribution, need for 

treatment). Cognitive and emotional functioning was measured in four domains 

(processing speed, memory, executive functioning and emotional learning) in 

addition to premorbid IQ. Illness characteristics were assessed using the Mini 

International Neuropsychiatric Interview, the Questionnaire for Bipolar Disorder and 

the Inventory of Depressive Symptomatology-self rating. Regression analyses were 

performed for the whole sample. Post-hoc, interactions with lifetime psychotic 

features (LPF) were statistically tested and if significant, analyses were repeated for 

patients with (n=36) and without (n=49) LPF separately.  

 

Results In the whole group, better insight was associated with lower processing 

speed, better memory performance, increased emotional learning, higher level of 

depressive symptoms and longer duration of illness. Patients with LPF had worse 

awareness of illness, but better symptom attribution than patients without LPF. No 

group differences for need for treatment and overall insight were found. Finally, 

processing speed significantly predicted subscores for symptom attribution in 

patients with LPF only.  

 

Conclusions Cognitive functioning as well as impairments in emotional learning and 

psychotic features independently contribute to impaired insight in bipolar disorder. 

Processing speed seems to be a key variable in the prediction of insight in patients 

with LPF and not in patients without LPF.  
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Introduction  

A substantial proportion of patients with bipolar disorder has poor insight of illness, 

i.e. they have difficulty recognizing that they suffer from a psychiatric disorder for 

which they may need medication or other forms of treatment. The concept of insight 

in psychiatric populations is clinically relevant, since impaired insight has been 

associated with poorer global functioning (Stefanopoulou et al., 2009a), severity of 

psychopathology (Mintz et al., 2003), poorer functional outcome (Schwartz, 1998) 

and reduced treatment compliance (Kemp & David, 1996; Yen et al., 2005). While it is 

widely agreed that poor insight is important in the treatment of bipolar disorder, 

there is a paucity of research regarding insight in bipolar disorder. Dias et al. (2008) 

found that insight was impaired in 60% of remitted bipolar patients. Varga et al. 

(2007) compared insight in patients suffering from bipolar disorder and 

schizophrenia and found that overall insight in both groups was about the same, 

with slightly better symptom awareness among bipolar patients. Insight was found 

to be mood state dependent (Mathew et al., 2009; Varga et al., 2006). However, when 

mood symptoms have resolved, insight appeared to remain impaired to some extent 

(Amador et al., 1993; David et al., 1992; Varga et al., 2006).  

Poor illness insight is also a widely recognized problem in psychotic patients. 

It was even described by Kraepelin as a core feature of psychosis (Kraepelin, 1919). In 

this study insight is viewed as a neuropsychological impairment (Cooke et al., 2005). 

Even though insight can also be viewed as a personal narrative (Roe & Kravetz, 

2003), such a qualitative interpretation is highly subjective and does not lend itself 

very well for experimental manipulation. Therefore, the approach of the current 

study was to define insight as a multidimensional construct along the dimensions of 

David (1990). In psychotic patients he distinguished three dimensions of insight: (I) 

awareness of having an illness; (II) recognizing psychotic symptoms as abnormal; 

and (III) acceptance of prescribed treatment. These dimensions were also used in the 

current study. Various studies have looked at factors determining illness insight in 

schizophrenia (Aleman et al., 2006; Mintz et al., 2003). One line of research is the 

relationship between insight and neurocognition. A small but significant relationship 

between insight and set-shifting (r=0.25), IQ (r=0.14) and executive functioning 

(r=0.19) was found (Aleman et al., 2006). Other studies also reported associations 

between insight and executive functioning and planning (Orfei et al., 2010; Yen et al., 

2009) and insight and working memory performance (Orfei et al., 2010). However, 

the associations between insight and executive functioning have not always been 

replicated (Arduini et al., 2003; Drake & Lewis, 2003; Koren et al., 2004). In addition 

social cognitive factors have been investigated in relation to illness insight in 

schizophrenia (Quee et al., 2010). Bora et al. (2005) found a significant relationship 

between Theory of Mind (ToM) and illness insight, which was most prominent for 

second order false belief conditions or the ability to look at yourself through the eyes 

of another person. This relationship was confirmed by Lysaker et al. (2007a), 

suggesting that patients with poor illness insight may have problems in the exchange 
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of social information and using social cues in the interpretation of behaviour. Finally, 

the association between symptom severity and illness insight has been studied in 

schizophrenia (Mintz et al., 2003; Wiffen et al., 2010). Regarding psychotic symptoms, 

this relationship is only slightly stronger than the relationship between insight and 

neurocognitive measures [r=0.25; (Mintz et al., 2003)]. In contrast, several studies 

found an inverse relationship between illness insight and depressive symptoms, i.e. 

patients with better insight show more signs of depression than patients with worse 

insight (Buchy et al., 2009c; Dias et al., 2008; Gonzalez, 2008). 

Compared to schizophrenia, illness insight in bipolar disorder has been 

studied less intensively and the various studies had different results. Some studies 

demonstrated a clear relationship between neurocognitive performance and insight 

(Adida et al., 2008; Dias et al., 2008; Owen et al., 2009; Varga et al., 2006; Varga et al., 

2007; Varga et al., 2009; Yen et al., 2008), while others showed no relationship at all 

on similar measures (Arduini et al., 2003; Yen et al., 2002; Yen et al., 2009). With 

regard to social cognitive factors and insight in bipolar disorder, to our knowledge, 

no studies have been published to date. This is remarkable in view of the fact that 

impairments in social and emotional processing are present in bipolar patients. 

Patients with bipolar disorder show a decreased volume and increased functional 

activity of the amygdala (Kalmar et al., 2009) as well as increased activation in 

prefrontal and ventro-limbic areas (Wessa et al., 2007) upon emotional stimuli. In 

addition, bipolar patients demonstrate more problems recognizing facial expressions, 

in particular surprise (Summers et al., 2006), matching facial expressions (Bozikas et 

al., 2006), the regulation of emotions (Phillips et al., 2008) and do not benefit from an 

enhanced memory for emotional stimuli (Kauer-Sant'Anna et al., 2008). The 

perception of emotional stimuli and faces do not occur in isolation, but are always 

connected to a context. This is apparent from a study by Shur et al. (2008), who 

demonstrated that impaired mentalizing ability was related to impairment in the 

integration of emotional and non-emotional stimuli. Therefore, the paradigm that 

was selected for the purpose of this study was an emotional learning task, requiring 

the coupling of emotional and non-emotional stimuli, which reflects a more realistic 

process as is encountered in daily life.  

The aim of this study was to explore, for the first time, in a large bipolar 

patient group (n=85) the multifactorial relationship between illness insight on the one 

hand and neurocognition, emotional learning and clinical characteristics on the other 

hand. Most importantly, we investigated to what extent the combination of these 

domains could predict level of insight in bipolar patients. By investigating all 

domains in one model, the possible overlap in predictive value between the three 

predictor domains was taken into account. We expected that better neurocognitive 

performance and increased emotional learning would be related to better insight. 

Furthermore, we expected to find a relationship between clinical characteristics and 

level of insight. More specifically, we expected that better insight would be related to 

more depressive symptoms. Moreover, this study is unique by investigating the 

moderating effect of LPF in this complex relationship between cognition, emotional 
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learning and insight. Since insight is sometimes considered as a core feature in 

psychosis (Kraepelin, 1919), and since patients with LPF demonstrated worse 

cognitive impairment than patients without LPF (Bora et al., 2009b; Bora et al., 2010), 

we expected to find a poorer insight in patients with LPF. Therefore, the relationship 

between insight on the one hand and neurocognitive and emotional performance on 

the other hand was specifically investigated in patients with and without lifetime 

psychotic features (LPF). This study aims to contribute to the literature on insight in 

bipolar disorder. Its results can be of use for the development of neurocognitive 

training targeted at improving insight in patients with bipolar disorder. 

 

Materials and Methods 

Subjects  

A total of 85 bipolar patients (age 18-65 years) were included between October 2005 

and December 2008. Patients had to meet DSM-IV criteria for bipolar I or II disorder, 

confirmed by the Mini-International Neuropsychiatric Interview [MINI; (Sheehan, 

1998)]. Mild to moderate depressive symptoms were allowed, defined as a score of 

≤38 points (Rush et al., 2003; Trivedi et al., 2004) on the 30 item-Inventory of 

Depressive Symptomatology-self rating [IDS-SR; (Rush et al., 1996)]. Hypomanic or 

manic symptoms were not allowed, defined as >7 points on the Young Mania Rating 

Scale [YMRS; (Young et al., 1978)]. Other exclusion criteria were: mental retardation 

(IQ<70), a known systemic or neurological disease which could influence cognitive 

functioning or the need for current treatment for substance use disorders in a 

specialized setting. The study was approved by the Ethics Committee of the 

University Medical Centre Groningen and all participants gave written informed 

consent.  

 

Measurements of symptoms and insight 

All assessments and tests were uniformly administered by trained psychologists. 

Illness characteristics were provided by the clinician using the Questionnaire for 

Bipolar Disorder [QBP; an adaption of the Enrollment Questionnaire as previously 

used in the Stanley Foundation Bipolar Network; (Leverich et al., 2001; Suppes et al., 

2001)]. In case of mismatch of results from the MINI in relation to the QBP, diagnoses 

were checked with the treating clinician. Patients were considered to have current 

psychotic symptoms if one or more of the five relevant items of the Positive and 

Negative Symptoms Scale scored above 3 (light) [PANSS; (Kay et al., 1987): P1 

delusions, P2 conceptual disorganization, P3 hallucinations, P6 paranoia, A9 unusual 

thoughts] or in case the MINI indicated one or more positive current psychotic 

symptoms. The presence of lifetime psychotic features was defined as a positive 

score on either current psychotic features or on the history of psychotic features, 

derived from the QBP. 
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Illness insight was measured with the Mood Disorders Insight Scale [MDIS; 

(Sturman & Sproule, 2003)]. The MDIS was adapted from the Birchwood Insight 

Scale (Birchwood et al., 1994) for psychotic disorders (chronbachs α=0.75; test-retest 

reliability r=0.90), for the assessment of insight in mood disorders. The MDIS 

contains three subscales; recognition of symptomatology, attribution of symptoms 

and treatment compliance. The validity of the MDIS was based on clinician ratings 

(r=0.49) in nearly 75% of the patients (total n=101; clinician based validity n=69) and 

the reliability was high [test-retest reliability r=0.75. n=45); (Sturman & Sproule, 

2003)]. This implies that the MDIS is a relatively good and quick instrument to 

measure self-report insight in patients with mood disorders.  

Level of education was based on the Dutch educational system which 

differentiates six levels, ranging from 1 (primary school) up to 6 (PhD student or 

higher degree).  

 

Cognitive and emotional processing 

The cognitive test battery included three composite cognitive domains (consisting of 

six different tests, yielding 14 outcome variables) and an estimate of premorbid 

intelligence (IQ). First, the composite domain “processing speed” was derived from 

the mean value of domains of psychomotor speed and speed of information 

processing. The domain psychomotor speed was derived from the reaction time test 

of the Cambridge Neuropsychological Test Automated Battery (CANTAB) system 

(Robbins et al., 1994) with the corresponding variables reaction time (RTI) simple 

movement time (in milliseconds) and RTI five-choice movement time (in 

milliseconds). For the domain speed of information processing the Stroop Color and 

Word Test [SCWT; (Golden CJ, 1978)] and the reaction time test of the CANTAB 

system (Robbins et al., 1994) were used to formulate the variables Stroop time 1 (in 

seconds), Stroop time 2 (in seconds), RTI simple reaction time (in milliseconds) and 

RTI five-choice reaction time (in milliseconds). Second, the composite domain 

“memory” was derived from the mean value of domains of verbal and visual 

memory. The domain verbal memory was derived from the California Verbal 

Learning Test (Delis DC et al., 1987), making use of the variables CVLT-trial 1 to 5 

(verbal learning) and CVLT-number of words long term free recall. The Pattern 

Recognition Memory (PRM) test of the CANTAB system (Robbins et al., 1994) was 

used to create the domain visual memory by calculating the variables PRM-

immediate correct numbers and PRM-delayed correct numbers. Third, the composite 

domain “executive functioning” was derived from the mean value of domains of 

attentional switching and working memory. For the domain attentional switching the 

Continuous Performance Task, based on research of Smid and colleagues (2006) was 

chosen. After a one minute practice session, two five minutes task-blocks (either 

CPT-Q or CPT-HQ condition) were performed, in which 15% of the stimuli were 

target stimuli demanding a response. A reliable score of attentional switching was 

used as outcome variable, composed of the difference score of hits in CPT-Q version 
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minus hits in CPT-HQ version. For the domain working memory the Spatial 

Working Memory (SWM) test of the CANTAB system (Robbins et al., 1994) and the 

SCWT (Golden CJ, 1978) were chosen to calculate the number of SWM-between 

errors for 8-box problems, SWM Strategy (counting number of times the subject 

begins a new search with the same box; efficiency score), and interference score of the 

SCWT (seconds). Finally, the estimated level of premorbid IQ was included as a 

separate variable, measured by the National Adult Reading Test [NART; (Nelson, 

1982)]. Detailed descriptions of the pen-and-paper measures are provided by Lezak 

et al. (2004); Robbins et al. (1994) have discussed the CANTAB tests.  

Additionally, patients were asked to complete the Emotional Learning Task 

[ELT; (Exner et al., 2004)]. The ELT presents pairs of objects and faces over six 

learning and six recall trials. In the learning trial, six pairs of stimuli containing an 

object and a picture of an emotional expression [objects (broom, candle, table, belt, 

suitcase and book) and basic emotional facial expressions of the same woman (joy, 

surprise, fear, anger, sadness, disgust)] are successively presented on a computer 

screen for 30 seconds each. Subjects are instructed to memorize each pair. In the 

recall trial immediately following the learning trial, subjects have to select the 

matching emotional facial expression out of six possibilities to each object. Feedback 

is given after each response by either a positive or a negative drawing. In total, the 

experiment consisted of six sessions, each containing six learning and six recall trials. 

In each trial, pairs are presented at random. The domain “emotional learning” was 

created by calculating the mean of the used outcome variables ELT reaction time 

(ELT-RT; seconds) and accuracy (ELT-ACC; percentage correct). The total duration of 

the cognitive task battery was approximately 2.5 hours, allowing one break if 

necessary. 

 
Statistical Analyses 

All variables in the cognitive and emotional domains were checked for normal 

distribution and transformed into z-scores using the mean and standard deviations 

of the patient group. When the distribution was not normal test scores were 

transformed to approximate normality by logarithmic or quadratic transformations. 

Higher scores indicated poorer performance, with the exception of the insight 

measure in which higher scores indicate better insight. To make the interpretation of 

the results more straightforward and meaningful, individual domain scores were 

created for processing speed, memory, executive functioning and emotional learning 

by calculating the mean value of the individual tests (see Table 2). A composite 

cognitive domain score was derived from averaging the scores of the corresponding 

individual tests. By creating only a few domains, instead of including multiple 

variables, analyses become more sensitive due to reduction of noise within the 

concept and the risk of false positive results caused by multiple comparisons is 

reduced. Correlations of individual variables with the composite domains lead us to 

conclude that these variables measure the same construct [composite domain 
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processing speed r=0.532 (p<0.0001) to r=0.834 (p<0.0001); composite domain memory 

r=0.509 (p<0.0001) to r=0.809 (p<0.0001); composite domain executive functioning 

r=0.373 (p<0.0001) to r=0.511 (p<0.0001); composite domain emotional learning 

r=0.287 (p<0.0008)]. 

The Mann Whitney U test was used to assess differences between patients 

with and without LPF with regard to MDIS total score and subscales. To investigate 

the predictive value of cognitive, emotional and clinical characteristics for insight, 

multiple regression analyses were performed, using insight subscale scores and the 

total insight scores as outcome variables. A first multiple regression analysis 

included the four composite domains (processing speed, memory, executive 

functioning and emotional learning), IQ and the standardized scores of illness 

characteristics duration of illness (years), LPF and level of severity of depressive 

symptoms (sum score of IDS-SR).  

 

 

 

Table 1.  Demographic and clinical characteristics for bipolar patients  

 
 

All patients 

(N = 85) 

Patients + LPF 

(N = 36) 

Patients - LPF 

(N = 49) 

  Mean SD Mean SD Mean SD 

 Age (years)  45.5 0.8 42.8 11.2 47.5 10.2 

 Premorbid IQ  106.4 8.5 104.2 8.6 108.0 8.1 

 Education level (range 1-6) 3.5 1.0 3.4 1.0 3.7 10 

 Duration of illness (years)  21.1 12.3 17.0 11.8 24.2 11.8 

 IDS-SR 16.8 9.9 16.6 8.0 16.9 11.1 

 YMRS 0.6 1.4 0.42 1.1 0.7 1.5 

        

  N % N % N % 

 Female gender 56 65.9 21 58.3 35 71.4 

 Lifetime psychotic features 36 42.4 -  -  

        

Comorbidity       

  Lifetime ADHD  1 1.2 0 0 1 2.0 

  Lifetime alcohol use disorder 14 16.5 6 16.7 8 16.3 

  Current alcohol use disorder 10 11.8 5 10.2 5 13.9 

  Lifetime other substance use disorder 2 2.4 1 2.8 1 2.8 

  Current other substance use disorder 0 0 0 0 0 0 

        

Type of medication       

  Lithium 53 62.4 20 55.6 33 67.3 

  Anticonvulsants ‡ 35 41.2 10 27.8 25 51.0 

  Antipsychotics 22 25.9 8 22.2 14 28.6 

  Antidepressants 16 18.8 6 16.7 10 20.4 

  Benzodiazepines 8 9.4 1 2.8 7 14.3 

  None 3 3.5 3 8.3 0 0 

LPF: known with (+) of without (-) lifetime psychotic features  
‡ two patients used two different anticonvulsants (one patient + LPF and one patient - LPF) 
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In a second multiple regression analysis, the modifying effect of LPF on 

insight was measured in the whole group by including interaction terms of LPF with 

the composite domains processing speed, memory, executive functioning and 

emotional learning. Finally, separate multiple regression analyses were performed in 

patients with and without LPF using only those (social) cognitive domains of which 

the interaction term with LPF was statistically significant. Statistical significance was 

defined as p<0.05, two sided. Rsquare was provided as a measure of explained 

variance. Analyses were performed using SPSS Version 16.0 (2005).  

 

 

Table 2.  Raw data of 18 cognitive outcome variables, summarized in 8 domains (bold) for 85 

bipolar patients 

Variable All patients 

(N = 85) 

Patients + 

LPF (N = 36) 

Patients – 

LPF (N = 49) 

 Mean SD Mean SD Mean SD 
Psychomotor speed       

Simple movement time (msec) † 460.73 159.91 452.18 17155 467.02 152.31 

Five-choice movement time (msec) † 429.11 143.67 422.21 162.20 434.18 129.92 

       

Speed of information processing       

Simple reaction time (msec)  374.04 115.31 352.73 71.55 389.69 137.64 

Five-choice reaction time (msec) † 393.82 101.69 382.66 75.71 402.02 117.29 

Stroop time 1 (word; sec) † 45.16 9.22 44.64 8.0 45.55 10.11 

Stroop time 2 (color; sec) † 58.74 12.35 58.89 11.58 58.63 13.01 

       

Attentional switching       

Difference CPT hitrate version Q minus HQ † 0.05 0.07 0.05 0.08 0.04 0.06 

- CPT hitrate version Q (% correct)  0.99 0.04 0.99 0.02 0.99 0.04 

- CPT hitrate version HQ (% correct) 0.94 0.08 0.94 0.09 0.94 0.07 

       

Verbal memory       

CVLT - verbal learning (total nr correct resp) † $ 52.26 12.16 52.67 11.78 51.96 12.54 

CVLT - long term free recall (nr correct resp) † $ 11.76 3.43 11.92 3.45 11.65 3.44 

       

Visual memory       

PRM - number correct immediate $ 10.35 1.76 10.17 1.70 10.49 1.80 

PRM - number correct delayed † $ 9.06 2.11 8.64 2.07 9.37 2.11 

       

Executive functioning / working memory       

SWM - between errors 8 boxes (nr correct resp) 22.82 12.20 19.61 11.87 25.18 12.02 

SWM - strategy (efficiency score) †  34.54 5.55 33.39 5.13 35.39 5.74 

Stroop interference (difference rate; sec) † 6.78 19.89 4.28 16.54 8.62 22.01 

       

Emotional learning       

ELT- reaction time (sec) †  6.17 1.70 6.06 1.57 6.24 1.81 

ELT- accuracy (% correct) 0.67 0.22 0.63 0.24 0.70 0.20 

† for whole group: normally distributed 
$ higher score indicates better performance; in further analyses data were reversed (100 minus 

score) 
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Results 

Sample characteristics 

Demographic and clinical characteristics of the whole sample as well as the 

subgroups (i.e. with and without LPF) are listed in Table 1. The study included 69 

bipolar I patients (81.2%) and 16 bipolar II patients (18.8%). Patients were euthymic 

[n=37; IDS-SR score <14 (Rush et al., 2003; Trivedi et al., 2004)], mildly depressed 

[n=30; IDS-SR score 14-25 (Rush et al., 2003; Trivedi et al., 2004)] or moderately 

depressed [n=18; IDS-SR score 26-38 (Rush et al., 2003; Trivedi et al., 2004)], and had 

a mean YMRS score of 0.6 (SD=1.4). More than half of the patients never experienced 

psychotic features (57%).  

Only three bipolar patients (3.5%) were medication-free; the majority of all 

other patients used 1 (50.6%, n=43) or 2 (30.6%, n=26) different psychotropic drugs. 

Unfortunately, no complete information on dosage of medication is available. 

Patients with LPF were significantly younger, had lower IQ and lower duration of 

illness (p<0.05). Duration of illness and IQ were included as predictor variables and 

cognitive scores were corrected for the effects of age. Raw neurocognitive data for the 

whole sample as well as for the subgroups (with and without LPF) Raw 

neurocognitive data are presented in Table 2. 

 

MDIS scores in patients with bipolar disorder 

Total and subscale Insight scores are listed in Table 3. The average score on total 

insight in the whole group is 9, which corresponds to the cut-off score suggested by 

Birchwood (1994). Subscale scores demonstrate the most severe impairment for the 

subscale need for treatment. Subscale awareness of illness seems to be least impaired 

in the whole group. On average patients with LPF have significantly less awareness 

of their illness (U=674, p<0.004), but on the other hand better symptom attribution 

(U=517, P<0.001) than patients without LPF. Patients with and without LPF did not 

significantly differ on MDIS total score nor on the score of the subscale need for 

treatment. 

 

Illness insight in the whole bipolar cohort 

Insight: Awareness of Illness 

Together neurocognitive, emotional learning and clinical characteristics significantly 

predicted subscale scores for awareness of illness (F (8,76) = 4.508, p<0.0001, Rsquare 

0.322, adjusted Rsquare 0.250). Variables that significantly contributed to this effect 

were processing speed (β=0.180, 95%CI=0.053; 0.307, p<0.006), emotional learning 

(β=-0.237, 95%CI=-0.455; -0.020, p<0.033), LPF (β=-0.376, 95%CI=-0.705; -0.047, 

p<0.026) and depressive symptoms (β=0.217, 95%CI=0.060; 0.374, p<0.007); the 

cognitive domain of memory almost reached significance (β=-0.177, p<0.054). Thus, 

impaired emotional learning, and impaired memory, but better processing speed was 
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associated with lower awareness of illness. Moreover, presence of LPF was indicative 

of worse awareness of illness, while better awareness of illness was associated with 

more depressive symptoms.  

  

 

Insight: Symptom Attribution 

The scores on the subscale symptom attribution were significantly predicted by a 

model including cognitive functioning, emotional learning and clinical characteristics 

(F(8,76)=2.452, p<0.020, Rsquare=0.205, adjusted Rsquare=0.122). The variable 

significantly contributing to this effect was LPF (β=0.737, 95%CI=0.300; 1.174, 

p<0.001). This implies that the presence of LPF was indicative of better symptom 

attribution. 

 

Insight: Need for Treatment 

The scores on the subscale need for treatment were significantly predicted by a 

model including cognitive functioning, emotional learning and clinical characteristics 

(F(8,76)=3.536, p<0.002, Rsquare=0.271, adjusted Rsquare=0.195). The variables 

significantly contributing to this predictive effect were IQ (β=-0.117, 95%CI=-0.226; -

0.008, p<0.036), depressive symptoms (β=0.203, 95%CI=0.092; 0.314, p<0.000) and 

duration of illness (β=0.114, 95%CI=0.004; 0.223, p<0.042). Thus, higher IQ scores 

were associated with worse insight in the need for treatment, while better insight in 

need for treatment was associated with more depressive symptoms and a longer 

duration of illness. 

Table 3.  Insight scores for the whole group, subgroups (with and without lifetime psychotic 

features) and literature data 

  Mean SD 

All patients (n=85) Awareness of illness 3.7 0.8 

 Symptom attribution 2.9 1.0 

 Need for treatment 2.4 0.5 

 MDIS total score 9.0 1.5 

    

Patients with LPF (n=36) Awareness of illness 3.4 1.0 

 Symptom attribution 3.3 0.8 

 Need for treatment 2.4 0.5 

 MDIS total score 9.1 1.6 

    

Patients without LPF (n=49) Awareness of illness 3.9 0.5 

 Symptom attribution 2.6 1.0 

 Need for treatment 2.4 0.5 

 MDIS total score 8.9 1.4 

    

Reference data from literature *  Awareness of illness 3.4 1.0 

 Symptom attribution 3.1 1.2 

 Need for treatment 3.7 0.6 

 MDIS total score 10.2 2.0 
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Insight: Total score 

Overall insight (total MDIS score) was significantly predicted by a model including 

cognitive functioning, emotional learning and clinical characteristics (F(8,76)=3.275, 

p<0.003, Rsquare=0.256, adjusted Rsquare=0.178). Most importantly, a significant 

effect of the variables processing speed (β=0.356, 95%CI=0.101; 0.611, p<0.007), 

memory (β=-0.279, 95%CI=-0.518; -0.040, p<0.007) and depressive symptoms (β=0.590, 

95%CI=0.275; 0.904, p<0.0001) was found. Thus, impaired memory, but better 

processing speed was associated with worse general insight. Moreover better general 

insight was associated with more depressive symptoms. 

 

Illness insight in patients with and without LPF 

Insight: Awareness of Illness 

The inclusion of the interaction terms [LPF x (processing speed; memory; executive 

functioning; emotional learning)] in the whole group led to a statistically significant 

model (F(12,72)=3.841, p<0.0001, Rsquare=0.390, adjusted Rsquare=0.289). The 

predictive value of this model was not explained by any interaction term or other 

predictor [depressive symptoms almost reached significance (β=0.158, p=0.054)]. 

Therefore, post-hoc regression analyses in patients with and without LPF separately 

were not performed. 

 

Insight: Symptom Attribution 

The inclusion of the interaction terms [LPF x (processing speed; memory; executive 

functioning; emotional learning)] in the whole group led to a statistically significant 

model (F(12,72)=2.238, p<0.018, Rsquare=0.272, adjusted Rsquare=0.150). The 

predictive value of this model was fully explained by the interaction term LPF x 

processing speed (β=0.457, 95%CI=0.009; 0.905, p<0.046). Post-hoc regression analysis 

in patients with LPF resulted in a significant model (F(1,34)=9.052, p<0.005, 

Rsquare=0.210, adjusted Rsquare=0.187), indicating that processing speed 

significantly predicted subscale scores (β=0.366, 95%CI=0.119; 0.614, p<0.005). Post-

hoc regression analysis in patients without LPF did not result in a significant model. 

Thus, better processing speed was associated with worse symptom attribution in 

patients with LPF, but not in patients without LPF. 

 

Insight: Need for Treatment 

The inclusion of the interaction terms [LPF x (processing speed; memory; executive 

functioning; emotional learning)] in the whole group led to a statistically significant 

model (F(12,72)=2.361, p<0.013, Rsquare=0.282, adjusted Rsquare=0.163). The 

predictive value of this model was not explained by one of the interaction terms, but 

by the cognitive variable premorbid IQ (β=-0.127, 95%CI=-0.242; -0.013, p<0.030), as 

well as depressive symptoms (β=0.185, 95%CI=0.066; 0.304, p<0.003); duration of 
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illness almost reached significance (β=0.110, p<0.061). Post-hoc regression analyses 

were therefore not performed in patients with and without LPF separately. 

 

Insight: Total score 

The inclusion of the interaction terms [LPF x (processing speed; memory; executive 

functioning; emotional learning)] in the whole group led to a significant model 

(F(12,72)=2.849, p<0.003, Rsquare=0.322, adjusted Rsquare=0.209). The predictive 

value of this model was explained by the interaction term LPF x processing speed 

(β=0.708, 95%CI=0.033; 1.383, p<0.040), as well as depressive symptoms (β=0.470, 

95%CI=0.146; 0.794, p<0.005). Post-hoc regression analyses did not result in a 

significant model in patients with or without LPF. 

 

Discussion 

Our study is the first to investigate the complex relationships between illness insight 

and cognitive, emotional and clinical characteristics in a large group of bipolar 

patients. The major finding is that both cognitive functioning and clinical 

characteristics are associated with awareness of illness. Like in schizophrenia, several 

cognitive impairments were found to be related to impaired insight. Furthermore, 

not only cognitive functioning but also emotional learning appeared to be an 

important factor in awareness of illness. Regarding clinical characteristics lifetime 

psychotic features (LPF) predicted worse awareness of illness, whereas patients 

without LPF demonstrated worse symptom attribution. Finally, impaired insight was 

associated with fewer depressive symptoms. 

 

Insight and neurocognition 

Only a limited number of studies have investigated the relationship between illness 

insight and neurocognition in patients with bipolar disorder, demonstrating 

ambiguous results. While some studies showed a relationship between insight and 

working memory (Dias et al., 2008; Varga et al., 2006; Varga et al., 2009), (verbal) 

intelligence (Varga et al., 2006; Varga et al., 2009), decision making (Adida et al., 

2008), and executive functioning (Dias et al., 2008; Yen et al., 2008), other studies have 

not found such a relationship (Arduini et al., 2003; Yen et al., 2002; Yen et al., 2009).  

In the current study, the most robust finding with regard to insight and 

neurocognition was the positive relationship between processing speed and insight: 

the longer the time between initiating a response and the actual response, the better 

the insight. This effect was even more pronounced in patients with LPF. Initially this 

seemed counterintuitive, since processing speed is impaired in patients with bipolar 

disorder (Bora et al., 2009a; Bora et al., 2010) as well as in patients with schizophrenia 

(Longenecker et al., 2010; Mesholam-Gately et al., 2009; Tolman & Kurtz, 2010). 

However, Varga et al. (2007) reported a similar, although non-significant, finding. 

One could hypothesize that in patients with psychosis and also bipolar disorder, 
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taking more time to consider alternative explanations for their abnormal experiences, 

results in better insight. This explanation should be interpreted with caution 

however, since no data on accuracy are available.  

 Moreover, worse memory was found to be significantly associated with poor 

total insight and (as a trend) with awareness of illness. This is in line with similar 

findings demonstrating an association between insight and verbal memory 

performance in patients with a first psychotic episode (Buchy et al. 2009a; Lepage et 

al., 2008). Moreover, other studies demonstrated an association between insight and 

working memory performance in bipolar disorder (Dias et al., 2008; Varga et al., 

2006; Varga et al., 2009). These results suggest that worse memory may have a 

negative impact on the level of insight in the disorder. A limited capacity to hold 

information in verbal memory or to recall past behavior (autobiographical memory), 

may have a negative impact on the ability to evaluate the own behavior and drawing 

subsequent conclusions on the abnormality of the behavior.  

Finally, contrary to expectations, higher pre-morbid IQ was found to be associated 

with less recognition of need for treatment. A possible post hoc explanation is that 

patients with a higher IQ may be more critical and more likely to question the advice 

of the treating psychiatrist and more likely to set their own standards with regard to 

treatment of their symptoms. The negative effect of IQ only occurred in the subscale 

need for treatment, which supports such an interpretation.  

Notably, no relationship was found between executive functioning and 

insight. This is in concordance with the findings of Yen et al. (2009), who did not find 

such a relationship in bipolar patients either, although they did find an association in 

patients with schizophrenia. This may be due to a more severe neurocognitive 

performance in general, including executive functioning, of schizophrenic patients 

compared to bipolar patients (Krabbendam et al., 2005). Thus, the relationship 

between executive functioning and insight may be less pronounced in bipolar 

disorder. 

 

Insight and emotional learning  

In the whole patient group, an association between emotional learning and the 

subscale awareness of illness was demonstrated. Previous studies have found that 

patients with bipolar disorder are impaired in recognizing emotional expressions in 

faces (Kalmar et al., 2009; Phillips et al., 2008; Summers et al., 2006). Similarly, the 

facilitating effect of emotional stimuli in memorizing objects was diminished in 

patients with bipolar disorder (Kauer-Sant'Anna et al., 2008). This may be related to 

the ability to pick up social cues from the social environment. If this process is 

hampered, reflecting upon oneself is biased. Hence, alarming signals from the social 

environment may not be incorporated in the self-representation. Interestingly, this 

effect does not seem to be specific for patients with LPF, which indicates a more 

general effect of emotional learning on insight. 
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Insight and clinical characteristics  

In a meta-analysis, Bora et al. (2010) found that bipolar patients with LPF are more 

cognitively impaired than bipolar patients without LPF. The present study suggests 

that to some extent this more severe impairment can be extended to poorer illness 

insight. Patients with LPF have worse awareness of illness in the disorder. The higher 

scores on the subscale symptom attribution in patients with LPF may be explained by 

the presence of psychotic symptoms, which may be more salient in the sense of 

“being abnormal” than manic or depressive symptoms making it more likely that 

patients recognize these symptoms as abnormal once they are in a remitted state.  

Moreover, better insight was found to be associated with more depressive 

symptoms. Although this effect has been reported before (Buchy et al., 2009c; Dias et 

al., 2008; Gonzalez, 2008; Staring et al., 2009; Yen et al., 2008), the underlying 

mechanism of this effect is not clear. Possibly patients with better insight have a more 

realistic representation of their own situation, which makes them more depressed. 

However, reasoning in the opposite direction is also possible. Depressive patients 

tend to have a more realistic representation of their own skills, reflected by a smaller 

self-serving bias (Mezulis et al., 2004). This more realistic self-representation may 

result in better insight. Importantly, some studies in psychotic patients show that this 

relationship between insight and depressive symptoms may be mediated by 

internalized stigma, i.e. to what extent do patients experience stigmatized feelings 

enforced by the social environment (Lysaker et al., 2007b; Staring et al., 2009). That is, 

psychotic patients with good insight who are concerned by stigmatization show 

more depressive symptoms. 

 

Clinical implications 

In clinical settings, often illness insight is considered as a single dimensional concept, 

being judged as present or absent. Amador and Kronengold (2004) have discussed 

that insight is a complex and multidimensional phenomenon. In the current study 

such a multidimensional approach for insight in patients with bipolar disorder is 

confirmed: insight should be defined along the three dimensions of David (1990); 

recognition of symptomatology, attribution of symptoms and treatment compliance. 

Indeed, some of the predictors in our study were differently associated with the three 

subscales. This is also illustrated by the different scores of patients with and without 

LPF on the different dimensions of insight. Finally, impairment of illness insight can 

be subtle and may be easily missed.  

This has different implications for clinical practice. For instance, our study 

demonstrated that clinicians should be specifically aware of impaired symptom 

attribution in patients without LPF, whereas in patients with LPF a lack of awareness 

of the illness may be more prominent. The relationship between higher processing 

speed and worse insight suggests that impulsivity may be related to lack of insight. 

Training patients in taking the time to evaluate thoughts and behavior may result in 
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less jumping to conclusions and a more well considered opinion regarding their own 

illness and situation in life 

Finally, it is important to note that insight plays an important role in the 

recognition of bipolar disorder (Ghaemi, 2007). In a depressed episode, patients are 

more likely to have good insight and consequently seek help. When they are not 

aware of (or do not speak about) their previous (hypo)manic symptoms, this may 

result in a misdiagnosis of unipolar depression. Being aware that patients may not 

have insight into manic or psychotic symptoms may prevent such misdiagnoses and 

result in more adequate treatment of such patients.  

 

Strengths and Limitations  

First, a major advantage of this study is the sample size. To the best of our 

knowledge this study is the largest to address illness insight in relation to various 

possible predictors. Moreover, the extensive cognitive task battery, including an 

emotional learning paradigm, in combination with clinical characteristic allowed a 

multidimensional approach.  

Some limitations also need to be discussed. The present study did not include 

patients with current manic or psychotic symptoms. Therefore (and in contrast to 

depressive symptoms) the effect of current manic or psychotic symptoms could not 

be investigated. Type of medication and thus the number of different kinds of 

medication was registered in our study but not dosage. Moreover, we have no 

information on actual medication compliance. However, it has to be noted that 

inconsistent findings have been reported on cognitive side effects for lithium as well 

as other psychotropic medication (Balanza-Martinez et al., 2010; Goldberg & Burdick, 

2008; Goswami et al., 2009; Lopez-Jaramillo et al., 2010; Wingo et al., 2009). 

Definitely, more research is needed on the effects of specific medications on cognitive 

performance. Until then no golden standard is available for correcting for medication 

side effects in cognitive studies. In the current study, no differentiation between 

patients with type I and II bipolar disorder was possible due to limited sample size 

(n=16) of bipolar II patients. However, post-hoc comparisons did not show any 

statistically significant differences between the subgroups in total insight score or 

any of the subscales (p>0.05). In addition, post-hoc analyses in only bipolar I patients 

revealed that most differences as observed in the whole group, remained significant. 

Furthermore, most of the patients participating in the current study have received 

psycho education, which may have improved level of illness insight and 

consequently resulted in less pronounced insight scores. However, the insight scores 

in the current study were similar to those reported by Sturman et al. (2003), 

suggesting that our sample is still representative for evaluating illness insight in 

bipolar patients.  

In addition, only an estimate of premorbid IQ was measured (NART), 

therefore no firm conclusions regarding the relationship between current full IQ and 

insight could be drawn. Even though the domain executive functioning used for the 
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current study encompasses all major aspects of executive functioning (Siris, 1991), the 

relationship between executive functioning and insight has often been assessed with 

the Wisconsin Card Sorting Task [WCST; see Aleman et al. (2006) for a meta-analysis 

in schizophrenia]. Thus, in order to compare this relationship across studies, future 

studies could additionally include the WCST in the cognitive task battery. 

Furthermore, only one aspect of the social cognitive domain, an emotional learning 

paradigm, was measured. In a future study a more extensive social cognitive battery 

may be more informative, for example including a measure of Theory of Mind [cf. 

Shur et al. (2008) and Bora et al. (2005)].  

Finally, in this study only one instrument [the self-report measure of insight 

(MDIS)] was used to measure insight. An interview based measure of insight such as 

the Scale to Assess Insight - Extended [SAI-E; (Kemp & David, 1996)] or the Scale to 

assess Unawareness of Mental Disorder [SUMD; (Amador et al., 1993)] may reveal 

more subtle hints of lack of insight. Ideally, multiple measures of insight should be 

used to get the best representation of insight. 

 

Conclusion 

The current study demonstrated that insight in bipolar disorder is determined by 

neurocognitive, emotional and clinical characteristics, which confirms the complex 

nature of the concept of insight, Moreover, bipolar patients with LPF have more 

impaired insight than patients without LPF, most specifically with regard to 

awareness of illness. In patients with LPF especially, slower processing speed is 

predictive for impaired insight, suggesting that impulsivity or disinhibition may 

result in worse insight. Furthermore, this study extends the relationship between 

insight and depressive symptoms in schizophrenia patients to bipolar patients. That 

is, also in bipolar patients better insight is associated with more depressive 

symptoms. Clinicians should be aware of this strong relationship. Treatment targeted 

at improving the insight of patients should take into account that the patient may 

temporarily develop more depressive symptoms. Understanding the factors that 

moderate the concept of insight is important in the treatment of bipolar disorder. We 

suggest that improving insight may improve the willingness of patients to accept 

treatment for their symptoms, which may ultimately improve outcome. 
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The emotional self in schizophrenia and bipolar disorder 

The aim of this thesis was to shed more light upon the neural basis of the cognitive 

processes involved in social cognitive and emotional functioning. The neural 

correlates of the ability to understand other people’s thoughts and actions, Theory of 

Mind (chapter 2), the ability to regulate the emotions induced by negative events 

(chapter 5) and the ability to reflect upon one’s own traits and characteristics (chapter 

6) were discussed. Disruptions in such amazingly complex processes can result in 

problems in social interactions. Patients with chronic psychiatric disorders often 

present with such problems. To unravel the nature of these impairments the 

behavioral performance and neural activation patterns in people with vulnerability 

for psychiatric disorders (chapters 3 and 5) as well as in patients with chronic 

psychiatric disorders (chapters 4 and 5) were examined. Finally, in the chapters 7 and 

8, poor insight as a possible consequence of these impairments was discussed. 

  

Theory of Mind and the brain 

In chapter 2, the neurobiological pillars of understanding the beliefs and intentions 

of others, also referred to as Theory of Mind (ToM), was investigated. In this chapter, 

we elaborated on this process of understanding by distinguishing between inhibiting 

your own perspective and taking the perspective of someone else. This distinction 

was already proposed by Vorauer and Ross (1999) and was tested by Samson and 

colleagues (2005) in patients with lesions in the right inferior frontal gyrus (IFG). We 

tested the neural basis of this two-component theory in healthy subjects by means of 

fMRI. To our knowledge, this was the first time the two-component of theory was 

empirically tested with fMRI. We demonstrated an important role for the bilateral 

inferior frontal gyrus (IFG) for the inhibition of self-perspective. We additionally 

demonstrated that the second ToM component, taking the perspective of someone 

else, relies on the activation of the left superior temporal gyrus (STG), the temporo-

parietal junction (TPJ) and the middle temporal gyrus (MTG). Besides investigating 

the ToM sub-processes, we tested whether simple response inhibition would share 

neural resources with this self-inhibition process. We found that such simple motor 

response inhibition (withholding to push a button upon presentation of a cue just 

before the response would be given) showed overlapping activation with self-

inhibition in the bilateral IFG.  

Disentangling such a complex process as ToM can provide valuable 

information for research on impairments in ToM. More fundamental knowledge on 

the sub-processes of ToM, may enable us to understand which sub-processes are 

hampered in patients with psychiatric disorders, who often present with ToM 

impairments. Therefore, we investigated in chapter 3 the inhibition of self-

perspective in psychosis prone subjects. Psychosis prone (PP) individuals report 

some subclinical symptoms of psychosis, but do not seek treatment for these 

symptoms. Behavioral results showed that high PP subjects performed as well as low 

PP subjects on self-inhibition as well as other-perspective taking. However, the 
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pattern of brain activation revealed increased activation for high PP subjects in the 

left IFG, the area that we demonstrated in chapter 2 to be important for the inhibition 

of your own perspective. At the same time, these high PP individuals did not show 

any differences on simple response inhibition, neither on behavioral performance nor 

on brain activation. We suggested that in a more complex process such as ToM, there 

is more contextual information that needs to be inhibited, while in the simple motor 

response inhibition task, just withholding a response upon the presentation of a cue 

was required. Individuals who are prone to psychosis may need to put more effort in 

inhibiting contextual information, which is reflected in increased brain activation. In 

real life, situations are even more complex and have much more contextual 

information than in our experimental task, while no explicit instructions to mentalize 

are given. We suggested in chapter 3 that the inhibition of such complex information 

that is part of your own perspective may be more effortful for high PP subjects and 

this may be even more problematic for psychiatric patients. Some studies showed 

that training patients on simple cognitive tasks can improve their performance on 

other more complex tasks (Fisher et al., 2010; Haut et al., 2010; Subramaniam et al., 

2010) and can even result in increased brain activation for these more complex tasks 

(Haut et al., 2010; Subramaniam et al., 2010). Such results suggest that we may 

improve ToM in subjects with impairments in ToM by training them on inhibiting 

their own perspective, and perhaps even by training them on simple motor response 

inhibition alone.  

 

On the regulation of emotions 

In chapter 4 of this thesis, we investigated another process important for dealing 

with society: the interpretation of emotional events and dealing with the emotional 

response that is evoked upon this event. We examined the ability to introspect upon 

feelings and putting these feelings into words, as well as strategies to cope with 

emotional events in patients with schizophrenia. We showed that schizophrenia 

patients reported problems with identifying their emotions, but we also showed that 

this was associated with levels of depression. This finding is difficult to interpret, but 

may indicate that schizophrenia patients have more problems with identifying their 

emotions when they are more depressed. This may be due to a general lack of 

motivation that is often observed in depression. An interpretation that is intuitively 

more appealing is that problems in identifying emotional feelings may result in a 

more depressed mood. That is, if the emotion cannot be identified it may be more 

difficult to reduce the negative affect through cognitive down-regulation. We also 

showed that schizophrenia patients reported to suppress their emotions more often 

than healthy controls, whereas healthy controls reported to more often reappraise 

these negative events. Perhaps due to these differing preferences for emotion 

regulation strategies, schizophrenia patients experience as much or even more 

negative affect (Kring & Neale, 1996; Myin-Germeys et al., 2000). Possibly, patients 

have more difficulty using the reappraisal strategy so they may cope with this 
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negative affect by suppressing their emotions. This is supported by the apparent flat 

affect, that is so often reported in these patients, in spite of these similar or even 

stronger subjective emotional experiences of these patients (Gur et al., 2006; Kring & 

Neale, 1996).  

 To understand the underlying neural mechanisms of these emotion regulation 

strategies we tested schizophrenia patients and first-degree relatives of schizophrenia 

patients with an emotional regulation task, while we measured brain activation. The 

inclusion of the first-degree relatives is especially interesting since they often present 

with similar, but less severe, cognitive impairments as patients without 

demonstrating symptoms of schizophrenia or medication effects (Keshavan et al., 

2010; Phillips & Seidman, 2008). This study was described in chapter 5. Similar to our 

findings reported in chapter 4, we found that schizophrenia patients reported to use 

the suppression strategy more frequently than healthy subjects. Relatives reported to 

use suppression with a frequency somewhat in between healthy control subjects and 

patients. In addition, similar to the findings in chapter 4, we found that 

schizophrenia patients showed more problems with identifying their emotions, while 

relatives reported less problems with identifying than healthy control subjects.  

The pattern of brain activation was measured for reappraisal as well as for 

suppression. Both emotion regulation strategies resulted in a reduction of negative 

affect in patients, relatives and healthy control subjects. However, the overall 

negative affect remained higher for both patients as well as for relatives compared to 

healthy control subjects. With regard to the reappraisal strategy, patients showed less 

activation than healthy controls in the reappraisal brain network (bilateral IFG, 

dorsomedial prefrontal cortex, inferior parietal lobe and the left insula). Conversely, 

relatives showed increased activation in this network (dorsomedial prefrontal cortex, 

posterior cingulate cortex, left dorsolateral prefrontal cortex and bilateral inferior 

parietal lobe).  

Similarly, with regard to the suppression strategy, healthy controls 

deactivated the insula and the dorsal anterior cingulate cortex, while schizophrenia 

patients did not deactivate these areas. Such deactivation is consistent with previous 

findings in which activation of, amongst others, the dorsal anterior cingulate cortex 

and insula was negatively correlated with the intensity of the negative stimulus 

(Phan et al., 2005). Furthermore, Goldin et al. (2008) reported ventrolateral prefrontal 

cortex (vLPFC) activation for suppression. We replicated this finding and found 

vLPFC activation in suppression for both patients and healthy subjects. Goldin et al. 

(2008) suggested that this region is implicated in the down-regulation of insular 

activation to diminish emotional valence. This down-regulation may result in the 

suppression of sensory information from multiple modalities that is processed in the 

insula. We proposed that this may subsequently prevent the experience of an 

emotion. This interpretation is supported by research on posterior insula indicating 

its involvement in multimodal somatosensory processing (Craig 2002). Lesions of the 

posterior insula have shown to induce distortions in the recognition of sensory input 

and even to impaired self awareness of actions (Baier and Karnath 2008). Similarly, 
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the dorsal anterior cingulate has been related to emotional awareness (Lane et al., 

1998a). We proposed in chapter 5 that deactivation of this area may eventuate in 

unawareness of the emotion, and thus successful suppression. Thus, the results 

suggest that even though patients are able to employ this suppression strategy, they 

are not able to reduce their negative affect to the level of healthy controls.  

Relatives instead show an increased activation of the dorsomedial prefrontal 

cortex. Activation in the dMPFC has been suggested to inhibit amygdala activation 

(Baron et al., 2010; Furlong et al., 2010; Goldin et al., 2008; Iidaka et al., 2010; Moses-

Kolko et al., 2010). The increased activation in relatives suggests a compensatory 

activation necessary for down-regulation of the amygdala. However, this 

compensation is still not enough to decrease negative affect to the extent healthy 

unaffected control subjects do. Thus at some point between a vulnerability for 

psychosis and fully developing a psychiatric disorder, compensatory mechanisms 

may be employed to normalize response to emotion evoking stimuli.  

In both chapter 4 as well as in chapter 5 we described compensatory activation 

in brain networks that are recruited for the inhibition of self-perspective and the 

regulation of emotions, respectively. This increased effort conjoined with the higher 

overall negative affect reported in chapter 5 may induce more stress in vulnerable 

individuals in social situations. While for relatives the literature reports that the 

pattern of brain activation varies from increased, to decreased, to similar activation 

compared to healthy controls, this pattern of brain activation shifts towards 

decreased activation in first-episode patients (Fusar-Poli et al., 2007). Thus, 

compensatory mechanisms seem to be less available once the transition to psychosis 

has been made. Nevertheless, training patients on cognitive tasks has resulted in an 

increase in brain activation related to cognitive control (Haut et al., 2010; 

Subramaniam et al., 2010), but also to areas related to emotional and self-processing, 

such as the ventral and dorsal MPFC (Subramaniam et al., 2010).  

 

Self-reflective processing  

The importance of the ventral and dorsal MPFC in social cognitive and emotional 

processing also emerges from the meta-analysis that was described in chapter 6. In 

this chapter we demonstrated the importance of the ventral and dorsal MPFC in self-

reflective processing. Besides these areas, the anterior and posterior cingulate cortex 

(ACC and PCC) proved to be of great importance for self-reflective processing. In 

this meta-analysis we suggested that the vMPFC is specifically concerned with the 

affective processing of self-relevant information. More detailed investigation of self-

reflective processing by comparing it with other-reflective processing revealed the 

involvement of only the vMPFC and vACC as core regions. The overlapping 

activation of dMPFC in self as well as other processing suggests that the dMPFC is 

important in reflection processes per se and not necessarily specific for self-reflection.  

Based on the meta-analysis, we proposed a model for self-reflective processing 

(see figure 3, pp113). Both the vMPFC and ACC are important in affective 
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processing. We suggested that the ACC may be essential for directing attention to the 

self, while the vMPFC, through its anatomical connections with the limbic system 

(Young et al., 1994), may be responsible for tagging the stimulus when it is relevant 

for oneself (Northoff et al., 2006; Northoff & Bermpohl, 2004). Anatomical 

connections have also been reported between the vMPFC and the dLPFC 

(Ghashghaei and Barbas, 2002), an area that is important for working memory 

performance and temporal organization of behavior (Hermann and Wyler, 1988; 

Corcoran and Upton, 1993; Upton and Corcoran, 1995; Haut et al., 1996; Fuster, 1997, 

2000; Goldstein et al., 2004; Buchsbaum et al., 2005; Gilbert et al., 2006). The dLPFC 

exerts executive control on the vMPFC, which in turn influenced the limbic system 

(Phelps, 2006).  

The insula and PCC keep the individual informed on the internal bodily state 

and autobiographical memory respectively. The dMPFC is then involved in the final 

evaluation process on the applicability of the stimulus (Northoff et al., 2006; Northoff 

& Bermpohl, 2004), but not only for the self also for others. This functional distinction 

between the vMPFC and the dMPFC has been investigated by Mitchell et al. (2006) 

who showed that the vMPFC was activated in ‘similar others’, but not in ‘dissimilar 

others’, which supports the proposed dichotomy between the vMPFC and the 

dMPFC. In chapter 5 of this thesis we demonstrated a role of the dMPFC in the 

regulation of emotions. This suggests that the dMPFC may not only be important for 

decision making with regard to self- and other-reflection, but may be involved in 

decision making on emotional stimuli in general. However, the area with the dMPFC 

important for emotion regulation seems to be more posterior than the area important 

in self and other reflection implying a different functional role for both processes.  

It may be expected that if any of these areas are damaged, this will hamper the 

gathering of information in one or more areas, resulting in defective or imperfect 

evaluation and decision-making. In chapter 6 we argued that if self-reflective 

processing in schizophrenia patients is impaired, one would expect a deviant pattern 

of activation in self-reflective processing networks, leading to impaired self-

evaluative processing and reduced awareness of mental illness. 

 

Schizophrenia, social cognition, emotional processing and the brain 

In chapters 2, 5 and 6 we described brain areas involved in processes of self-

inhibition, emotion regulation and self-reflection, respectively. When the activation 

patterns for self-inhibition, the reappraisal strategy of emotion regulation and self-

reflective processing are compared (see figure 1), it becomes clear that there is one 

particular area of overlap between these processes, the left insula and the left IFG, 

also called ventrolateral prefrontal cortex [vLPFC; cf. Ochsner and Gross (2005)] (see 

figure 1a). The vLPFC has been implicated in processes of both cognitive and 

affective control (Ochsner, 2005). Ochsner and Gross (2005) suggested that the vLPFC 

is most importantly involved in the evaluation process of emotional stimuli and the 

subsequent actions through the connection with limbic structures such as the 
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amygdala and the nucleus accumbens. In addition, Craig (2009) reviewed the 

functional role of the anterior insula and concluded that this region is not only 

involved in the awareness of bodily sensations, but also in subjective feelings and 

self-awareness.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interestingly, the area of overlap between the tasks described in chapter 2, 5 

and 6 is precisely the region in which schizophrenia patients showed less activation 

than HC when they reappraised a negative picture (see figure 1b). Other studies 

related a decrease of activation in this same region in schizophrenia patients to 

impairments in discriminating self generated from externally generated stimuli 

(Allen et al., 2004), recognizing the own face (Kircher et al., 2007), self-body 

perception (Orbach et al., 1966; Traub et al., 1967), the ability to integrate subcortical 

 

Figure 1. Overlapping brain activation for self-inhibition, self-reflection and reappraisal. X,y,z refer to the slices that are 

displayed at respectively saggital, coronal and axial view. A, top panel: Activation patterns for healthy controls only, with 

in yellow the activation for self-inhibition, in red the activation for reappraisal, in green the actitvation for self-reflection.  

B, bottom panel: Activation pattern for healthy controls and schizophrenia patients. In yellow the activation patterns for 

healthy controls for self-inhibition and in green the activation pattern in healthy controls for self-reflection. In purple the 

decreased activation for schizophrenia patients for reappraisal, which falls within the area of overlap between self-

inhibition, self-reflection and reappraisal.  
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somatic and cortical information (Anders et al., 2009), and short-term emotional 

memory (Royer et al., 2010).  Thus, a decrease of activation seems to reflect a range of 

impairments not only in the processing of self, but also in the regulation of emotional 

stimuli. Petrides (2005) described the functional and anatomical organization of the 

vLPFC and proposed that this area projects to dLPFC as well as limbic and sensory 

regions.  

Functionally, Petrides concluded that the vLPFC has a distinct role in the 

selection, comparison and judgments of stimuli. A study that compared activation 

related to cognitive and emotional control revealed that an area within the vLPFC, 

which is similar to the area revealed by our data was less activated in patients, is 

important in both networks (Seeley et al., 2007). Craig (2009) suggested that this area 

is important in the translation between bodily sensations and the awareness of these 

sensations. This may be true for more basic unemotional sensory input as well as for 

more complex top down processes such as self-inhibition and down-regulation of 

emotional stimuli. The decreased activation in schizophrenia patients in the region of 

overlap for self-inhibition, reappraisal of emotional stimuli and self-reflection may 

reflect an impaired functioning of this region. 

 

The multiple faces of insight 

The awareness of self-related information, both sensory and emotional, relates to the 

concept of insight. The concept of insight refers to the awareness of the illness in 

general, but also to an awareness that one presents with symptoms related to a 

mental disorder and the awareness that one may need treatment to overcome such 

symptoms. The chapters 7 and 8 both showed that the concept of insight is not just 

related to cognitive, emotional or symptom dimensions alone. Instead these chapters 

demonstrated that for both patients with schizophrenia and bipolar disorder, insight 

is a multidimensional concept that is related to cognitive as well as emotional as well 

as symptom dimensions. In chapter 7, we specifically analyzed patients with a recent 

onset psychosis versus patients in a more chronic stage of the illness. It was 

demonstrated that this relationship was most prominent in patients who suffered 

multiple episodes. This is also reflected in the number of hospitalizations which was 

significantly related to insight. That is, the more hospitalizations, the worse the 

insight or vice versa. Moreover, we investigated the role of social cognition in 

impaired insight with a Theory of Mind task and an emotion recognition task. We 

found that better performance on both social cognitive tasks was related to better 

insight. This finding confirms the idea that insight is not just related to 

neurocognitive or clinical factors, but also to factors that are important in social 

interaction.  

In chapter 8, insight was assessed in patients with bipolar disorder and it was 

demonstrated that similar to patients with schizophrenia, cognitive, emotional and 

clinical characteristics are all related to level of insight. We specifically investigated 

the relationship of these variables in patients with and without lifetime psychotic 
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features (LPF). We demonstrated that in patients with LPF specifically, the speed of 

processing is related to level of insight, suggesting that the faster the response, the 

lower the insight. We hypothesized that this may imply a relationship between 

impulsivity and jumping to conclusions and insight. The more time one takes to 

consider alternative explanations for abnormal experiences, the better the insight. 

However, the current data only point towards that direction and such a claim would 

require more supporting evidence.  

Importantly, in chapter 8 we demonstrated that besides a relationship 

between neurocognition and insight as well as a relationship between clinical 

characteristics and insight, there is an additional role for emotional processing; more 

specifically, emotional learning. We suggested that the ability to pick up social cues 

from the environment is related to the ability to couple emotional and non-emotional 

stimuli. Impairment of such abilities may hamper attempts to use social and 

environmental information for reflecting upon oneself.  

 

Clinical implications 

In this thesis we focused on investigating the neural correlates of social cognitive and 

emotional processes such as ToM, self-reflection and emotion regulation in 

psychiatric patients. Understanding the neural correlates of impairments in these 

processes provides important information for understanding the social impairments 

in patients with schizophrenia and bipolar disorder. In addition, more fundamental 

knowledge will direct us towards the development of treatments specifically aimed 

to improve social functioning and illness insight. Based upon the results of this 

thesis, developing treatments that are aimed at cognitive and emotional control 

would be most appropriate. Indeed, preliminary results suggests that training 

schizophrenia patients on simple cognitive tasks can result in improvement on non-

related social cognitive tasks as well as in increased activation in brain areas related 

to cognitive and social processes (Subramaniam et al., 2010). In addition, Haut et al. 

(2010) showed that training patients on cognitive tasks increased the activation in 

related brain areas. Mazza et al. (2010) showed that training schizophrenia patients 

with an emotion imitation treatment specifically targeted at improving social 

cognitive functioning, resulted in improved performance on all measures of social 

cognition. This was supported by pre and post measurements of neural activity 

measured with event related potentials (ERPs). Similarly, Eack et al. (2007) and 

Hogarty et al. (2006) demonstrated that cognitive enhancement therapy improves 

social cognitive processing. Finally, Lysaker et al. (2010a) as well as Pijnenborg and 

Aleman (2010) proposed a model for psychotherapeutic interventions in patients 

with schizophrenia, specifically aimed at the ability to self-reflect. If indeed self-

reflective processing in patients with impaired insight is hampered, such an 

intervention may improve insight in these patients.  

 The combined results of chapters 2, 5 and 6 suggest an overlapping area in the 

left vLPFC extending to the insula that is important in processes related to self-
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inhibition, self-reflection and emotion regulation (figure 1b). Moreover, we 

demonstrated that this area is less activated in patients with schizophrenia while 

reappraising negative pictures. These converging results suggest that perhaps the 

stimulation of this area may result in better performance for patients in different 

domains of social cognitive and emotional processing. One possibility for the 

stimulation of this area could be repetitive transcranial magnetic stimulation (rTMS). 

Even though the evidence is somewhat inconsistent, effective treatment of auditory 

verbal hallucinations (Cho & Strafella, 2009; Slotema et al., 2010; Vercammen et al., 

2010b) and negative symptoms (Dlabac-de Lange et al., 2010) in patients with 

schizophrenia by means of rTMS has been reported. However, further research is 

needed to support the hypothesis that rTMS stimulation of the left vLPFC and insula 

may be effective in schizophrenia patients to improve social functioning. Especially 

since rTMS may only reach cortical areas as deep as one to two centimeters and thus 

may not reach the insula. New techniques of deep rTMS have been developed for 

stimulation of areas that lay deeper in the brain, such as the insula and thus may 

provide a solution for this issue (Roth et al., 2007). 

  Besides treatment for patients, one may discuss the practicality of the 

prevention of psychosis in individuals who are prone to psychosis either by genetic 

predisposition or otherwise. This is an ethical discussion since the majority of these 

individuals may not develop a psychotic episode at all. That implies that they do not 

need any intervention or psychotherapy. If one proceeds to therapeutic interventions 

in this group, one may unnecessarily stigmatize these individuals. Nevertheless, the 

group of subjects that do go on to develop a psychotic episode [about 10%; 

(Chapman et al., 1994; van Os et al., 2009)], may benefit from preventive 

interventions. In the development of the new version (5th edition) of the diagnostic 

and statistical manual (DSM), it is currently debated whether a Psychosis Risk 

Syndrome should be included in the manual. In this discussion, it is proposed that a 

psychotic illness is most effectively treated while still in an early stage3. In chapters 3 

and 5 we demonstrated abnormal brain activation in subjects prone to psychosis and 

relatives, respectively. Even though these subjects do show normal performance 

behaviorally, the increased activation does suggest increased effort. These 

individuals may benefit from psychotherapy or stress management (Preti & Cella, 

2010).  

 Finally, insight is a relevant concept in the treatment of patients with 

psychiatric disorders. Level of insight is closely connected to treatment compliance 

(McEvoy, 2004). That is, patients who do not acknowledge their illness and the need 

for treatment are more likely to be non-compliant with their medication. It is 

important to note that insight is a multidimensional construct comprising three 

dimensions:, awareness of illness, symptom attribution and treatment compliance 

(David, 1990). In chapter 8 of this thesis we demonstrated that this multidimensional 

approach can also be applied in bipolar disorder. Patients may be aware in one 

                                                
3 http://www.dsm5.org/ProposedRevisions/Pages/proposedrevision.aspx?rid=412# 



 Summary and discussion 

 163

dimension, while they have impaired insight in another dimension. For example, 

patients who are compliant with their medication may not attribute their symptoms 

to their disorder (McEvoy, 2004). In addition, specifically in bipolar disorder 

impaired insight is related to misdiagnoses (Ghaemi, 2007). Patients tend to have 

better insight in or suffer more from their depressive episodes than in their 

(hypo)manic episodes, which may result in the patient not speaking about 

(hypo)manic symptoms and be misdiagnosed with unipolar depression. Moreover, 

we demonstrated that insight is related to cognitive, social and clinical characteristics 

in patients with schizophrenia as well as in patients with bipolar disorder (chapter 7 

and 8 of this thesis). This relationship elucidated that directing treatment at only one 

of these factors is not sufficient to improve insight. Instead treatment should be 

directed at cognitive as well as emotional and clinical features.  

 

Future directions and concluding remarks 

The results of this thesis provide a framework for further investigation of social 

cognitive and emotional processes in schizophrenia and bipolar disorder. Currently, 

we are using this framework to examine the underlying mechanisms of impaired 

insight in these patients. We are assessing the neural basis of emotion regulation and 

self-reflection in patients with schizophrenia and bipolar disorder. Based upon the 

results presented in this thesis we expect to find a mediating effect of insight on brain 

activation in medial and lateral frontal as well as limbic regions. Besides the neural 

correlates of insight, we are investigating the relationship between meta-cognition 

and insight. Koren et al. (2004) demonstrated a large effect of meta-cognition on 

insight by means of an adapted Wisconsin Card Sorting Task (WCST). They asked 

patients to judge their own performance and found that this ability was highly 

related to levels of insight. In our current study we extended this task by providing 

the patient with feedback with regard to their performance. We expect that patients 

with good insight will be better at incorporating the feedback in their judgment on 

their performance, while patients with impaired insight will be less able to use this 

feedback. Furthermore, we are exploring whether impaired insight may be 

associated with functional and/or anatomical connectivity. Based upon the results of 

this thesis our expectations are mainly directed at connections between lateral 

frontal, medial frontal and limbic regions.  

Besides investigating within group differences in schizophrenia patients and 

bipolar patients, we will examine between group differences as well. This will enable 

us to test whether differences between affective and non-affective psychosis can be 

observed in measures of social cognitive and emotional processing and 

corresponding brain areas. We specifically expect to find group differences in 

ventrolateral and ventromedial regions as well as limbic regions, since these areas are 

mostly involved in emotional processing.  

Finally, the results of this thesis can be used in the development of clinical 

tools for improving social cognitive and emotional processing in patients with 
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schizophrenia and bipolar disorder. This may be the development of psychotherapy, 

but also other forms of treatment such as rTMS and medication targeting the brain 

areas involved in social cognitive and emotional processing. 

In sum, this thesis has provided fundamental knowledge on social cognitive and 

emotional processes in healthy controls as well as schizophrenia patients which may 

lay the ground for the development of treatments specifically aimed at the 

improvement of these processes in patients. This fundamental knowledge can be the 

basis for such treatments and research should be conducted how to employ this 

knowledge in clinical settings.  
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Hoe handhaaf je jezelf in een sociale omgeving? Welke psychologische processen 

liggen hieraan ten grondslag? Welke delen van de hersenen zijn hierbij betrokken? 

En is zijn deze processen en/of hersengebieden verstoord bij mensen met schizofrenie 

en bipolaire stoornis? Deze vragen staan centraal in dit proefschrift. Om hierop een 

antwoord te kunnen geven moeten we deze “psychologische processen” eerst nader 

specificeren. De psychologische processen die wij van belang achten zijn sociaal 

cognitieve en emotionele processen. Onder sociale cognitie verstaan we “de 

verwerking van die  informatie die uitmondt in de juiste perceptie van de eigenschappen en 

intenties van andere individueën” [Brothers (1990); pp. 27]. Zulke complexe sociaal 

cognitieve processen omvatten bijvoorbeeld de vaardigheid om sociale en emotionele 

signalen die andere mensen uitzenden te interpreteren en te gebruiken om de 

intenties en opvattingen van deze mensen de begrijpen. Dit proces noemen we ook 

wel Theory of Mind (ToM). Naast het begrijpen van de intenties van anderen, zijn 

emotionele processen belangrijk voor het persoonlijk welbevinden. In dit proefschrift 

hebben we de vaardigheid om emotionele gebeurtenissen te relativeren en betrokken 

hersengebieden onderzocht. Ook onderzochten we hoe mensen hun eigen gedrag en 

karaktertrekken beoordelen. Deze vaardigheid is belangrijk om reacties vanuit de 

omgeving op jezelf en op je gedrag te evalueren en mee te nemen in nieuwe situaties.  

 

Chocolade 

In de hoofdstukken 2 en 3 onderzochten we ToM oftewel, de vaardigheid sociale en 

emotionele signalen van anderen te interpreteren en te gebruiken om de intenties en 

opvatingen van anderen de begrijpen. Het zal niemand verbazen dat dit een zeer 

complex proces is. Om beter te begrijpen wat we precies bedoelen met ToM zullen 

we een voorbeeld geven. 

 

Stel je voor dat je broertje heel vrolijk thuis komt. Hij heeft net een heel lekkere en 

dure chocoladereep gekocht die hij niet met je wil delen. Hij verstopt deze reep in 

een la van de keuken en gaat naar zijn kamer. Wanneer jij in de keuken op zoek gaat 

naar een mes, vind je per ongeluk zijn chocoladereep. Omdat jij ook de 

kinderachtigste niet bent en het buiten behoorlijk warm is, verplaats je zijn 

chocoladereep naar de koelkast. Het zou immers sneu zijn voor je broertje als de reep 

zou smelten. Vervolgens komt je broertje beneden, omdat hij zin heeft in een stukje 

chocolade. Als hij in de keuken komt, waar zal hij dan als eerste kijken? 

 

Juist, in de la. Dat was immers de plek waar hij de reep had verstopt. Hij wist niet dat 

jij zo aardig was de reep in de koelkast te leggen. Als je nu het juiste antwoord hebt 

gegeven, dan heb je ToM toegepast. Je hebt je verplaatst in het perspectief van je 

broertje en je gerealiseerd dat hij geen weet had van jouw hulp. 

 

Tot nu toe wordt het proces van ToM meestal als één proces beschouwd. In 

hoofdstuk 2 van dit proefschrift betogen we dat ToM eigenlijk opgedeeld moet 
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worden in twee processen. Als eerste een proces waarbij je de extra informatie die jij 

zelf hebt onderdrukt en ten tweede een proces waarbij je het perspectief van je 

broertje aanneemt. Dat betekent dat je, voordat je het juiste antwoord kunt geven 

over waar je broertje zijn chocoladereep zal zoeken, jouw eigen informatie moet 

onderdrukken. Jij weet immers waar de chocoladereep ligt! Na het onderdrukken 

van deze informatie kun je vervolgens zijn perspectief aannemen en bedenken waar 

hij denkt dat de reep ligt. 

 

In hoofdstuk 2 hebben we aangetoond dat de inferieure frontale gyrus (IFG), een 

hersengebied aan de voorzijde van de hersenen en onderdeel van de ventrolaterale 

prefrontale cortex (vLPFC), heel belangrijk is bij dit proces van onderdrukken, ook 

wel inhibitie genoemd. Een andere belangrijke bevinding die in ditzelfde hoofdstuk 

wordt besproken is dat ditzelfde hersengebied ook belangrijk is in veel simpelere 

processen van inhibitie. Bijvoorbeeld, iemand zegt tegen je: “druk op een knop”. 

Vlak voordat je daadwerkelijk drukt zegt die persoon: “STOP, niet drukken!”. 

Vervolgens moet jij de ‘motorische actie’ (namelijk het indrukken van de knop) 

stoppen. Met andere woorden je hebt de motorische respons geïnhibeerd. Dit 

impliceert dat ingewikkelde sociale processen en simpelere motorische processen 

gebruik maken van hetzelfde netwerk van hersenstructuren voor inhibitie.  

  

In hoofdstuk 3 hebben we hetzelfde experiment uitgevoerd als in hoofdstuk 2, maar 

dan bij mensen die een gevoeligheid hebben voor het ontwikkelen van een psychose 

en bij mensen die zo’n gevoeligheid niet hebben. Dit is interessant omdat is gebleken 

dat mensen met zo’n gevoeligheid ongeveer 10 keer zoveel kans hebben om 

uiteindelijk een psychotische stoornis te ontwikkelen. Als we in deze groep een 

afwijkende prestatie en/of hersenactivatie vinden, kan dit ons informatie geven over 

welke processen een rol spelen bij de ontwikkeling van een psychotische stoornis. 

We vonden dat deze beide groepen net zo veel goede antwoorden geven en ook even 

lang nadachten over hun antwoorden. Maar wat we ook vonden is dat het 

hersengebied dat betrokken was bij het onderdrukken van je eigen perspectief, de 

IFG, actiever is bij de mensen gevoelig voor psychosen. Dit impliceert dat mensen 

met een gevoeligheid voor psychosen, om net zo goed te kunnen presteren als de 

andere groep, meer aanspraak moeten maken op dit hersengebied. Met andere 

woorden, ze lijken nog te kunnen compenseren door dit gebied meer aan te 

activeren. Het zou goed kunnen dat mensen die uiteindelijk een psychose hebben 

gekregen niet meer kunnen compenseren. Als dit het geval is, dan zou je verwachten 

dat deze mensen ook minder goed zijn in het begrijpen van het perspectief van 

anderen. Uit de literatuur blijkt inderdaad dat patiënten met schizofrenie minder 

goed zijn in dit soort processen. 
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Alles is relatief… 

In hoofdstuk 4 en 5 hebben we gekeken naar andere emotionele processen, namelijk 

het omgaan met negatieve gebeurtenissen. De twee belangrijkste strategiën die 

mensen gebruiken om met negatieve gebeurtenissen om te gaan zijn herinterpreteren 

(oftewel relativeren) en onderdrukken. Uit de literatuur blijkt dat wanneer er een 

negatieve gebeurtenis plaats vindt, je maar het beste deze negatieve gebeurtenis kan 

relativeren. Dat is gezonder dan wanneer je een negatieve emotie onderdrukt. Stel je 

voor, iemand maakt een rotopmerking naar jou. In dat geval kun je dus maar beter 

denken dat deze persoon vast een rothumeur had (hij bedoelde het zeker niet zo), 

dan dat je net doet alsof je het niet hoort, zijn opmerking probeert te vergeten en je 

gezicht in de plooi houdt. In hoofdstuk 4 vonden we dat patiënten met schizofrenie 

vaker gebruik maken van de strategie om hun negatiee emoties te onderdrukken. 

Dat zou kunnen verklaren waarom patiënten er vaak wat vervlakt uitzien en minder 

emotie in hun gezicht vertonen. Maar dat betekent dus niet dat zij minder emoties 

ervaren. Sterker nog, er zijn aanwijzingen uit de literatuur dat zij misschien wel meer 

emoties ervaren dan gezonde mensen.  

In hoofdstuk 5 hebben we een experiment gedaan waarbij gezonde mensen, 

schizofrenie patiënten en familieleden van schizofreniepatiënten hebben deel 

genomen. Deze laatste groep maakt meer kans op het ontwikkelen van een psychose 

dan de gemiddelde populatie. Ze hebben immers voor een groot gedeelte hetzelfde 

genetische materiaal als hun familielid die wel een psychose heeft gehad. Het 

interessante is dat deze groep, ondanks deze gevoeligheid, geen psychose heeft 

ontwikkeld en ook geen medicijnen gebruikt die de resultaten van onze 

psychologische experimenten zouden kunnen beïnvloeden. Op deze manier kunnen 

we meer begrijpen over mogelijke afwijkingen die al aanwezig zijn voordat de 

psychose zich ontwikkelt. Alle groepen kregen plaatjes te zien van negatieve 

gebeurtenissen en kregen vervolgens de opdracht om het plaatje ofwel te relativeren, 

te onderdrukken of gewoon te ervaren en verder niets te doen. Het blijkt dat 

patiënten de vLPFC (ja, hetzelfde gebied als in hoofdstuk 2 en 3) minder activeren 

dan gezonde controles en familieleden wanneer zij een negatief plaatje relativeren. 

Familieleden laten aan de andere kant bij het relativeren juist meer activiteit zien in 

andere delen van de prefrontale cortex. Verder bleek dat alle drie de groepen in staat 

waren om de negatieve plaatjes minder negatief te maken. Maar aan de andere kant 

gaven patiënten negatievere oordelen in alle condities vergeleken met familieleden, 

en nog negatiever dan gezonde controle proefpersonen. Het lijkt dus op dat 

schizofrenie patiënten wel deels in staat zijn om negatieve gebeurtenissen te 

relativeren, maar dat dit niet voldoende is om dezelfde lage score te krijgen als 

gezonde controles. Datzelfde geldt in mindere mate voor familieleden. Alles bij 

elkaar zou het kunnen betekenen dat familieleden een compensatie mechanisme 

kunnen aanspreken om te zorgen dat hun gevoelens minder negatief zijn dan die van 

patiënten. Patiënten lijken daarentegen geen aanspraak meer te kunnen maken op 
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dergelijke compensatie mechanismen, en scoren dan ook over de gehele linie 

negatiever.  

 

Wie ben ik? 

Er zijn verschillende onderzoeken geweest naar de hersengebieden die betrokken 

zijn bij het nadenken over onze eigen karaktereigenschappen en vaardigheden. Uit 

de meeste onderzoeken blijkt een aantal hersengebieden consequent betrokken te zijn 

bij dit proces. Deze hersengebieden bevinden zich bijna allemaal langs de middenlijn 

van de hersenen en deze worden dan ook wel samengevat de corticale middenlijn 

structuren (CMS) genoemd. Voor deze onderzoeken maakt me vaak gebruik van 

zinnetjes of woorden waarop proefpersonen aangeven of deze op henzelf (en in 

sommige gevallen ook op anderen) van toepassing zijn of niet. Bijvoorbeeld: “Ik ben 

een goede vriend”; “Ik ben aantrekkelijk”; “Mijn moeder is aardig”; “In een minuut 

zitten 60 seconden”. Wij hebben de onderzoeken die goed met elkaar te vergelijken 

zijn samengevat met een meta-analyse. Om in kaart te brengen welke delen van het 

brein volgens het merendeel van de onderzoeken betrokken zijn bij zelf-reflectie gaan 

we als volgt te werk. De hersenactiviteit die gevonden wordt in de verschillende 

onderzoeken bij zinnen die betrekking hebben op algemene kennis wordt 

afgetrokken van de hersenactiviteit die gevonden wordt bij zinnen die betrekking 

hebben op jezelf. Dus:  
 
(activiteit “Ik ben een goede vriend”) – (activiteit “In een minuut zitten 60 seconden”) 

 

Bij beide zinnen moet je lezen en vervolgens een beslissing maken. In het ene geval 

gaat dat over jezelf en in het andere geval over algemene kennis. Als je deze activiteit 

vervolgens van elkaar aftrekt houd je de activiteit over die betrekking heeft op het 

nadenken over jezelf. Je kan het nog een stapje verder trekken door te kijken naar het 

verschil tussen nadenken over jezelf en nadenken over een ander. Dan ben je dus nog 

gedetailleerder aan het kijken. Je vergelijkt dan namelijk het proces van nadenken 

over jezelf met nadenken over een ander persoon. Het enige verschil is dan dus nog 

dat het gaat over jezelf in plaats van over een ander.  

Wat we zagen in de meta-analyse was dat de vergelijking zelf – algemene kennis  

activiteit liet zien in onder andere twee gebieden langs de frontale middenlijn van de 

hersenen: het deel dat zich aan de onderkant bevindt (ventromediale prefrontale 

cortex of vMPFC) en het deel dat aan de bovenkant langs de frontale middenlijn ligt 

(dorsale mediale prefrontale cortex of dMPFC). De vergelijking zelf – ander persoon uit 

de meta-analyse liet daarentegen alleen activiteit zien in de vMPFC. We concluderen 

hieruit dat de dMPFC betrokken lijkt te zijn bij het evalueren van personen in het 

algemeen, dus zowel jezelf als anderen. De vMPFC lijkt echter specifiek betrokken te 

zijn bij het nadenken over jezelf. Deze bevindingen hebben we gebruikt om een 

nieuw model te maken waarin we schematisch het zelf en ander-reflectie proces 

hebben weergegeven met de daarbij betrokken hersengebieden. Interessant is ook dat 
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we een andere hersenstructuur die betrokken is bij zelf-reflectie al eerder 

tegenkomen zijn, namelijk de vLPFC. We komen later terug op wat dit zou kunnen 

betekenen. 

 Eén van de onderwerpen die we verder nog bespreken in dit hoofdstuk is wat 

er gebeurd wanneer dergelijke zelf-reflectie processen verstoord zijn. Interessant 

genoeg wijst ander onderzoek uit dat patiënten die beschadigingen hebben in de 

CMS, moeilijkheden hebben bij het evalueren van hun problemen. Zij overschatten 

vaak hun eigen capaciteiten en prestaties. Het is goed mogelijk dat fouten in het 

evaluatieproces niet alleen invloed hebben op je eigen oordeel over jouw capaciteiten 

en prestaties, maar ook op bijvoorbeeld hoe patiënten met psychiatrische stoornissen 

kijken naar hun eigen situatie en hun stoornis. Deze gedachtegang is al bevestigd bij 

mensen die cognitieve problemen hebben met een verhoogd risico op Alzheimer. Bij 

deze mensen was er een relatie tussen hun besef dat ze beperkingen hebben en de 

activiteit in de CMS. De verwachting is dan ook dat dit soort patronen ook naar 

voren komen wanneer dergelijk onderzoek wordt gedaan bij patiënten met 

schizofrenie en bipolaire stoornis. Wanneer patiënten een verminderd besef hebben 

van de beperkingen die kunnen worden toegeschreven hun de stoornis, of zelfs niet 

beseffen dat er überhaupt sprake is van een ziekte, spreekt men van slecht ziekte-

inzicht.  

 

Hoezo ziek? 

Een gebrek aan ziekte-inzicht is een veelvoorkomend verschijnsel bij patiënten met 

een psychotische stoornis. In mindere mate geldt dit ook voor andere psychiatrische 

stoornissen. Het zorgt voor grote problemen in de omgang met familieleden en 

andere naastbetrokkenen. Een gebrek aan ziekte-inzicht is ook een klinisch relevant 

probleem, omdat het vaak leidt tot een verminderde therapietrouw. Patiënten met 

een gebrekkig inzicht ontkennen of bagatelliseren hun ziekte, en zijn niet geneigd om 

de aanwezige symptomen toe te schrijven aan een psychiatrische stoornis. 

 In de hoofdstukken 7 en 8 hebben we gekeken naar de factoren die 

samenhangen met slecht ziekte-inzicht bij patiënten met schizofrenie (hoofdstuk 7) 

en een bipolaire stoornis (hoofdstuk 8). Uit de literatuur weten we dat er een 

significante relatie bestaat tussen cognitief functioneren en ziekte-inzicht, maar dat 

deze relatie beperkt is. Dat betekent dat er andere factoren moeten zijn die een rol 

spelen bij slecht ziekte-inzicht. Het zou kunnen dat  de ernst van de symptomen 

samenhangt met slecht ziekte-inzicht. Gevoelsmatig klinkt dit logisch en er is 

inderdaad wel een relatie tussen ernst van symptomen en slecht ziekte-inzicht 

gevonden. Maar ook deze relatie is beperkt. In hoofdstuk 7 zijn we op zoek gegaan 

naar factoren die, naast cognitieve factoren en symptomen van de ziekte, een relatie 

hebben met ziekte-inzicht. Het blijkt dat sociale processen, namelijk de vaardigheid 

om je te verplaatsen in een ander (waar we het in het begin over hadden) en de 

vaardigheid om emoties te herkennen, samenhangen met ziekte-inzicht. Als je je 

verplaatst in het perspectief van anderen kun je van een afstandje naar jezelf kijken. 
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Op deze manier kun jezelf proberen te zien zoals anderen jou zien. Met andere 

woorden, als je de symptomen die je ervaart en de gevolgen van je stoornis vanuit 

andermans perspectief kunt bekijken, kan dit leiden tot beter ziekte-inzicht. Deze 

relatie blijft bestaan als we corrigeren voor de invloeden van cognitieve factoren en 

ernst van symptomen op ziekte-inzicht.    

Uit de resultaten van hoofdstuk 8 blijkt eigenlijk dat een vergelijkbaar verband 

bestaat voor ziekte-inzicht bij bipolaire stoornis. In dit hoofdstuk hebben we laten 

zien dat patiënten met minder goed inzicht slechter presteren op een psychologische 

taak die emotioneel leren meet. Wij concluderen dat de vaardigheid om sociale hints 

uit de omgeving op te kunnen pikken, samenhangt met de vaardigheid om 

emotionele en niet-emotionele gebeurtenissen te koppelen (emotioneel leren). Als je 

hier minder goed in bent, zou dit in de weg kunnen staan van pogingen om sociale 

en omgevingsinformatie te gebruiken. Je zou daardoor moeite kunnen hebben met 

op jezelf te reflecteren en je uiteindelijk te realiseren dat er misschien wel iets met je 

aan de hand is. Naast emotioneel leren vonden we ook een relatie tussen ziekte-

inzicht en cognitieve factoren zoals geheugen en cognitieve verwerkingssnelheid. 

Deze relatie tussen ziekte-inzicht en cognitieve verwerkingssnelheid was alleen 

aanwezig bij patiënten met een bipolaire stoornis die ooit in het verleden een 

psychose hebben gehad. Bij deze patiënten zagen we dat hoe sneller de 

verwerkingssnelheid, hoe minder goed het ziekte-inzicht. Dat zou kunnen betekenen 

dat er een relatie is tussen impulsiviteit en het overhaast conclusies trekken en ziekte-

inzicht. Dus hoe meer tijd iemand neemt om mogelijke alternatieve verklaringen te 

bedenken voor abnormale ervaringen, hoe beter het ziekte-inzicht. Echter, voor deze 

verklaring is het bewijs in hoofdstuk 8 niet voldoende. Hier zou nader onderzoek 

naar gedaan moeten worden. 

Uiteindelijk blijkt uit hoofdstuk 7 en 8 dat er geen sprake is van één specifieke 

factor die samenhangt met slecht ziekte-inzicht, maar dat het een complex concept is 

waarbij zowel sociale als cognitieve als ziekte factoren een belangrijke rol spelen.  

 

Wordt vervolgd... 

Uit de hoofdstukken 2, 3, 5 en 6 blijkt dat de vLPFC een belangrijke rol speelt bij 

sociale en emotionele processen. We hebben laten zien dat deze hersenstructuur een 

rol speelt bij: 1) het onderdrukken van je eigen perspectief, zodat je andermans 

perspectief goed kan begrijpen, 2) het relativeren van negatieve gebeurtenissen en 3) 

het evalueren van je eigen karaktereigenschappen en vaardigheden. We hebben ook 

laten zien dat schizofrenie patiënten deze structuur minder activeren dan gezonde 

familieleden en gezonde controle proefpersonen wanneer ze negatieve 

gebeurtenissen relativeren. Uit de literatuur blijkt dat dit gebied in patiënten met 

schizofrenie ook minder actief is een scala van andere sociale processen zoals het 

maken van een onderscheid tussen zelf gegenereerde stimuli en stimuli die van 

buiten komen, het herkennen van hun eigen gezicht en de perceptie van het eigen 

lichaam. Mogelijk kan toekomstig onderzoek waarbij dit deel van de hersenen wordt 
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gestimuleerd door middel van bijvoorbeeld magnetische pulsen (transcraniële 

magnetische stimulatie of TMS) positieve effecten hebben op de sociale 

vaardigheden die zijn besproken in dit proefschrift bij patiënten met schizofrenie en 

een bipolaire stoornis.  

 

Op dit moment doen wij binnen het kader wat is gepresenteerd in dit proefschrift 

verder onderzoek naar deze sociale en emotionele processen bij patiënten met 

schizofrenie en een bipolaire stoornis. We onderzoeken de onderliggende neurale 

mechanismen die betrokken zijn bij slecht ziekte-inzicht in deze patiënten. Op basis 

van de resultaten van dit proefschrift verwachten we een relatie te vinden tussen 

ziekte-inzicht en hersenactiviteit in de mediale en laterale delen van de frontale 

cortex (de vLPFC, vMPFC en dMPFC). Verder exploreren we de relatie tussen ziekte-

inzicht en connectiviteit in de hersenen. Hierbij kijken we naar de communicatie 

tussen de verschillende hersenstructuren. Daarnaast kijken we naar de relatie tussen 

meta-cognitie en ziekte-inzicht. Dat wil zeggen, in hoeverre is iemand in staat zijn 

eigen prestatie en vaardigheden te beoordelen. Hiermee borduren we voort op 

eerder onderzoek wat inderdaad een effect heeft gevonden tussen dergelijke 

vaardigheden en ziekte-inzicht.  

Tenslotte kunnen de resultaten die gepresenteerd zijn in dit proefschrift 

gebruikt worden in de ontwikkeling van klinische interventies om de sociale en 

emotionele processen, waarin psychiatrische patiënten problemen ondervinden, te 

verbeteren. Dit kan zowel de ontwikkeling van gedragsmatige therapieën zijn, maar 

ook in andere vormen van behandeling zoals TMS en medicatie die specifiek gericht 

zijn op de hersenstructuren die betrokken zijn bij sociale en emotionele processen. 
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Eindelijk is het moment aangebroken dat ik kan beginnen met het schrijven van mijn 

dankwoord! Over dit hoofdstuk fantaseer je op momenten dat het even tegen zit, je 

een kritische review moet verwerken of als je om andere redenen verlangt naar het 

eindelijk bereiken van dat doel, het proefschrift. Nu is dat doel bereikt en kan ik 

andere doelen stellen. Maar natuurlijk niet voordat ik een aantal mensen heb bedankt 

die ieder op hun eigen manier hebben bijgedragen aan de totstandkoming van dit 

boek.  

 

Veel dank ben ik verschuldigd aan jou, André. In de afgelopen vier jaar heb ik 

ongelooflijk veel van jou geleerd. Altijd kon (en kan) ik bij jou binnenlopen om te 

overleggen over vreemde resultaten, rare reviewers of andere inhoudelijke en 

schrijftechnische tips. Jouw enthousiasme voor het onderzoek en je kennis van de 

literatuur zorgden er vaak voor dat ik, als ik er soms zelf niet helemaal meer uit 

kwam, toch weer met goede moed aan de slag ging. Ook jouw betrokkenheid bij de 

toekomst van de jonge onderzoekers uit jouw onderzoeksgroep heb ik heel erg 

gewaardeerd. Vele malen stuurde jij ons met een hele club naar congressen over de 

hele wereld. Dit zijn bijzondere en leerzame ervaringen geweest en hebben zeker 

bijgedragen aan mijn ontwikkeling als wetenschapper.  

 

Ook jou, Willem, wil ik graag bedanken voor je betrokkenheid bij mijn project. 

Hoewel het “grote inzichtsproject” wat later van start ging dan in eerste instantie 

gepland, heb je vanaf het begin van mijn traject aangegeven dat ik altijd langs kon 

komen voor hulp of advies. Ook jouw snelle antwoord op de manuscripten die ik je 

toestuurde heb ik erg gewaardeerd evenals natuurlijk het inhoudelijk commentaar 

op de tekst. 

 

Marieke, hoewel jij pas later als copromotor betrokken werd bij mijn project, ben ik 

jou ontzettend veel dank verschuldigd. Niet alleen voor je inhoudelijke en tekstuele 

commentaar op de manuscripten, maar ook voor de kans die je me gegeven hebt om 

toch nog een klinische stage te lopen bij het psychosecircuit in Assen. Ook alle tips en 

adviezen die ik van je heb gekregen op het gebied van salarisonderhandelingen, 

studentenbegeleiding en patiëntencontact zijn voor mij erg waardevol geweest. Ik 

verheug me op een verdere samenwerking in de toekomst. 

 

Dear Tony, special thanks go out to you. Thank you for welcoming me in your lab in 

London, for being here on my defense and for presenting on the symposium. I have 

learned a lot from working with you in London and hope that we can continue our 

cooperation in the future.  

 

De leden van de leescommissie wil ik graag bedanken voor het kritisch lezen en 

natuurlijk het goedkeuren van het manuscript. 
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Twee mensen hebben op een bijzondere manier bijgedragen aan dit proefschrift. 

Peter, fantastisch om te zien wat een creatieve geest in een mum van tijd tevoorschijn 

tovert!! Een prachtige omslag voor dit proefschrift. Mooier dan ik had durven 

dromen, dank je wel!4 En natuurlijk Berber, wat een werk om al die hersenen van 

figuur 1 van dit proefschrift te maken. Geweldig dat je dit voor mij hebt gedaan en 

wat zijn ze goed gelukt!! Wie weet vind je nog eens een carrière in de wereld van de 

illustratie! 

 

Marte en Leonie, ik vind het heel fijn dat jullie mijn paranimfen zijn. In de laatste 

periode op het NIC hebben we veel gedeeld, al dan niet onder het genot van een 

kopje zelf gezette heerlijke Senseo koffie. Eigenlijk alles passeerde de revue, zowel 

persoonlijke als wetenschappelijke perikelen. Het laatste congres met jullie in 

Florence vond ik supergezellig. Jammer dat dat er voorlopig in dezelfde 

samenstelling niet in zit! Leonie, jou wil ik nog in het bijzonder bedanken voor al je 

hulp bij de inclusie van patiënten! Geweldig hoe je je best gedaan hebt voor ons. 

 

Ook mijn andere kamergenootjes op het NIC, eerst Edith, Ans en Marjolijn, en later 

Nynke, bedankt! Hoe fijn is het om tussendoor even stoom af te blazen, bij te kletsen 

over het weekend, gewoon even te pauzeren of tips te krijgen voor je manuscript. 

Nynke, jij in het speciaal bedankt. Je hebt heel veel bijgedragen aan de 

totstandkoming van dit proefschrift. Niet alleen in de data verzameling en analyses, 

maar ook heb je meegeschreven aan de hoofdstukken 2 en 3 van dit proefschrift.  

 

Natuurlijk mogen ook de dolma dames (of eigenlijk nu ook pasta prinsessen) in mijn 

dankwoord niet ontbreken, Harma, Jojanneke, Marleen, Anne-Marthe, Marte, 

Leonie en Ans. Heerlijk om je eigen eten vanaf scratch in elkaar te knutselen en dan 

om een uur of 10 ’s avonds eindelijk op te eten ☺. 

 

Ook alle Cognies en andere collega’s op het NIC, Ruud, Brani, Esther, Sima, Marie-

José, Piotr, Eline, Michelle, Paolo, Jorien, Bertus, Katharina, Ramona, Gemma, 

Luca, Sander en Jan-Bernard wil ik graag bedanken. Zoveel leuke, jonge 

onderzoekers op een gang, dat zorgt voor de broodnodige afleiding tijdens al dat 

serieuze “gewetenschap”.   

 

Onmisbaar in de opzet, uitvoering en dataverwerking waren alle studenten die 

hebben meegedraaid op de projecten die uiteindelijk hebben geleid tot dit 

proefschrift. Nynke, Jorien, Elise, en Annemarie, bedankt voor jullie inzet en 

enthousiasme. Zonder jullie was het niet gelukt. Ook alle REFLEX studenten wil ik 

graag bedanken, in het bijzonder Michel, Annerieke, Charlotte, Renske, Rozanne, 

Milou en Remzi. Dankzij jullie gezamenlijke inspanning hebben we voldoende 

patiënten kunnen werven en scannen voor het onderzoek. 

                                                
4
 Voor alle geinteresseerden, kijk ook eens op www.hehallo.nl. Daar vind je meer van Peters werk!  
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Anita, in de afgelopen vier jaar hebben we ontzettend veel gekletst. Niet alleen heb je 

het gros van onze proefpersonen gescand en heb je me leren scannen, maar ook 

voorzag je mij tijdens het scannen van dropjes, roddels en advies over alle mogelijke 

onderwerpen. Ik vind het jammer dat we eigenlijk nooit meer samen in de kelder 

zitten, maar gelukkig kom je nog wel eens buurten op kamer 120! Ook Judith wil ik 

natuurlijk graag bedanken voor het scannen van onze proefpersonen en voor haar 

geduld met onze patiënten.  

 

Remco, zonder jouw hulp had ik werkelijk met mijn handen in het haar gezeten. Ik 

vind het ongelooflijk met hoeveel geduld jij keer op keer vragen kunt beantwoorden 

en de meest ingewikkelde dingen zo goed kan uitleggen. Voor een psycholoog zijn 

dit soort dingen soms echt abracadabra, maar dankzij jou heb ik heel veel geleerd! 

 

Schrijven is soms een eenzame aangelegenheid. Ik heb daarom het schrijven van 

artikelen in gedeelde eerste auteurschappen heel erg prettig gevonden. Marieke, 

onze samenwerking verliep ongelooflijk soepel. Het was gezellig, constructief en erg 

nuttig om op deze manier samen een artikel te schrijven. Ik zou zeggen, voor 

herhaling vatbaar!! Datzelfde geldt voor onze samenwerking Marte, heerlijk om te 

merken dat als je elkaar aanvult, schrijven soms heel snel kan gaan! 

 

Beste Hedwig, bijna alle dagen was je er wel om even een praatje te maken. Even wat 

stoom af te blazen of gewoon over dagelijkse dingen kletsen, en dan het liefst op z’n 

Grunnings! Ik kon ook altijd bij jou terecht om even wat te grappen en ouwehoeren, 

heerlijk! Natuurlijk heel veel dank voor alle hulp gedurende mijn traject op het NIC, 

maar vooral ook voor je hulp bij de organisatie van het symposium. Dames van BCN, 

Diana, Janine en Evelien, dank jullie wel dat jullie zoveel cursussen en symposia 

organiseren voor alle promovendi en studenten.  

 

Peter Albronda, de afgelopen jaren hebben we werkgewijs niet veel samengewerkt, 

maar hebben we elkaar gelukkig nog steeds regelmatig gesproken. Ik vind het altijd 

heel leuk om met jou te kletsen over heerlijk eten en lekkere wijntjes. Ik hoop nog 

heel veel goede recepten & tips van je te krijgen in de toekomst! 

 

Wat doet men na een promotie als psycholoog? Wetenschap, kliniek, of misschien 

een combinatie? Rikus, dankzij jou kwam ik in contact met Lentis ®. Jij hebt mij in 

contact gebracht met verschillende mensen binnen Lentis, waardoor ik uiteindelijk 

op mijn nieuwe werkplek in Zuidlaren terecht kwam. Maar niet alleen daarvoor ben 

ik je dank verschuldigd. Je hebt heel veel geholpen bij de opzet van de patiënten 

studies en het onderhouden van de contacten met de behandelaren. Ontzettend veel 

dank daarvoor, ik heb heel veel van je geleerd. 

 

Gedurende een jaar kreeg ik de kans om een klinische stage te lopen bij het 

psychosecircuit van de GGZ Drenthe, in Assen. Beste Marieke, Frederiec, Jikkelies, 
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Johan en Cees, dank jullie wel voor jullie vertrouwen in mij, ik heb veel geleerd van 

de kansen die ik bij jullie gekregen heb. Cees, dank je wel dat je me kennis hebt laten 

maken met zoveel bijzondere mensen en verhalen. Ik heb ongelooflijk veel 

opgestoken van jouw ervaring en kennis. 

 

De behandelaren van GGZ Friesland, UCP, GGZ Drenthe en Lentis wil ik graag 

bedanken voor hun hulp bij het includeren van patiënten voor het onderzoek. Ook 

Stynke, Erna van ’t Hag, Roeline Nieboer, dank jullie wel voor jullie hulp! Zonder 

jullie zou het zo veel moeizamer geweest zijn!  

 

Natuurlijk was er niets van dit proefschrift terecht gekomen zonder alle 

proefpersonen die bereid zijn geweest alle taken te ondergaan en plaats te nemen in 

de scanner. Ook de openhartigheid tijdens de interviewsessies heb ik als heel 

bijzonder ervaren. Hartelijk dank! 

 

Een promotietraject gaat zelden over rozen. Ook ik heb mijn ups en downs gehad. Ik 

prijs mij gelukkig dat er een aantal mensen zijn geweest bij wie ik keer op keer 

terecht kon om mijn hart te luchten en met wie ik weer even iets leuks kon doen om 

deze ‘downs’  te vergeten. Marian & Nicolas, Margriet, Froukje, Marianne, Gijs, 

Jacolien, Jan en alle andere huisgenoten van de WA bij jullie kon ik altijd terecht. 

Dank jullie wel! 

 

Wat is er heerlijker om even alles van je af te zetten dan sporten. Lieve hockeydames, 

dankzij jullie was het sporten niet alleen lichamelijk heerlijk, maar ook het lachen, en 

ouwehoeren tijdens de trainingen en wedstrijden zijn fantastisch om even alles los te 

laten. Ik hoop dat we nog heel lang met z’n allen zo door gaan!  

 Ook het vertier op de thannusclub heeft voor heel wat leuke dagen, avonden 

en nachten gezorgd! Marie-Claire, Babs, Star, Rose, Marie-Angel, Sarah-Lisa, 

Carina, Peter en Mariëlle, we hebben ons kostelijk geamuseerd op het terrein, en ik 

hoop dat we weer een uitstekend seizoen tegemoet gaan en vele ballen zullen 

mappen! 

 

Om mijn blik wat te verbreden, nam ik enige tijd zitting in het bestuur van het 

Promovendi Netwerk Nederland. Hier heb ik heel veel dingen geleerd die niets te 

maken hebben met het doen van onderzoek. Ik wil mijn medebestuursgenoten graag 

bedanken voor alle bestuurlijke, lobby en netwerk lessen die ik heb geleerd! In het 

bijzonder Gertjan, Elizabeth en Leonie, jullie inhoudelijke en bestuurlijke kennis is 

onovertroffen. Ik vond de samenwerking geweldig! 

 

Ook mijn schoonfamilie, Tilly, Henk, Bert, Mare, Frank, Lara & Joanna, wil ik graag 

bedanken voor alle interesse in mij en in mijn project. Ik voel me altijd welkom bij 

jullie, een echte tweede familie! 
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Van ongelooflijk belang in alles zijn jullie, pap, mam, Nina en Mar. Jullie niet 

aflatende steun en vertrouwen heeft mij heel veel moed gegeven om aan dit project 

te beginnen en het succesvol af te ronden. Het is niet altijd makkelijk geweest de 

afgelopen jaren, maar desondanks kon ik altijd op jullie steun rekenen. Dank jullie 

wel!  

 

Zonder jou lieve Marten was denk ik alles in het honderd gelopen. Jouw vertrouwen 

in mij en je hulp en steun bij zoveel dingen rondom mijn promotie en proefschrift 

zijn van onschatbare waarde geweest. Niet alleen je steun bij mijn promotie, maar 

ook alle leuke en bijzondere dingen de we gedaan en meegemaakt hebben zijn de 

afgelopen jaren ontzettend belangrijk voor me geweest. Ik hoop dat we in de 

toekomst onze dromen kunnen najagen. Ik heb er in elk geval ontzettend veel zin in!   

 

 

 

 

 

         

 

 

 

         

 

 

   

 

   

 

 

 


