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General introduction

1. GENERAL INTRODUCTION

Humans are social creatures. We grow up in societies and spend most of our waking life 
in the company of classmates, colleagues, friends, partners, family and others. Social 
cognitive skills help us to obtain food, protection and mates in these social environments 
and people with good social skills are likely to be healthier and live longer (Cohen 2004; Silk 
et al 2003). Sadly, poor social cognitive skills are among the core features of schizophrenia 
(Bellack et al 1990; Pinkham et al 2003) and as a result patients with schizophrenia 
often have difficulties with communicating with others, maintaining employment and 
functioning in the community. What is more, impaired social cognition can result in a lack 
of social support  or in social isolation, making it one of the most disabling features of the 
disease (A.P.A. 1994; Couture et al 2006) Broadly, the research described in this thesis was 
intended to answer questions about the abnormalities in social cognitive functioning that 
are commonly seen in patients with schizophrenia. 

Normally, a general consensus exists in each research field, about the phenomena 
that are studied, how they should be studied and the way in which results should be 
interpreted. Such a general consensus is often specific to a research field and subject to 
constant change as a result of new findings and changing cultural backgrounds. Science, 
being part of culture, is subject to trends and whims similarly to fashion, art and literature. 
Typically, the underlying assumptions of a research community are not made explicit 
in research articles and only become visible from a historical perspective or to people 
foreign to a particular research field. This introductory chapter is an attempt to provide a 
background to the studies that are presented in this thesis.

1.1 Social cognition
The studies that will be presented here can be filed under ‘social cognitive neuroscience’, 
which is a relatively new scientific discipline. When the study of cognition emerged as a 
discipline in psychology during the 1960s, it was for a large part inspired by the computer 
metaphor and characterized by the view that human cognition can be regarded as a 
form of information processing, closely resembling the way electronic computers process 
information (Miller 2003). The main focus of cognitive psychology at the time was to study 
how humans gather, store, manipulate and interpret external information and one of the 
defining features of early cognitive psychology was a de-emphasis of emotional and 
affective factors (Gardner 1987; Lazarus 1991). An important philosophical position during 
the establishment of cognitive science is called functionalism and this position holds 
that cognitive functions carried out by different machines reflect the same underlying 
process (Putnam 1960). For many years cognitive scientists have used the functionalist 
viewpoint to study the mind without reference to the brain, because they considered 
mental operations to be identical at a functional level, regardless of whether they are 
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generated by a human brain or an electronic computer. During the last two decades 
however, new neurophysiological and neuroimaging techniques have been developed 
that enable us to study the human mind and how it is implemented at a neural level and 
these developments have given rise to cognitive neuroscience (Posner et al 2001). The rise 
of the cognitive neuroscientific approach has led to a gradual increase in communication 
and integration of levels of analysis between the rapidly developing fields of cognitive 
psychology, neuropsychology, neurobiology, evolutionary biology and computer science 
(Berntson and Cacioppo 2000; Blakemore et al 2004). With the introduction of a more 
biological perspective in cognitive science, new models of human cognition based on 
animal models were postulated and some of these animal models emphasized the role of 
social and emotional processes in cognition (Damasio 1994; LeDoux 1996; LeDoux 2000). 
In the past few years, interest in the neural and socioemotional  aspects of cognition has 
grown enormously, and a new discipline within cognitive neuroscience has emerged that 
has been aptly called ‘social cognitive neuroscience’ (Ochsner and Lieberman 2001). In 
the broadest sense, the term social cognition refers to any cognitive process that involves 
conspecifics, either at a group-level or on a one-to-one basis (Beer and Ochsner 2006; 
Blakemore et al 2004). Social cognitive processes are likely to occur at automatic and 
controlled levels of processing (Beer and Ochsner 2006) and are underlying the set of 
skills that are needed to manage social relationships effectively. These skills roughly fall 
in the following categories: emotion perception, social perception, emotion regulation, 
theory of mind and attribution.

1.2 Specialized brain areas for social cognition
Arguably, the most important factor that caused the explosive development in social 
neuroscience has been the recognition that evolution not only endowed us with simple 
reflexes, but also sculpted the awesome information processing capacities of the higher 
levels of the brain (Berntson and Cacioppo 2000). When Charles Darwin set out the theory 
of evolution by natural selection in ‘On the origin of species’, he predicted that “in the 
distant future… psychology will be based on a new foundation, that of the necessary 
acquirement of each mental power and capacity by gradation” (Darwin 1995(1859)). Like 
many other animals, humans are a social species. However, compared to other animals we 
lead exceptionally complex social lives and it has been suggested that social dynamics 
and the competition for social position in human societies have been a major driving 
force in the evolution of the human brain (Chance and Mead 1953). With regard to social 
cognition, there is a general consensus that the human brain contains highly specialized 
social cognitive and emotional systems that have evolved because of increasingly complex 
social pressures (Brothers 1990).

It should be noted here that the debate as to whether cognitive operations are 
localized in specialized brain areas or distributed across networks of brain areas has been 
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a major theme throughout the history of cognitive neuroscience. This issue has become 
particularly urgent with the advent of neuroimaging techniques such as positron emission 
tomography (PET) and functional magnetic resonance imaging (fMRI), because these 
techniques provide us with spatial maps of brain areas that are active during a variety of 
cognitive tasks. In recent years, three major types of approach to functional specialization 
have been adopted: local, global and network (Cabeza and Nyberg 2000). The local 
approach relates the role of each brain area to a process within a cognitive domain of 
interest, such as social cognition. The global approach relates the role of each brain area to 
a more general process, which can be involved across various cognitive domains, such as 
attention. The network approach, finally, interprets the role of a brain area in the context 
of a network of other brain areas that are involved in the same task (McIntosh 2000). In 
this latter view, the functional role of a brain area, at least in part, depends on the neural 
context, or the pattern of interactions with other brain areas. All three approaches are 
important, and complement each other.

During the past decade, numerous studies have adopted the social cognitive 
neuroscience approach, providing us with a wealth of information on the implementation 
of social cognition in the human brain. It has become clear that a network of both cortical 
and subcortical brain areas is consistently involved during social cognitive processes. 
This network includes the amygdala, the (orbitofrontal) prefrontal cortex, the superior 
temporal sulcus, the insular cortex and areas in the fusiform gyrus. Below I will give a 
concise description of the putative roles of these areas during social cognitive processes.

To date, the most thoroughly studied brain area within this network has been the 
amygdala. The amygdala is a bilateral almond-shaped collection of nuclei in the medial 
temporal lobe, which, due to direct afferent connections from the thalamus, has access 
to perceptual information before it reaches the cortex. This allows the amygdala to swiftly 
process salient emotional stimuli and its extensive connections throughout the brain 
enable it to influence subsequent processing by modulating activity in other brain areas 
thought to be involved in social and cognitive functions, such as activity in the prefrontal 
and sensory cortices and the hippocampus (LeDoux 1996; Phelps 2006). The amygdala is 
known to play a role in emotional reactions, emotional learning, memory, attention and 
perception, and is been consistently found to be activated by face-stimuli. Interestingly, 
the amygdala can be activated automatically by unattended emotional stimuli (Ohman 
et al 2007). The amygdala has connections with the orbitofrontal cortex (OFC), a cortical 
region which is also commonly activated during social cognitive tasks. 

The OFC is involved decoding and outcome monitoring of reinforcers (Elliott et al 
2000; Kringelbach and Rolls 2004) and in animals the OFC has been found to play a role in 
reversal learning, which takes place when established response tendencies are altered in 
the face of changing outcome expectancies, for example in discrimination tasks. Animals 
and humans with damage to the OFC have been shown to be slower at acquiring reversal 
(Bechara and Van der Linden 2005; Chudasama et al 2007; Chudasama and Robbins 
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2003; Fellows 2006). Furthermore, neurological patients with damage to the OFC display 
abnormalities in emotion, affect, and (social) decision-making (Bechara and Van der 
Linden 2005; Damasio 1994). Across studies, activity of the medial OFC is associated with 
representation of reward, while the lateral OFC is associated with punishment (Kringelbach 
and Rolls 2004). 

The superior temporal gyrus (STS) has been conceptualised as an association area 
involved in the interpretation of the behaviour of others (Brothers 1990; Frith and Frith 
2003) and neuroimaging studies have demonstrated STS activation during tasks that 
require interpretation of gaze direction (Pelphrey and Morris 2006) or actions of others 
(Puce and Perrett 2003). 

The insular cortex is implicated evaluation, experience and generation of internally 
generated emotional states, most notably disgust (Reiman et al 1997; Sprengelmeyer et al 
1996; Winston et al 2002) and it has been found that the observation of disgust in others 
automatically activates the same sites in the anterior insular cortex as those that are 
activated during the personal experience of disgust (Wicker et al 2003). This latter finding 
is important, since it indicates that the insular cortex plays a role in empathy, i.e. to ability 
to perceive, recognize feel directly what others feel. In addition, an association between 
increased activity within the insular cortex and rejection of unfair offers has been found, 
using a socio-economic decision-making task (Sanfey et al 2003). 

In humans, face perception activates a bilateral region in the human fusiform gyrus 
(Clark et al 1996; Haxby et al 2002). This area has been shown to be specifically involved 
in the processing invariant aspects of faces and in establishing their unique identity 
(Hoffman and Haxby 2000). As the human face is a commonly used stimulus in social 
cognition research, activity in the fusiform area is often reported in the social cognitive 
neuroscientific literature.

1.3 Abnormal social cognition
In the case of disruptions of the functioning of the areas described above, deficits in social 
cognition and behaviour may occur. Such deficits in social cognition have been reported 
in people with brain lesions as well as in psychiatric disorders such as autism, affective 
disorders and schizophrenia. The current thesis is concerned with exploring the deficits in 
social cognition in schizophrenia, which have been well documented (Bellack et al 1990; 
Kee et al 2003; Penn et al 1997b; Pinkham et al 2003). Since deficient social cognition 
and the resulting abnormal social behaviour can lead to isolation, it is considered to be 
one of the most disabling features of schizophrenia (A.P.A. 1994). Indeed, deficits in social 
cognition have been found to strongly determine the functional outcome of schizophrenia, 
partly due to the impact on vocational and social outcome (Kee et al 2003; Mueser et al 
1996; Penn et al 1996b). Importantly, social cognitive deficits cause considerable distress 
in patients as well as their families and their social environments. For these reasons, 
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research of the neural substrates that underlie social cognitive deficits in schizophrenia 
is crucial. Increased understanding of the nature and underlying factors of disruptions in 
social cognition could potentially provide important leads for the development of more 
effective and specific treatments.

1.4 Schizophrenia
Schizophrenia is a devastating, chronic psychiatric disorder which affects approximately 
one percent of the population during their lifetime in all cultures (Gottesman and Bertelsen 
1989). Typically, schizophrenia is disabling to the patient, due to a dramatic impact on 
cognition, emotion and (social) behaviour. The disorder is characterised by a complex and 
heterogeneous set of symptoms and this is why psychiatry has produced not less than 
40 definitions of the disease since the introduction of the concept of schizophrenia by 
Kraepelin and Bleuler (Jansson and Parnas 2007). Contemporary diagnostic tools such as 
the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (A.P.A. 
1994)) and the ICD-10 (International Classification of Diseases, Tenth Edition (Organisation 
1993)) list symptoms such as hallucinations, delusions, disorganized speech, disorganized 
or catatonic behaviour, affective flattening, alogia (lack of speech) or avolition (lack 
of motivation) (A.P.A. 1994), see table 1. Yet, even though these operational diagnostic 
criteria are widely considered as scientific achievements, it is important to keep in mind 
that they have been shaped more by pragmatic needs than by their scientific foundations 
(Jansson and Parnas 2007). 
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A Characteristic symptoms: Two (or more) of the following, each present for a 
significant portion of time during a 1-month period (or less if successfully treated):
1. delusions
2. hallucinations
3. disorganized speech (e.g., frequent derailment or incoherence) 
4. grossly disorganized or catatonic behavior 
5. negative symptoms, i.e. affective flattening, alogia, or avolition 
Note: Only one Criterion A symptom is required if delusions are bizarre or hallucinations 
consist of a voice keeping up a running commentary on the person’s behavior or 
thoughts, or two or more voices conversing with each other. 

B Social/occupational dysfunction: For a significant portion of the time since the
 onset of the disturbance, one or more major areas of functioning such as work, 
interpersonal relations, or self-care are markedly below the level achieved prior to the 
onset (or when the onset is in childhood or adolescence, failure to achieve expected 
level of interpersonal, academic, or occupational achievement)

C Duration: Continuous signs of the disturbance persist for at least 6 months. 
This 6-month period must include at least 1 month of symptoms (or less if successfully 
treated) that meet Criterion A (i.e., active-phase symptoms) and may include periods 
of prodromal or residual symptoms. During these prodromal or residual periods, the 
signs of the disturbance may be manifested by only negative symptoms or two or more 
symptoms listed in Criterion A present in an attenuated form (e.g., odd beliefs, unusual 
perceptual experiences)

D Schizoaffective and Mood Disorder exclusion: Schizoaffective Disorder and 
Mood Disorder With Psychotic Features have been ruled out because either (1) no Major 
Depressive Episode, Manic Episode, or Mixed Episode have occurred concurrently with 
the active-phase symptoms; or (2) if mood episodes have occurred during active-phase 
symptoms, their total duration has been brief relative to the duration of the active and 
residual periods

E Substance/general medical condition exclusion: The disturbance is not due to 
the direct physiological effects of a substance (e.g., a drug of abuse, a medication) or a 
general medical condition

F Relationship to a Pervasive Developmental Disorder: If there is a history of Autistic 
Disorder or another Pervasive Developmental Disorder, the additional diagnosis of 
schizophrenia is made only if prominent delusions or hallucinations are also present for 
at least a month (or less if successfully treated).

Table 1. Diagnostic criteria for schizophrenia (DSM-IV)

1.4.1 Phenomenology
The defining positive and negative symptoms of schizophrenia can impact a patient’s 
thoughts, feelings, speech and behaviours. Positive symptoms, which are called positive 
because they are an addition to the normal repertoire of experiences and feelings, 
include hallucinations, such as voices ‘in the head’ and delusions, which are often 
paranoid in nature. Negative symptoms, which derive their name from the fact that 
they are a subtraction from the normal repertoire of experiences and feelings, include 
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flattened affect, loss of will or drive and social withdrawal. Schizophrenia patients also 
commonly suffer from disorganised thought, which manifests itself in abnormal speech 
and behaviour. However, no single sign or symptom can lead to a definitive diagnosis 
with schizophrenia, as symptoms are required to be present for significant portion of one 
month and some must be present for at least six months (Schultz et al 2007).

In addition to these positive, negative and disorganised symptoms, schizophrenia 
is also characterized by a generalized cognitive impairment, and pronounced deficits are 
observed in the domains of memory, executive functioning and attention (Aleman et al 
1999; Sitskoorn et al 2003). As an example, patients typically score lower on intelligence 
tests, and one of the most established facts of the neuropsychological literature is a 
decline in IQ scores by approximately 2/3 of a standard deviation compared to test 
standardisation populations (Aylward et al 1984). Both Kraeplin and Bleuler considered 
cognitive impairment to be integral to the disorder (Aleman et al 1999) and cognitive 
deficits correlate highly with functional outcome (Addington and Addington 1999). Yet, 
cognitive impairment is not listed as one of the formal symptoms of schizophrenia in the 
DSM-IV, mainly motivated by enhancement of diagnostic precision and reliability.

As well as with generalized cognitive impairments, schizophrenia is associated with 
specific social cognitive impairments, the subject of the present thesis. Deficits in social 
functioning, as evidenced by an inability to maintain social contacts, employment or a 
position in the community, are among the defining features of the disease (A.P.A. 1994; 
Bellack et al 1990). Furthermore, these deficits are present in healthy people who go on to 
develop schizophrenia, and are observed in first degree relatives of schizophrenia patients 
(Hans et al 1999). Deficits in social functioning reduce the patients’ quality of life (Penn et 
al 1997a) and are a predictor of functional outcome (Couture et al 2006; Tien and Eaton 
1992). In short, deficits in social function have implications for the development, course 
and outcome of the disease. It could be argued that cognitive impairments in the social 
domain are actually redundant with neurocognitive impairments in general, and that they 
reflect the same, generalized cognitive impairment that is found in schizophrenia patients. 
However, previous research, of which a selection is described in the section on functional 
specialisation above, demonstrates that there are dedicated and semi-independent 
systems in the brain for processing social information. In addition, the association between 
neurocognition and social cognition has been found to be modest (Bryson et al 1997; 
Kee et al 1998; Kohler et al 2000a; Penn et al 1996a; Sachs et al ; Schneider et al 1995a; 
Silver and Shlomo 2001). Consequently, there is a general consensus that social cognition 
and general neurocognition are different, albeit related constructs (Penn et al 1997a). 
Previous research has found that patients with schizophrenia display abnormalities in 
the following social cognitive abilities: emotion perception, social perception, theory of 
mind and attributional style. Emotion perception refers to aspects of perceiving and using 
emotions in communications. Theory of mind refers to the ability to infer the intentions 
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and beliefs of others (Corcoran et al 1995).
To summarize, schizophrenia is a heterogeneous disorder. In this light, it seems 

that a combination of empirical studies, each designed to answer explicit and precise 
questions about schizophrenia symptoms, is most likely to yield replicable results that 
can help us understand what causes the disease. It is therefore important to sort out its 
symptom dimensions as this will likely aid the investigation of the factors that cause the 
disorder. 

1.4.2 Aetiology
At present there no known single cause for schizophrenia. Currently there are two 
alternative, though not mutually exclusive, perspectives that guide thinking and research 
about the pathogenesis and pathophysiology of the disorder. The neurodevelopmental 
hypothesis, which has been the dominant theory during the last two decades (Weinberger 
1987), holds that abnormalities in genetic and/or environmental conditions lead to 
disruptions in early brain development. The resulting abnormal neurodevelopment then 
causes expression of schizophrenia symptoms in adolescence or adulthood, possibly 
influenced by environmental conditions and/or neurodevelopmental maturational 
processes (McClure and Lieberman 2003).  The much older, neurodegenerative hypothesis 
has recently regained interest because of new neuroscientific findings (Crow 1982). This 
theory postulates that, within the context of developmental maturation, abnormal genetic 
and environmental events lead to a limited neurodegenerative process that is associated 
with the expression of the symptoms and the progressive clinical course of schizophrenia 
(McClure and Lieberman 2003). 

It has long been known that there is an important hereditary factor in the 
development of schizophrenia, since people who have close relatives suffering from the 
disease are more likely to develop schizophrenia. For example, monozygotic (identical) 
twins of a person with schizophrenia have about a 40 to 60 percent chance of also 
developing the disease and children of whom one parent has schizophrenia have about a 
10 percent chance (Gottesman 1991). Three main approaches are used to identify which 
genes are involved in the susceptibility to schizophrenia: linkage analysis, association 
studies and identification of chromosomal abnormalities in patients. Linkage analysis 
strives to identify areas of the genome that are likely to contain genes causing the 
disorder. This is done by finding areas in the genome, which are shared between affected 
family members, but not among unaffected family members. Linkage analysis has the 
advantage that causative or susceptibility genes can be located to their approximate 
chromosomal position, without requiring prior knowledge of what causes the disease or 
what the likely candidate genes are. This method is good for detecting causative disease 
genes or genes of large effect, but it does not excel at detecting genes of small effect. 
Genetic association studies, on the other hand, are more powerful than linkage analyses 
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to detect susceptibility genes of small effect. However, these studies have other important 
limitations (Risch and Merikangas 1996). In association research, specific DNA variations 
are investigated in a sample of cases and controls. If there is a difference in frequency of 
the variant under investigation between cases and controls, this suggests involvement 
of the variant, or another variant in close proximity, in conferring susceptibility to the 
disorder. Usually, association studies are used to investigate genes in specific areas, in 
which linkage has already been detected. Alternatively, genes can be selected for further 
study by association analysis if they are suspected to play a role in causing a disease  
(Sanders and Gill 2007). The study of rare chromosomal abnormalities is a third approach 
to finding genes involved in the aetiology of schizophrenia. 

Although it remains controversial whether the life-time risk for developing 
schizophrenia is different for males than females, there appears to be a higher incidence 
in males and (Aleman et al 2003). Furthermore, it is a robust finding across studies that 
males generally have an earlier age of onset than females by 3 to 5 years (Leung and 
Chue 2000). Men also exhibit more severe and more negative symptoms such as poverty 
of speech and amotivation (Leung and Chue 2000). Because of these sex-differences in 
the risk and expression of schizophrenia, it has been hypothesized that a locus within the 
pseudoautosomal region of the sex-chromosomes may be involved in the transmission 
of schizophrenia (Crow 1988), however the results from large-scale (Barr et al 1994; 
Lichtermann et al 1998) and linkage studies within the pseudoautosomal region (Barr 
et al 1994) have found no evidence for this hypothesis. Based on the finding that pairs 
of siblings concordant for schizophrenia and schizoaffective disorder tend to be of the 
same sex when the disease is inherited from the father (Crow et al 1989; Gorwood et 
al 1992), a more recent hypothesis proposes that homologous genes in the sex-specific 
region of the X and Y chromosomes may be involved in the genetic susceptibility to 
schizophrenia (Crow et al 1994). Sex-chromosomes do not recombine in the sex-specific 
region although they may do so in the pseudoautosomal region, allowing for sequence 
divergence of the X-Y homologous genes. Females cannot transmit the Y form of 
homologous genes and X-Y homologous genes can have sequence divergence. Genome 
scans and association studies support a role of the following genes in schizophrenia: 
dysbindin (6p22), neuregulin 1 (8p12), G72 (13q34), RSG4 (1q21, q22), COMT (22q11), 
DISC-1 (1q42). Furthermore, deletions of 22q11 and a balanced reciprocal translocation 
(1;11) (q42;q14.3) have been convincingly shown to be implicated in schizophrenia. 

Even though most current research is concerned with the neurobiological and 
genetic factors involved, the concordance rates in monozygotic twins of 40 to 60% also 
suggest that environmental factors play a role in the aetiology of schizophrenia. It has 
been proposed that social stress is an important environmental factor. Although the 
notion that social factors may contribute to schizophrenia is not universally accepted (Van 
Os and McGuffin 2003), there are numerous findings that argue strongly against a strictly 
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biological explanation of schizophrenia. Urban-rural and ethnic variations in the incidence 
of schizophrenia have been observed since the first half of the 20th century (Odegard 
1932) and numerous studies have since then replicated findings of increased incidence 
rates for first and second generation migrant groups of varying origin (Cantor-Graae and 
Selten 2005; Krabbendam and van Os 2005). It has been proposed that immigrant and 
urban-dwelling groups are more likely to develop schizophrenia because they are exposed 
to high levels of social competition, and therefore more likely to experience long-term 
exposure to social defeat (Selten and Cantor-Graae 2005). In animal research, (repeated) 
social defeat has been found to lead to sensitisation of the mesolimbic dopamine system 
(Covington and Miczek 2001; Tidey and Miczek 1996). If these findings can be extended to 
humans, sensitisation of the dopamine system could be one mechanism through which 
social factors further the development of schizophrenia. Besides social factors, there 
may also be other environmental factors involved in the pathogenesis of schizophrenia. 
Population-based data, for instance, suggests that disturbances during pregnancy such as 
exposure to infection, trauma or hypoxia increase the risk of schizophrenia (Weinberger 
1995). However, although these effects are significant, they are of relatively small magnitude 
and can therefore only explain a small proportion of all cases of schizophrenia.

We can assume that the genetic and environmental factors described so far exert 
their influence in the brain and a vast body of literature exists on the structural and 
functional brain abnormalities that are found in schizophrenia. Structural abnormalities 
of both white and gray matter have been reported, with white matter reductions in the 
genu and truncus of the corpus callosum as well as in the right anterior internal capsule 
and in the right anterior commissure (Pol et al 2004). Reductions in gray matter density 
have been found in the left amygdala, the left hippocampus, the right supramarginal 
gyrus, the thalamus, the orbitofrontal cortex, prefrontal cortex, (superior) temporal 
cortex, occipitotemporal cortex, precuneus, superior temporal gyrus, as well as in the 
posterior cingulate and insular cortices (Hulshoff Pol et al 2001a; Shenton et al 2001; 
Wright et al 1999). Numerous functional imaging studies of schizophrenia patients have 
been performed, using a wide array of tasks that evaluate attention, memory, language, 
abstraction, sensorimotor and socioemotional processing (Gur et al 2007a). The breadth of 
approaches and the heterogeneity of schizophrenia symptoms make it difficult to establish 
a functional imaging phenotype of schizophrenia, yet several findings are consistently 
replicated. Reduced activation of the dorsolateral, inferolateral and medial prefrontal 
cortex is commonly found, often in combination with increased activations in the anterior 
cingulate cortex (Glahn et al 2005; Hill et al 2004). Other fairly consistent findings include 
increased activations within the temporal lobes (Zakzanis et al 2000), and reductions 
of amygdala reactivity (Aleman and Kahn 2005). When considering the findings from 
neuroimaging studies of schizophrenia patients, however, one cannot help but notice the 
moderate to small effect sizes that are typical in this area of research. As a consequence, 
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the diagnostic specificity of neuroimaging studies is poor and discrimination between 
patients and controls purely on the basis of neuroimaging currently remains impossible.

Often premorbid abnormalities are present in apparently healthy adolescents who 
develop schizophrenia at a later age and a substantial number of studies have shown 
poor premorbid functioning to be a risk factor for developing schizophrenia as well as 
for developing psychosis (for a review, see (Schmael et al 2007)). Because the borders of 
schizophrenia and affective disorders appear to be imprecise and intermediate psychotic 
disorders are common, it has been postulated that a continuum of psychosis exists, rather 
than discrete diseases (Crow 1986; Johns and van Os 2001). In this view of a continuum, 
clinically diagnosed individuals only represent the extremes of a much larger, not 
clinically diagnosed phenotypic distribution, in which symptoms are present to a larger 
or lesser degree. If such a continuum exists, it would suggest that symptoms associated 
with schizophrenia can also be observed in biological first degree siblings of patients, 
since siblings share approximately 50 % of their genes. Previous research that aimed to 
address this issue, has indeed found measurable deficits in unaffected siblings of patients, 
regarding theory of mind, social and emotional perception and the ability to verbalize 
emotions (Loughland et al 2004b; Toomey et al 1999; van ‘t Wout et al 2007).  Such 
evidence is especially important for  genetic research of schizophrenia symptoms, because 
in genetic research, symptom dimensions should preferably behave like intermediate 
phenotypes, which means that they should run in families and associate with underlying 
genes (Schmael et al 2007). 

1.5 Functional magnetic resonance imaging (fMRI)
Much of the research presented in this thesis involves fMRI research. As this kind of 
research involves several technical and methodological issues that are relevant to the 
interpretation of its findings, the fMRI technique deserves some more attention, which 
will be provided here. Although the physical phenomena and methodologies on which 
fMRI is based are beyond the scope of this thesis, I will provide a concise description of 
its basic concepts. MRI is based on small differences in magnetization that exist between 
tissues in a strong magnetic field. By placing tissue samples in a strong magnetic field and 
applying additional magnetic field gradients and radio frequency (RF) pulses, researchers 
are able to measure differences between radio signal echoes originating from different 
locations in the sample. Because many parameters of the additional magnetic gradients 
and the RF pulses can be varied, the MRI technique allows researchers to create plethora 
of image contrasts between different tissues. One such contrast is the blood oxygenation 
level dependent (BOLD) contrast, which was first described by Ogawa et al. (Ogawa et al 
1990). The BOLD contrast, which is the main contrast used by fMRI researchers, is based 
on the phenomenon that a surplus of oxygenated blood is supplied to brain areas where 
neural activity is increased. This increase in oxygenated blood leads to local reductions of 
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deoxyhemoglobin, which in turn lead to local increases in magnetic homogeneity that 
result in local increases of the MRI signal. These increases in the BOLD MRI signal allow 
researchers to deduce where neural activation has taken place in the brain. Although 
BOLD fMRI is an astonishing technological accomplishment, there are also several caveats, 
of which a selection will be described here. Firstly, BOLD fMRI is an indirect measure of 
neural activity, and it is presently unknown how exactly neural activation causes local 
increases in blood flow. Secondly, the relation between the BOLD signal and neural 
activity is non-linear, and it is not known how neural activity, or the amount of neural 
computation in different neural structures relates to BOLD signal intensity. Thirdly, the 
BOLD signal cannot be measured to the same extent in all areas of the brain because 
of artefacts, such as susceptibility and flow artefacts. Neural activity in the orbitofrontal 
cortex for example, is notoriously difficult to measure due to its proximity to the nasal 
cavity. Fourthly, although it has an excellent spatial resolution, the BOLD effect has a 
relatively slow time course, which limits its application. Fifthly, BOLD fMRI is a relative 
measure of neural activation, which means that it requires a baseline to be able to 
contrast activation levels. Therefore, BOLD fMRI does not provide an absolute measure of 
activation. This means that if one brain area has twice the absolute level of activation of 
another area, but the same variability in activation, contrasting BOLD activations between 
these areas would not show any difference. Sixthly, to permit group comparisons, most 
fMRI studies, including those that are described in the present thesis, use normalization 
procedures to overlay brain activations from multiple subjects onto a common anatomical 
template. However, humans display considerable individual variation in the structure and 
functional specialization of the cortex and it seems likely that the assumptions that justify 
such normalization procedures do not hold for all brain functions. In addition to these 
technical considerations there are considerations regarding the functional interpretation 
of BOLD fMRI data. If a patient group displays increased BOLD ‘activation’ in a certain brain 
area relative to controls, what does this mean? Such findings are commonly interpreted as 
reflecting inefficient function of the brain area: it might have to work harder and longer. 
It could also mean that there is lack of inhibition by other brain areas. Conversely, if a 
brain areas show decreased activation in patients, this is often regarded as evidence for 
dysfunction of the brain area, while it could just as well mean that the brain area is more 
efficient. 

As should be evident by now, it is important to remain extremely cautious when 
interpreting the ‘activations’ from neuroimaging studies, especially when these are taken to 
reflect higher order social cognitive constructs, such as suspiciousness or trustworthiness. 
It could be that a certain area displays an increase in activity during a certain experimental 
condition in a single study, but this finding adds little to our knowledge if one considers 
the results of a study in isolation. Unfortunately however, social neuroscience imaging is 
a comparatively new discipline, and relatively few attempts have been made to replicate 
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findings. The functional role of a particular brain area can be understood more fully if one 
adopts a global or network approach to functional specialization and these approaches 
require that an area is consistently activated during a variety of tasks that tap into common 
cognitive processes. Preferably the findings of neuroimaging studies, such as those that 
are presented in the present thesis, should be used to complement and extend findings 
from neurophysiological and behavioural research (Blakemore et al 2004; Ochsner 2004).

2. OUTLINE AND AIMS OF THIS THESIS
The primary aim of the research presented in this dissertation is to examine and report 
on the neural aspects of abnormalities in social cognition that are commonly observed 
in patients with schizophrenia. As was noted earlier, of the brain areas involved in social 
cognition, the amygdala has been most thoroughly studied. The studies that are presented 
here were intended to extend this knowledge of amygdala function, while paying specific 
attention to the role of amygdala function in social cognition in schizophrenia. Thus, 
although the studies all share the underlying theme of abnormal social cognition and 
its relation to amygdala function, each study focuses on a specific sub domain of the 
neural factors involved in abnormal social cognition. These sub domains will be discussed 
below. 

A long lasting controversy in the field of human neuroimaging has been whether 
amygdala activations are generally lateralized and if so, whether this is related to task 
demands or stimulus type. Although theories about lateralization have found considerable 
support from neuroimaging studies, and the studies on average appear to report more 
left than right lateralized amygdala activation there are many contradictory findings 
in the literature. Chapter 2 discusses a systematic study of the human neuroimaging 
literature that sought to establish whether amygdala activations are generally lateralized. 
In addition, it aimed to examine whether theories of about amygdala lateralization that 
have been proposed in the literature can be confirmed across studies.

Chapter 3 regards social judgment of faces in patients with schizophrenia and 
unaffected relatives. An experiment is described in which patients with schizophrenia, 
unaffected siblings and healthy controls judge faces in terms of perceived trustworthiness. 
Subjects also completed a control task to measure their general ability to perceive faces. 
The results are interpreted to support the hypothesis that the amygdala, which is part of a 
threat detection circuit, does not function normally in schizophrenia.

In Chapter 4 this hypothesis of abnormal amygdala function in schizophrenia is 
explicitly tested using fMRI. The chapter describes a study in which a group of subjects 
with schizophrenia and a group of healthy controls made trustworthiness judgments 
while their neural activity was measured using fMRI. The functional imaging data were 
subsequently analyzed to make a between group comparison to test for differences in 
neural activity related to social judgment. 
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Chapter 5 concerns a thorough investigation of the effects of variation in the 
serotonin transporter linked polymorphic region (5-HTTLPR) as well as previously 
experienced life stress on neural activation and the level of  paranoia experienced by 
subjects from a non-clinical population. This study used an ‘imaging genetics’ approach, 
combining functional neuroimaging and genotyping techniques to directly measure the 
effects of genotype genetic (5-HTTLPR) and environmental (life stress) factors on the levels 
of neural activation and the level of paranoia experienced by the subjects.

Finally, chapter 6 provides a summary as well as a discussion of the results reported 
in this thesis, discussing implications, future directions and methodological strengths and 
weaknesses of this line of research.
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1. ABSTRACT

Functional neuroimaging studies of emotion processing consistently report amygdala 
activation. Most of these studies observed lateralized amygdala activity, indicative of a 
clear hemisphere specific processing difference between the left and right amygdala. 
Since individual studies use varying paradigms and are limited by statistical power 
and sensitivity, it has remained unclear whether the left or the right amygdala is more 
consistently involved in emotional processing. By combining results across 54 fMRI and 
PET studies in a meta-analysis, we sought to establish if a common pattern of lateralized 
amygdala activation exists. Our findings indicate that across studies, the left amygdala is 
more often activated than the right amygdala, suggesting different roles for the left and 
right amygdala in emotional processing. Further analysis showed that this predominant 
left amygdala activation is not significantly related to stimulus type, task instructions, 
differential habituation rates of the left and right amygdala or a cognitive representation 
of fear. The results are discussed in relation to methodological and theoretical issues 
regarding functional brain asymmetry.

2. INTRODUCTION

The amygdala, which is located in the anterior medial section of the temporal lobe, is an 
important bilateral gray matter structure composed of several distinct nuclei. An extensive 
body of animal research has established that it plays a central role in fear-related processes 
and several other aspects of emotion, as well as interactions of emotional processes with 
cognitive processing (Aggleton and Young 2000; Calder et al 2001; Lane et al 2000; LeDoux 
2000; Phan et al 2002a). Lesion studies in nonhuman primates suggest that the primate 
amygdala is involved in specific kinds of reward learning as well as in affective and social 
behaviour (Aggleton and Young 2000). Studies of human subjects with amygdala lesions 
consistently indicate that human amygdala activity aids memory of emotional material 
and the recognition of affective expressions (Adolphs et al 1998a; Aggleton and Young 
2000; LaBar and Phelps 1998). 

Through advances in technology, imaging resolution has improved to the extent 
that the amygdala and its metabolism can be reliably measured in vivo, paving the way 
for the numerous functional imaging studies of the intact human amygdala that have 
been performed in recent years. Interestingly, although studies rarely address the issue of 
lateralization explicitly, a substantial number of these studies report unilateral activation 
of the amygdala (Canli 1999; Markowitsch 1998; Phelps et al 2001; Wager et al 2003). 

Several hypotheses about the nature of a putative difference between the left 
and right amygdala have been suggested. Markowitsch [46] for instance, proposed that 
the left amygdala is more closely related to affective information encoding with a higher 
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affinity to language and to detailed feature extraction, while the right amygdala has a 
higher affinity to retrieval of pictorial or image-related affective information and may be 
more strongly engaged in a fast, shallow analysis of affect-related information than the 
left amygdala. Phelps et al.[54]  make a similar functional distinction; they suggest that 
the right amygdala is more active when the emotional property of the stimulus is visual in 
nature and directly obvious to the subject, whereas the left amygdala may be more active 
when the emotional property of a stimulus is learned through verbal communication. 
They hypothesize that the laterality of amygdala activation may reflect the extent to 
which a mental representation of an emotional stimulus depends on elaboration and 
interpretation by the subjects.

Two alternative explanations for findings of lateralized amygdala activity are 
concerned with the task instructions that have been used in emotion studies and the 
rates at which the left and right amygdalae habituate. An extensive range of tasks has 
been used in emotion studies, and some of these tasks involved instructions to explicitly 
judge emotional properties of stimuli, while other tasks involved instructions that did not 
require explicit judgment of emotional properties. A definite effect of task-instructions 
on laterality of amygdala activation may be expected because several studies have found 
differences in neural responses to emotional stimuli between tasks that employed implicit 
and explicit task instructions (Hariri et al 2000a; Lange et al 2003; Liberzon et al 2000). 
The second explanation, which is more physiological in nature, is that the right amygdala 
may habituate faster than the left, which is what Wright et al. found in an experiment 
using repeatedly presented stimuli. They hypothesize that the right amygdala is involved 
in rapid, dynamic emotional stimulus detection, whereas the left amygdala might be 
specialized for sustained evaluation (Wright et al 2001). Because fMRI and PET have a 
relatively low temporal resolution, right amygdala activity will be less readily observed 
than left amygdala activity in experiments that employ uniform stimuli.

Individual emotion studies that report lateralized amygdala activation use varying 
paradigms and are limited by statistical power and sensitivity, therefore it remained 
unclear whether the left or the right amygdala is more consistently involved in emotional 
processing. The specific aim of the present study was to test whether amygdala activations 
are lateralized to the left or the right by combining results across a large number of fMRI 
and PET emotion studies in a meta-analysis, and to establish whether laterality of amygdala 
activation is related to stimulus type (language, pictorial), elaborate processing of stimuli 
by the subjects, task instructions (implicit, explicit) or habituation due to repetitive 
exposure to uniform stimuli.
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3. MATERIALS AND METHODS

3.1 Literature Search and Inclusion
We searched computerized databases that index peer-reviewed journals to identify 
published reports in the English language of fMRI and PET studies that mention left and 
right amygdala activation separately. Search terms were: combinations of words with the 
stem “emotion”, words with the stem “lateral”, words with the stem “asymmetr” and the 
words: “amygdala”, “fMRI”, “PET’, “rCBF”, “functional imaging”, “left” and “right”. In addition, 
references from articles were scanned for additional relevant studies. 

Our inclusion criteria are an adaptation of the criteria used in a meta-analyisis by 
Phan et al. (Phan et al 2002a). To be included, identified studies had to meet the following 
criteria: (1) They had to be published after 1989; (2) They involved unmedicated, healthy 
adults; (3) They measured regional cerebral blood flow; (4) Activation of the amygdala 
had to be reported; (5) Amygdala activity had to be reported separately, therefore studies 
which reported activity in, for example, the “amygdala-hippocampal complex” were 
excluded; (6) Information about lateralization of amygdala activity had to be reported.

3.2 Data collection and analysis
Since the studies that were included were designed to answer different questions, the 
task dimensions that were used differed to such an extent that computing a single effect 
size variable was not possible. In addition, meta-analysis of effect sizes is problematic in 
functional imaging studies as effect sizes are typically only given for regions that were 
significantly activated. However, the strenght of statistical meta-analysis is precisely 
increasing power by taking into account non-significant effects (Lange 1999).  Because 
of this lack of information in published papers, a “vote counting” method was used, cf. 
Phan et al. [53]. In this method, the proportion of studies reporting significant activation 
and the proportion of studies reporting no activation is compared statistically. To assess 
whether, on average, studies found greater left than right activation of the amygdala, we 
listed whether studies reported significant peak activations in the left amygdala, the right 
amygdala, or both. 

In order to establish whether laterality of amygdala activation is related to stimulus 
type, data concerning the nature of the stimuli was extracted from the selected studies, 
and studies were classified into the following categories: “language”, “pictorial”, “both” and 
“other”. 

To determine whether an experimental task required the subjects to elaborately 
process and interpret a mental representation of emotional stimuli, we used the following 
guidelines: tasks that required the subjects to read sentences or words in order to derive 
the emotional valence of the stimulus were placed in the “elaborate processing” condition, 
as were studies in which the subject verbally learned the emotional valence of the 
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experimental stimuli, mood induction studies and studies in which subjects are asked to 
reappraise stimuli. 

Studies were also classified into the categories “implicit” and “explicit”, according 
to the task instructions that were given to the subjects. Studies that were placed in the 
“explicit” category had to employ task instructions that required explicit attention to 
emotion or that required subjects to explicitly evoke or reappraise emotions.

Additionally, information about uniformity of the stimuli that were used in studies 
was extracted. Studies that used the same type of stimuli over and over again were placed 
in the “uniform” category, for example studies that used only face stimuli. Studies that 
used different classes of stimuli were placed in the “multiform” category, for example 
studies that used both faces and scenes as stimuli.

In the analysis of overall lateralization of amygdala activations across studies, 
binomial test were conducted to test the proportion of significant amygdala activations 
that were lateralized to the left and the proportion of significant amygdala activations that 
were lateralized to the right. These proportions were tested against the null hypothesis of 
an even distribution; a proportion of 0.50. 
We used Chi-square tests to test interactions of laterality with stimulus type (language, 
pictorial), elaborate processing of stimuli by the subjects, task instructions (implicit, 
explicit) and habituation due to repetitive exposure to uniform stimuli.

4. RESULTS

Our literature search identified 54 reports of imaging studies that met our aforementioned 
inclusion criteria (shown in Table 1). Interestingly, 46 of these studies were published 
during the last three years, which is indicative of the recent explosion of the number of 
imaging and emotion studies. Faces were the most widely used emotional stimuli; of the 
54 studies that were included, 27 used facial stimuli.

4.1 Laterality
Overall, amygdala activations were lateralized to the left hemisphere (Fig. 1). The results 
of the meta-analysis clearly demonstrate that the left amygdala is active in significantly 
more studies than the right amygdala. The observed proportion of 0.76 left amygdala 
activations was highly significant (41 L, 13 not L, P < 0.01), while the proportion of right 
0.56 amygdala activations was not significant (24 R, 30 not R, P =0 .497).
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Study Reference Stimuli Side Language
/ pictures

Elab.
Proc.

Implicit
/ explicit

Uni-/
multiform 
stimuli

N

1 (Armony andolan 2002) Faces & noise Left Pict. Imp. Uni. 6

2 (Beauregard et al 2001) Erotic films Right Pict. Exp. Uni. 10

3 (Blair et al 1999) Faces Left Pict. Imp. Uni. 13

4 (Breiter et al 2001) Coloured disks Both Pict. x Imp. Uni. 12

5 (Breiter et al 1996) Faces Both Pict. Imp. Uni. 10

6 (Canli et al 2000) Scenes Both Pict. Exp. Multi. 10

7 (Damasio et al 2000) Memories Left Other Exp. Multi. 41

8 (Dolan et al 2000) Objects & scenes Left Pict. Imp. Multi. 10

9 (Erk et al 2003) Pictures Both Both Exp. Multi. 10

10 (Gorno-Tempini et al 2001) Faces Left Pict. Imp. Uni. 10

11 (Gottfried et al 2002) Faces & Odours Both Pict. Both Uni. 15

12 (Gur et al 2002a) Faces Both Pict. Both Uni. 14

13 (Hamann et al 2002) Pictures Left Pict. Exp. Multi. 10

14 (Hamann and Mao 2002) Words Left Lang. Exp. Uni. 14

15 (Hariri et al 2000a) Faces & Words & Forms Left Pict. Both Uni. 16

16 (Hariri et al 2002c) Faces & Threats Both Pict. Imp. Multi. 12

17 (Hariri et al 2003) Scenes Both Both x Imp. Multi. 11

18 (Iidaka et al 2001a) Faces Both Pict. Imp. Uni. 12

19 (Iidaka et al 2002) Faces Both Pict. Exp. Uni. 24

20 (Irwin et al 1996) Pictures Right Pict. Imp. Multi. 6

21 (Killgore et al 2001) Faces Left Pict. Exp. Uni. 13

22 (Kilts et al 2003) Films & Pictures Right Pict. Exp. Uni. 13

23 (LaBar et al 1998) Coloured squares &  shocks Left Pict. Imp. Uni. 10

24 (LaBar et al 2001) Pictures Right Pict. Exp. Multi.. 6

25 (Lane et al 1999) Pictures Left Pict. Imp. Multi. 6

26 (Lange et al 2003) Faces Left Pict. Both Uni. 9

27 (Levesque et al 2003) Films Left Pict. Exp. Multi. 20

28 (Liberzon et al 2000) Pictures Left Pict. Both Multi. 10

29 (Maddock et al 2003) Words Right Lang. Exp. Uni. 8

30 (Maratos et al 2001) Words Left Lang. x Imp. Uni. 12

31 (Mataix-Cols et al 2003) Pictures Both Lang. Imp. Multi. 10

32 (Moll et al 2002) Sentences Left Lang. x Both Uni. 7

33 (Morris et al 1999) Faces & Noise Right Pict. Imp Uni. 10

34 (Morris et al 2001) Faces & Noise Left Pict. Imp Uni. 6

35 (Ochsner et al 2002) scenes Right Pict. x Both Multi. 15

36 (Pessoa et al 2002) Faces & Bars Both Pict. Imp. Uni. 21

37 (Phelps et al 2001) Coloured squares Left Pict. x Imp. Uni. 12

38 (Phillips et al 2001) Faces Left Pict. Imp. Uni. 18

39 (Pine et al 2001) Coloured lights & Air puff Right Pict. Imp. Uni. 7

40 (Posse et al 2003) Faces Both Pict. Exp. Uni. 6

41 (Rotshtein et al 2001) Faces (chimeric) Right Pict. Both Multi. 14
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42 (Sander & Scheich 2001) Sounds (lauging & crying) Right Lang. Imp. Multi. 11

43 (Schneider et al 1997) Faces Left Pict. x Imp. Uni. 12

44 (Schneider et al 1995b) Faces Left Pict. x Imp. Uni. 16

45 (Schneider et al 2000) Faces Right Pict. x Imp. Uni. 26

46 (Strange et al 2000) Words Left Lang. x Imp. Multi. 12

47 (Tabert et al 2001) Words Right Lang. Both Uni. 9

48 (Ueda et al 2003) Pictures Right Pict. Exp. Multi. 15

49 (Vuilleumier et al 2001) Faces & Houses Left Pict. Imp. Multi. 12

50 (Winston et al 2002) Faces Both Pict. Both Uni. 14

51 (Williams et al 2001) Faces Both Pict. Imp. Uni. 11

52 (Wright et al 2001) Faces Left Pict. Exp. Uni. 8

53 (Zald and Pardo 2002) Sounds Left Other Imp. Multi. 8

54 (Zalla et al 2000) Circle Both Pict. Imp. Uni. 10

4.2 Stimulus  type
Of the 54 studies that were included, 42 used pictorial stimuli, 8 used language related 
stimuli, 2 used both pictorial and language related stimuli, and 2 studies used other types 
of stimuli. The results of our Chi-square analysis failed to reveal a significant interaction be-
tween stimulus type and laterality of amygdala activation (Chi-square = 1.535, P = 0.464).

Table1. List of studies that were included in the review. Pict. = Picture stimuli; Lang. = 
Language stimuli; Imp. = Implicit task instructions; Exp. = Explicit task instructions; Uni. = 
Uniform stimuli were used; Multi. = Multiform stimuli were used; N = Number of subjects 

Figure 1. Number of amygdala activations reported
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4.3 Elaborate processing
Elaborate processing was not associated with laterality of amygdala activity (Chi-
square = 1.267, P = 0.531). Of the 54 studies that were included, 10 used tasks that 
required elaborate processing by the subjects: 3 studies used words or sentences 
(Maratos et al 2001; Moll et al 2002; Strange et al 2000); 3 studies used a standardized 
“mood induction” procedure (Schneider et al 1997; Schneider et al 1995b; Schneider 
et al 2000); in 2 studies, the subjects learned the emotional valence of the stimuli used 
by verbal communication (Breiter et al 2001; Phelps et al 2001); in one study, subjects 
had to reappraise the emotional valence of stimuli (Ochsner et al 2002); and in another 
study, subjects had to label target stimuli with abstract words (Hariri et al 2003).

4.4 Task instructions
29 studies in our analysis used implicit task instructions, 15 studies used explicit task 
instructions and 10 studies used both implicit and explicit tasks. We found no support for 
the notion that the explicitness of task instructions alters laterality of amygdala activation 
(Chi-square = 2.149, P = 0.342).

4.5 Habituation
In total, 20 studies used multiform stimuli; 24 studies used uniform stimuli. Laterality of 
amygdala activation did not interact with uniformity of the stimuli (Chi-square = 0.627, P 
= 0.731).

5. DISCUSSION

The main purpose of this study was to examine whether a common pattern of amygdala 
activation exists across emotion studies. Across 88 peak counts, we observed a strong 
preponderance of left amygdala activations over right amygdala activations in functional 
neuroimaging studies of emotion processing. Our analysis corroborates and extends 
the findings of a recent meta-analysis (Wager et al 2003), which focused on the effects 
of emotional valence and gender on regional brain activations. Wager et al. also report 
that in emotion studies, amygdala activations are lateralized to the left (based on 33 peak 
counts), particularly for negative emotions. 

It has been proposed that fMRI findings of asymmetrical amygdala activation 
may be artificially caused by susceptibility artifacts from adjacent sinuses (LaBar et al 
2001; Pizzagalli et al 2002). Depending on the methods used, a low signal to noise ratio in 
the amygdala could be an explanation for findings of lateralized amygdala activity on the 
level of individual fMRI studies. However, because of their random nature, susceptibility 
artifacts will not favor the left or the right amygdala across a large number of studies. 
Therefore, such artifacts cannot explain a robust laterality effect across a large number of 



54

Chapter 2

studies. 
Stimulus type did not interact with laterality of amygdala activation. Apparently, 

the laterality of amygdala activation is not significantly influenced by the stimuli 
being language related or pictorial in nature. These findings counter the hypothesis of 
Markowitsch, who proposed that the left amygdala is mainly involved in language and 
detailed feature detection, while the right amygdala is more involved pictorial or image 
related material (Markowitsch 1998). Although this hypothesis is based on a thorough 
review of the literature, it was put forward in 1998, and as was noted earlier, most of the 
research included in the present study was reported afterwards.

Our results indicate that difference in laterality of amygdala activation is not 
generated by the subjects elaborately processing the representation elicited by stimuli, 
as was suggested by Phelps et al. (Phelps et al 2001). However, Phelps et al. hypothesized 
about cognitive representations of fear, and our analysis did not address the difference 
between fear and other emotions, like sadness for instance, that were also used in the 
studies that we included. Since a relatively low number of included studies required 
elaborate cognitive processing by the subjects, adding “emotion type” to the analysis as 
an additional contrast variable would reduce statistical power to an unacceptable level. 
Adding “emotion type” to a future meta-analysis at a time when sufficient functional 
imaging studies of emotion have been performed to satisfy power requirements of 
this statistical analysis might reveal that activation of the left amygdala is significantly 
associated with a cognitive representation of fear. However, since our results do not find 
such an association with other emotional stimuli that activate the amygdala, they do not 
suggest that this association exists for a cognitive representation of fear. 

Although two studies that used both an implicit and an explicit condition found 
that amygdala activity decreases when subjects explicitly attended emotional properties 
of stimuli (Hariri et al 2000a; Lange et al 2003), we did not find support for the notion that 
task-explicit or implicit task instructions differentially influence amygdala activation.

Sex might be another potential moderating variable. Indeed, Cahill et al. [9] 
reported sex-related hemispheric lateralization of amygdala function in long-term 
memory for emotionally arousing films (Cahill et al 2001). Activity of the right, and not 
left, amygdala in men while viewing emotionally arousing films related significantly to 
memory for the films 3 weeks later. In contrast, activity of the left, and not right, amygdala 
in women related significantly to later memory for the films. However, Wager et al. [68] did 
not find effects of gender on amygdala lateralization in their review. 

In a recent review article, Zald and Pardo report a substantial number of studies 
in which amygdala responses display rapid habituation during repeated exposure to 
stimuli, they suggest that primarily unusual, novel stimuli may engage the amygdala 
(Zald and Pardo 2002). In the present study we examined whether stimulus novelty is a 
moderator variable of the laterality of amygdala activation. We had expected that studies 
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that employed uniform stimuli would more often report left amygdala activity because 
the response of the right amygdala may decrease faster than the response of the left, 
like Wright et al. found in their study (Wright et al 2001). If the right amygdala habituates 
faster than the left, the relatively low temporal resolution of fMRI and PET, combined 
with this faster habituation should result in more studies reporting left amygdala activity. 
The present study found no evidence of such interaction between stimulus novelty 
and laterality of amygdala activation. However, with a few exceptions we had to rely on 
indirect results regarding this issue, as few studies have explicitly investigated the effect 
of habituation on amygdala activation. Clearly, more research into the temporal dynamics 
of amygdala activation is needed before firm conclusions about the laterality aspects of 
amygdala habituation can be drawn. In addition, it is important to note that the studies 
we reviewed rarely report a formal test of the Condition × Hemisphere interaction. This is 
unfortunate because a test of this interaction is required to establish whether activation 
in a particular area in one hemisphere truly differs significantly from activation in the 
corresponding area of the other hemisphere (Davidson and Irwin 1999; Davidson et 
al 2000). A significant main effect in the left hemisphere but not in the right does not 
necessarily imply that the Condition × Hemisphere interaction is statistically significant. 
For example, the activation effect size in the right hemisphere, though not statistically 
significant, could approach the critical value and therefore not differ significantly from the 
left hemisphere effect size. 

Finally, in the interpretation of amygdala lateralization for processing of emotional 
stimuli, it could be hypothesized that the left amygdala is more involved in local processing, 
whereas the right amygdala would be more involved in global processing (Cahill 2003). 
There is ample evidence of global/local hemispheric biases in the literature, with evidence 
converging from behavioral studies in experimental psychology, functional imaging in 
healthy subjects, and lesion studies in neurological patients that the right hemisphere is 
relatively biased towards the processing of more global, holistic aspects of a stimulus or 
scene, whereas the left hemisphere is relatively biased towards the processing of local, 
fine-grained details of a stimulus or scene (Davidson and Hugdahl 1995) One could argue 
that most tasks used in the studies included in the present review require an important 
degree of local processing, as the subject is typically asked to focus on some aspect of 
the presented stimulus. For example, in a facial emotion recognition task, the subject 
might be required to focus on the specific visuo-spatial details that differentiate an angry 
expression from a sad expression. Systematic comparison of tasks requiring global versus 
local processing of emotional material is therefore needed, in order to test the hypothesis 
of global/local effects on hemispheric lateralization. In addition, future research must 
investigate the implication of amygdala lateralization for epilepsy surgery and psychiatric 
disorders in which the amygdala is compromised. It is interesting to note, for example, that 
gray matter reductions of the left amygdala, not the right amygdala, have been reported 
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in patients suffering from schizophrenia (Hulshoff Pol et al 2001b) and the same pattern 
of reduced amygdala volume has been reported for unaffected relatives of schizophrenia 
patients (Lawrie et al 1999).  
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1. ABSTRACT

Patients with schizophrenia have been found to display abnormalities in social cogni-
tion. Our aim was to test whether patients with schizophrenia and unaffected first-degree 
relatives of schizophrenic patients display behavioural signs of social brain dysfunction 
when making social judgments. Eighteen patients with schizophrenia, twenty-four first-
degree unaffected relatives and twenty-eight healthy comparison subjects completed a 
task which involves trustworthiness judgments of faces. A second task was completed to 
measure the general ability to recognize faces. Patients with schizophrenia rated faces as 
more trustworthy, especially those that were judged to be untrustworthy by healthy com-
parison subjects. Siblings of schizophrenia patients display the same bias, albeit to a lesser 
degree. The pattern of more positive trustworthiness judgments parallels the results from 
studies of patients with abnormalities in brain areas involved in social cognition. Because 
patients and siblings did not differ significantly from controls in their general ability to 
recognize faces, these findings cannot be dismissed as abnormalities in face perception 
by itself.

2. INTRODUCTION

Impaired social functioning is among the core features of schizophrenia and numerous 
studies of patients with schizophrenia have reported specific abnormalities in various 
aspects of social cognition, including theory of mind, empathy, emotion perception, 
emotion processing and experience of agency (Bellack et al 1990; Pinkham et al 2003). 
Because patients with schizophrenia often display poor social skills and frequently 
misinterpret social cues, their impaired social cognition can in some cases result in social 
isolation, making it one of the most disabling clinical features of the disease (A.P.A. 1994). 

An essential aspect of social perception, which has been found to be related 
to better social function in schizophrenia, is the ability to adequately process facial 
appearances (Hooker and Park 2002; Pollice et al 2002). In many situations, individuals 
use the information conveyed by facial appearances to decide whether another person 
should be approached or avoided, trusted or distrusted. Such trustworthiness evaluations 
form an important aspect of real-life social cognition because they involve making 
decisions which directly influence social behaviour. Together with problems in affect 
recognition, problems with evaluating trustworthiness could be an important factor that 
leads to problems in social behaviour and possibly victimization of schizophrenia patients. 
Unfortunately however, at this time no empirical studies exist which have examined the 
relation between victimization and  impairments in trustworthiness evaluation or affect 
recognition.
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Over the last decade, there has been considerable interest in the issue of how 
social cognition based on facial appearances is implemented in the brain and recent 
progress in the research fields of neuropsychology and functional cognitive imaging 
indicates that a restricted network of brain areas is consistently involved in the processing 
of facial social information (Adolphs et al 1998b; McCabe et al 2001; Winston et al 2002). 
This network consists of several key brain areas. The amygdala is active during vigilance 
and attention to emotionally relevant information (Adolphs et al 1998b; Brothers et al 
1990; Phelps 2006). The orbitofrontal cortex is implicated in the anticipation of future 
outcomes of social behaviour and stimuli (Amodio and Frith 2006; Kringelbach and Rolls 
2004; O’Doherty et al 2003). The superior temporal cortex acts as an association area that 
monitors and interprets the behaviour of others (Brothers 1990; Pelphrey and Morris 
2006). The insula is involved in the perception and representation of aversive affective 
states (Sanfey et al 2003; Sprengelmeyer et al 1996). The fusiform gyrus, which is part 
of the occipital lobe, is active during face perception (Kanwisher et al 1997) and the 
anterior cingulate cortex (ACC) monitors the performance of brain systems that evaluate 
the behavioural relevance of stimuli (Druzgal and D’Eposito 2001). In the light of the 
impairments in social information processing that are found in schizophrenia it seems 
likely that patients with schizophrenia show abnormalities in the network outlined above. 
Indeed, there is a growing number of neuroimaging studies which report dysfunction in 
several of the brain areas described above in patients with schizophrenia, most notably 
the amygdala and prefrontal areas (Brunet-Gouet and Decety 2006; Habel et al 2004; Lee 
et al 2004). Interestingly, decreased amygdala reactivity has also been demonstrated in 
siblings of patients with schizophrenia (Habel et al 2004). However, what causes these 
dysfunctions remains an important question.

Although the precise aetiology of schizophrenia is not completely understood, 
compelling evidence from family, twin and adoption studies suggests that hereditary 
factors play an important role in its pathogenesis (McGuffin et al 1995). It has been 
proposed that in combination with environmental factors, a high genetic risk of 
schizophrenia may variably manifest itself in a schizophrenia ‘spectrum’ phenotype that 
can range from mild schizotypal traits to severe schizophrenia (Johns and van Os 2001). 
If such a schizophrenia spectrum phenotype exists, this would suggest that cardinal 
social deficits of schizophrenia can also be observed in biological first-degree relatives of 
schizophrenia patients, since they share approximately 50 percent of their genes. Indeed, 
previous research demonstrates that relatives display measurable deficits in theory of 
mind, visual scan paths of emotional faces, perception of nonverbal social cues, as well as 
in their ability to verbalize emotions (Loughland et al 2004a; Marjoram et al 2006; Toomey 
et al 1999; van ‘t Wout et al 2007). 

The present study investigates complex social information processing in 
patients with schizophrenia as well as in siblings of patients with schizophrenia using a 
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psychological task that requires subjects to make trustworthiness judgments about faces. 
This task has been previously used in a functional magnetic resonance imaging (fMRI) 
experiment (Winston et al 2002) that revealed task related activation in the amygdala, 
right insula, superior temporal cortex and fusiform gyrus. Furthermore, patient groups 
with known damage to the amygdala were found to give abnormally positive ratings 
of trustworthiness (Adolphs et al 2001a; Adolphs et al 1998b). Using a task of which 
the neural correlates are known has the advantage that task performance can be more 
readily interpreted in terms of performance of the brain mechanisms that are involved. 
In the present study, explicit trustworthiness judgments made by patients and healthy 
first-degree relatives were compared to those of healthy matched controls. Because 
trustworthiness judgments of emotionally neutral faces involve complex social judgments 
and thus place relatively high demands on social information processing (Adolphs et al 
2001a), we conjectured that the trustworthiness judgment task would be sensitive to 
subtle differences in social information processing. Based on the earlier findings of focal 
brain dysfunction in schizophrenia described above, we hypothesized that patients 
with schizophrenia would give abnormal trustworthiness ratings compared to healthy 
controls.

In addition to patients, the present study involves siblings. Studying core features 
of schizophrenia such as social cognition in siblings of schizophrenia patients is a valuable 
strategy for several reasons. First, these high-risk individuals are not clinically psychotic 
and have not been treated with antipsychotic medication. In this way, the investigation of 
social processing in siblings enables us to study deficits related to schizophrenia without 
major confounding influences, and results may serve to validate the results observed 
in patients. Second, if social information processing deficits are observed in high-risk 
individuals, these deficits at least in part reflect a vulnerability to schizophrenia. The 
identification of such premorbid vulnerability markers is important by itself, because 
these markers could be used for early detection of schizophrenia. Based on the earlier 
findings of behavioural deficits in siblings that are comparable to those found in patients 
described above, we hypothesized that patients with schizophrenia would give abnormal 
trustworthiness ratings compared to healthy controls.

3. MATERIALS AND METHODS

3.1 Participants
18 Patients with schizophrenia (10 men and 8 women; mean age 30.3, SD=9.1), 24 healthy 
siblings of patients with schizophrenia (8 men and 16 women; mean age 33.8, SD=9.9) 
and 28 healthy control subjects (14 men, 14 women; mean age 33.4, SD=8.5) participated 
in the study. Siblings were sisters or brothers of patients with schizophrenia, though not 
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necessarily of patients from our patient group. The patient group participated in a separate 
research program than the relative and control groups, consequently the patient group 
contains a smaller number of subjects. The groups were tested for significant differences 
in age, sex and intellectual ability. Intellectual ability was measured with a combination of 
the Raven Advanced Progressive Matrices test of nonverbal reasoning (Lezak 1995; Raven 
et al 1993) and the Dutch translation of the National Adult Reading Test, NART (Nelson 
and Willison 1991), which provides an estimate of performance and verbal intelligence 
respectively. See Table 1 for demographic variables of the groups. We established the 
presence of psychopathology in patients using the Comprehensive Assessment of 
Symptoms and History, CASH (Andreasen et al 1992) which was administered by a 
psychiatrist. All patients fulfilled DSM-IV criteria for schizophrenia as measured with the 
CASH, were clinically stable and received atypical antipsychotic medication. 13 Patients 
were taking clozapine (mean dose 290 mg/day), two patients were taking olanzapine 
(mean dose 17.5 mg/day), one patient was taking quetapine (400 mg/day), another was 
taking risperidone (1 mg/day) and one patient was taking pimozide (4 mg/day). Patients 
with schizophrenia were drawn from the patient population of the University Medical 
Center Utrecht where clozapine is prescribed as a second-line treatment and not only 
for severely refractory patients, therefore the relatively large number of patients that 
received clozapine does not reflect selection from a special population. Symptoms were 
rated independently by two trained raters using the Positive and Negative Syndrome 
Scale, PANSS (Kay et al 1987). Mean score on positive symptoms was 10.3 (SD 3.2, range 
7-18), mean score on negative symptoms was 13.1 (SD 3.8, range 8-21) and mean score 
on general psychopathology was 22.9 (SD 4.2, range 17-33). Duration of illness was 9.9 
(SD 10.3, range 1- 38) and mean age of onset of psychotic symptoms was 22.5 (SD 5.5, 
range 17- 39). The absence of psychopathology in healthy siblings and control subjects 
was confirmed with the Mini International Neuropsychiatric Interview, MINI (Sheehan et 
al 1997). The present study was carried out in accordance with the latest version of the 
Declaration of Helsinki and the study design was reviewed and approved by the local 
ethics committee. Informed written consent was obtained from all participants after the 
nature of the procedures had been fully explained before testing.

3.2 Trustworthiness evaluation
During an adapted version of a self-paced computerized task (Winston et al 2002), subjects 
viewed 120 grayscale frontal photographic images of emotionally neutral faces and made 
trustworthiness judgments about each individual face on a scale that ranged from 1 (highly 
untrustworthy) to 7 (highly trustworthy). The images were selected from a larger set of 
images on the basis of trustworthiness and emotional valence ratings given by 36 healthy 
subjects in a separate pilot study (9 men, 27 women; mean age 21.6, SD=3.3). The images 
used in the present study cover the full range of trustworthiness ratings. Because a strong 
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correlation was found between perceived trustworthiness and facial expressions of anger 
and happiness in a previous study (Winston et al 2002), we selected images that were 
given low ‘anger’ and ‘ happiness’ ratings by subjects in our pilot study.  Of the images used 
in the present study, 75 were from the set that Adolphs et al. used in their study of social 
cognition in patients with bilateral amygdala damage (Adolphs et al 1998b). In order to 
obtain a sufficient number of images for our analyses, these images were supplemented 
with 45 comparable images from the psychological image collection of the psychology 
department of Stirling University (PICS). All 120 images were rated during the pilot study. 
Following the trustworthiness judgment task, patients and controls performed a self-
paced non computerized version of the Benton general face recognition task (Benton et 
al 1983), which was included to control for possible abnormalities in the general ability to 
recognize faces among patients.

3.3 Data analysis
Following Adolphs et al. (Adolphs et al 2001a) we divided the set of face-stimuli into a set 
with the 60 least trustworthy and a set with the 60 most trustworthy faces, according to the 
trustworthiness ratings of the healthy controls. We analyzed these data with a repeated-
measures analysis of variance (ANOVA), with factors of face type (least trustworthy faces, 
most trustworthy) and group (patients, relatives, controls), followed by appropriate 
post-hoc tests. A separate repeated-measures ANOVA with factors of  face type (least 
trustworthy faces, most trustworthy), group (patients, relatives, controls) and gender 
(male, female) was performed to test for possible effects of gender or group by gender 
interaction effects on trustworthiness judgments. In addition, the correlation between 
mean antipsychotic medication dose in chlorpromazine equivalents and trustworthiness 
ratings was analyzed in the patient group using Pearson’s correlation coefficient with the 
Alpha level set at 0.05, two-tailed.

4. RESULTS

The experimental groups did not differ with regard to possible confounding factors like 
sex (non-parametric Chi square = 2.36, p = 0.31), age (F(2,67) = 0.87, p = 0.42), or general 
intellectual ability (F (2,67) = 2.31, p = 0.11). See table 1 for characteristics of the sample. 
We found a significant main effect of face type (F(1,67) = 131.47, p < 0.001) and a 
significant main effect of group, indicating that the experimental groups made different 
trustworthiness ratings (F(2,67) = 3.49, p = 0.036, see table 1). Subsequent post-hoc test 
showed that trustworthiness ratings of patients (F(1,44) = 7.89, p = 0.007, see table 1); and 
relatives (F(1,50) = 4.31, p = 0.043, see table 1) were significantly higher than the ratings of 
healthy controls. We found the group by face type interaction effect to be non-significant 
(F(2,67) = 0.72, p =  0.49). There was no significant main effect of gender (F(1,64) = 0.147, 
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p = 0.703) and no gender by group interaction effect (F(2,64) = 0.761, p = 0.471) in our 
second ANOVA. There also was no significant difference between patients and controls 
with regard to their performance on the Benton face-recognition task (F(1,37) = 0.95, 
p = 0.34), indicating that patients were generally able to recognize faces. We found no 
significant correlation between mean antipsychotic dose and trustworthiness ratings r = 
-0.45, p = 0.107.

Schiz. Siblings Controls

Gender

    Male 10 8 14

    Female 8 16 14

Mean SD Range Mean SD Range Mean SD Range

Trustworthiness Ratings 4.4 0.49 3.6 - 5.4 4.3 0.57 3.8 - 5.9 4.0 0.31 3.4 - 4.6

   Least trustworthy 4.0 0.52 3.2 - 5.2 3.8 0.73 3.1 - 5.9 3.5 0.42 2.6 - 4.4

   Most trustworthy 4.8 0.57 4.0 - 5.6 4.7 0.63 3.3 - 6.3 4.5 0.34 4.0 - 5.5

NART scores 105.0 13.31 69 - 118 105.8 5.59 95 - 115 106.8 9.83 81 - 124

Raven scores 97.7 15.71 72 - 120 109.5 9.68 95 - 125 106.6 13.65 75 - 125
Table 1. Characteristics of the sample, ratings of trustworthiness of faces and intelligence test 

scores
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relatives
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Figure 1. Mean Ratings and standard deviation of trustworthiness of faces (1 = ‘highly 
untrustworthy’, 4 is ‘neutral’, 7 = ‘highly trustworthy’). The bars on the left represent the 60 
faces that controls judged to be the least trustworthy. The bars on the right represent the 60 
faces that controls judged to be the most trustworthy

Least trustworthy faces Most trustworthy faces
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5. DISCUSSION

The aim of this study was to investigate whether social information processing is affected 
in patients with schizophrenia and unaffected siblings using an experimental paradigm 
that requires subjects to make trustworthiness evaluations about unfamiliar faces with 
neutral expressions. Two main findings emerged from our study. The first finding is that 
(Pelphrey and Morris 2006)patients with schizophrenia judged unfamiliar faces to be 
more trustworthy than healthy control subjects did. The second finding was that siblings 
of patients with schizophrenia displayed a similar, albeit attenuated bias in judging 
trustworthiness. These findings will be discussed below.

On average, patients judged faces to be more trustworthy than healthy controls 
did. This finding of increased trustworthiness ratings by schizophrenia patients for 
faces that are normally judged to be untrustworthy may seem counterintuitive at first 
glance. Schizophrenia is associated with paranoia, and one would expect paranoid 
people to judge others in general as untrustworthy. However, our finding of increased 
trustworthiness ratings in schizophrenia is consistent with a body of work on reduced 
social cognitive abilities in schizophrenia (Addington and Addington 1998; Addington 
et al 1998; Brunet-Gouet and Decety 2006; Couture et al 2006; Hall et al 2004; Penn et 
al 1997b) and is also consistent with the considerable amount of evidence of amygdala 
dysfunction in schizophrenia (Aleman and Kahn 2005). With regard to our sample, we 
would like to note that the patient group was not acutely psychotic, but stabilized on 
antipsychotic medication, and that mean PANSS scores for paranoid delusions were low. 
We do not suspect that the difference in trustworthiness ratings can be largely accounted 
for in terms of general face recognition deficits, as patients did not differ significantly 
from control subjects in this regard. Furthermore, we found the same pattern of results 
in unaffected siblings who participated in the study, which suggests that the findings 
are not likely to be attributable to the patients’ medication use or other confounding 
variables associated with schizophrenia. Another possible explanation for the higher 
trustworthiness ratings in the patient and sibling groups might be that these groups, on 
average, use different numbers than controls to express themselves, which would result in 
differences in ratings on rating scales, even those not related to social cognition. Although 
the present study did not include a separate rating task such as an age judgment task 
where no group differences would be expected to control for this possibility, an earlier 
study which required schizophrenia patients to rate pleasantness and unpleasantness 
of odours  found that patients with schizophrenia rated stimulus intensity similarly to 
controls (Crespo-Facorro et al 2001). Furthermore, a study by Kohler et al., which involved 
an both age and an emotion recognition task found no relation between age judgments 
and severity of symptoms of schizophrenia patients, while errors on the emotion 
recognition task were related to the schizophrenia symptoms alogia, hallucinations and 
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thought disorder (Kohler et al 2000b). Given these findings we do no suspect that the 
higher trustworthiness ratings found in the present study reflect a general response bias 
in the patient and sibling groups. Making complex social judgments on the basis of faces 
requires combined activation within a network of brain areas and given that our study is 
limited to a behavioural outcome measure, any conclusions regarding the functioning 
of specific brain areas must be tentative. However, several aspects of the patients’ bias in 
trustworthiness evaluations warrant some speculation. For example, the positive bias in 
trustworthiness judgments is identical to that reported in patients with bilateral amygdala 
lesions, albeit with a smaller magnitude (Adolphs et al 1998b). Furthermore, comparable 
abnormalities in trustworthiness judgments have been demonstrated in autistic 
subjects (Adolphs et al 2001a), a group in which structural grey matter abnormalities 
of the amygdala have been reported (Abell et al 1999). The idea that the amygdala is 
dysfunctional in schizophrenia is supported by numerous functional imaging studies that 
demonstrated reduced reactivity of the amygdala in response to processing of social-
emotional cues such as facial affect (Gur et al 2002b; Hempel et al 2003; Schneider et al 
1998a; Williams et al 2004), see (Aleman and Kahn 2005) for a review. In addition, previous 
studies report amygdala volume reductions in schizophrenia patients (Hulshoff Pol et al 
2001a; Wright et al 2000) and populations at risk of developing schizophrenia (Keshavan et 
al 1997; Seidman et al 1997; van Rijn et al 2005). However, even though our findings seem 
to reflect amygdala dysfunction, there are other neuropsychological explanations for the 
present findings. Besides the amygdala, other areas have been found to be involved in 
the explicit judgments of trustworthiness: the superior temporal cortex and the insula 
(Winston et al 2002). Because of its involvement in representing negative affective value, 
dysfunction of the insula may be expected to give rise to a positive bias in trustworthiness 
evaluations, but the evidence supporting this latter hypothesis in schizophrenia is scarce. 
Several structural imaging studies report insular gray matter volume reductions in 
schizophrenia (Crespo-Facorro et al 2000; Hulshoff Pol et al 2001a; Kawasaki et al 2007; 
Wright et al 1999). But to our knowledge, only one functional imaging study reports 
reduced insular activation in schizophrenia patients during a task which involved working 
memory processing of faces (Yoo and Choi 2005). Taken together, we consider these 
findings to suggest that the present finding of a positive bias in trustworthiness ratings 
in patients could be a reflection of amygdala dysfunction, possibly in combination with 
dysfunction in the insular cortex. However, given earlier findings in schizophrenia patients 
of impaired social judgments that have not been clearly linked to amygdala function, 
such as judgments of intelligence and distinctiveness (Hall et al 2004), the possibility that 
trustworthiness judgments are part of a more general deficit in the ability to make social 
judgments should also be considered.

Obviously, inaccurate social judgments of constructs like trustworthiness 
can have far-reaching consequences for social functioning. Although no study has yet 
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investigated the functional consequences of impaired trustworthiness evaluation in itself, 
there is substantial supportive evidence that demonstrates a relationship between social 
cognition and social functioning in schizophrenia (Brune 2005; Hooker and Park 2002; 
Ihnen et al 1998; Roncone et al 2002). 

Unaffected siblings of patients with schizophrenia show a similar, albeit attenuated 
positive bias in trustworthiness judgments, which suggests that abnormal trustworthiness 
evaluations, at least in part, reflect vulnerability for schizophrenia. This finding could 
have an interesting implication, namely that a test of complex social cognition could be 
used as a vulnerability marker for identifying people who are at high risk of developing 
schizophrenia, possibly in combination with other vulnerability markers. Clearly, findings 
predictive of the development of schizophrenia could be used for guiding interventions. 
But of course, replication would be important before application in clinical practice. 

It should be noted that the presently included patient sample is high functioning 
and displays relatively low levels of psychopathology. Hence, trustworthiness evaluation 
might be different in more typical groups of schizophrenia patients characterized by more 
severe psychopathology. In addition, the present study only investigated trustworthiness 
evaluation of neutral faces, which display less social cues compared to the faces that are 
commonly encountered in daily life. The fact that we used neutral faces may also explain 
the relatively low overall sensitivity of the trustworthiness task. Another point that deserves 
attention is that group differences in general intellectual ability are a common potential 
confound in studies involving schizophrenia patients. Schizophrenia is associated with 
intellectual decline and one of the most robust facts of the neuropsychological literature 
is that schizophrenia patients tend to have lower IQs than the test standardization 
populations by approximately 10 points or 2/3 of standard deviation (Aylward et al 1984). 
Although our groups did not differ significantly with regard to general intellectual ability, 
this trend  towards lower intellectual ability scores was also present in our schizophrenia 
patient group and this might confound our finding of lower trustworthiness judgments.  
Furthermore, it would have been interesting to investigate whether this is a specific 
deficit for trust evaluation or evaluative judgments in general by including age or gender 
evaluation of faces. Future research should elucidate these possibilities. 

To conclude, our results show that patients with schizophrenia and siblings 
of patients with schizophrenia on average judge faces to be more trustworthy than 
controls do. This pattern of higher trustworthiness evaluation in patients and siblings 
is consistent with observations using a comparable trustworthiness judgment task in 
patients with amygdala lesions and in autistic subjects. Our finding of a comparable 
pattern in trustworthiness evaluations in siblings suggests that abnormal trustworthiness 
evaluation, at least in part, reflects vulnerability for schizophrenia.  These findings of 
abnormal trustworthiness evaluation could contribute to an increased understanding of 
disadvantageous social behaviour or social isolation in patients with schizophrenia and 
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possibly in individuals at high-risk for developing schizophrenia.
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1. ABSTRACT

Impaired social cognition is a frequently observed and disabling characteristic of 
schizophrenia. An important aspect of social cognition involves making social decisions 
about others. The present study investigates whether brain activity related to social 
decision-making differs between patients with schizophrenia and healthy controls. Twelve 
patients with schizophrenia and 21 control subjects participated in the study. Behavioral 
performance and brain activity were assessed during a task that involved judging the 
trustworthiness of faces. We performed region-of-interest based analyses, which revealed 
that patients with schizophrenia display specific increases and reductions in activation 
of the medial orbitofrontal cortex, amygdala and the right insula during social decision-
making; areas that play key roles in the network that underlies social decisions. These 
findings suggest that the impairments in social cognition that are often observed in 
schizophrenia are, at least in part, related to altered brain activity in these areas.

2. INTRODUCTION

Impaired social cognition is a frequently observed feature in schizophrenia. Numerous 
studies have reported specific abnormalities in the ability of patients to interpret the 
beliefs and intentions of others in order to explain and predict their behavior (Pinkham et 
al 2003). Other studies have found impairments in the ability to identify facial and prosodic 
expressions of emotion (Edwards et al 2001; Habel et al 2000; Kohler et al 2003; Penn et 
al 2000; Pinkham et al 2003). As a result of these social cognitive impairments, patients 
with schizophrenia often display poor social skills and frequently misinterpret social cues, 
making it one of the most disabling clinical features of the disease (A.P.A. 1994).

An important aspect of social cognition involves making decisions based on 
the appearance of others. Even though the exact neural mechanisms of social decision-
making in healthy subjects are not fully understood, considerable progress has been made 
during recent years. It has become clear that a network of both cortical and subcortical 
brain areas is required to make accurate social decisions (Adolphs et al 1998b; Druzgal 
and D’Eposito 2001). Neuropsychological and imaging research provides evidence for the 
involvement of several key areas that make up this network. The amygdala (Adolphs et 
al 1998b; Winston et al 2002) is engaged during vigilance and attention to emotionally 
salient information, and the (ventromedial) prefrontal cortex (PFC) (Damasio 1994; 
Eslinger and Damasio 1985) is implicated in emotional and attentional processes. The 
insula (Sprengelmeyer et al 1996; Winston et al 2002) is involved in the perception and 
representation of affective/emotional states, most notably disgust. The fusiform gyrus 
(Iidaka et al 2001b; Kanwisher et al 1997; Winston et al 2002) is important for processing 
face stimuli. It has been suggested that the anterior cingulate cortex (ACC) is involved 
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in monitoring the performance of systems evaluating the behavioral relevance of target 
stimuli (Druzgal and D’Eposito 2001) and that the superior temporal sulcus (STS)  acts as 
an association area that processes behavior of others (Brothers 1990). 

The main goal of the present study was to examine whether brain activity within 
this network differs between patients with schizophrenia and healthy controls during 
social decision-making. To accomplish this, we used an event-related functional magnetic 
resonance imaging (fMRI) paradigm to measure brain responses during evaluative social 
information processing. We employed a psychological task that requires subjects to make 
trustworthiness and age judgments about faces with a neutral emotional expression 
(Winston et al 2002). Age judgments were included in the task to establish whether 
trustworthiness of faces is being processed implicitly, when subjects make an unrelated 
age assessment. Given that trustworthiness judgments require processing of subtle 
emotional cues, and thus place relatively high demands on social information processing, 
we expected this trustworthiness judgment task to be sensitive to subtle differences in 
social information processing between patients and controls. Based on the prior functional 
neuroimaging findings described above, we hypothesized that differences in brain 
activation between schizophrenia patients and controls would be observed in a network 
containing the amygdala, PFC, insula, fusiform gyrus, ACC and STS. Given earlier findings 
of reduced amygdala activation in schizophrenia patients (Fahim et al 2005; Schneider 
et al 1998b) and the rich interconnections between the amygdala and prefrontal areas 
(Bechara and Van der Linden 2005), we mainly expected to find reduced reactivity of the 
amygdala and prefrontal areas in patients relative to controls.

3. MATERIALS AND METHODS

3.1 Subjects
12 right-handed patients with schizophrenia (10 males, two females; mean age 28.7, SD = 
5.7) participated in the study. Presence of schizophrenia in these patients was established 
using the Comprehensive Assessment of Symptoms and History Scale (Andreasen et al 
1992). Current symptoms were assessed using the Positive and Negative Syndrome Scale 
(PANSS)(Kay et al 1987)(table 1). At the time of the study, all patients were outpatients 
on stable doses (chlorpromazine equivalent doses, range: 200 to 500 mg, mean: 335.4 
mg, SD = 110.0 mg) of atypical antipsychotic medication (including clozapine, olanzapine, 
quetapine and risperidone). Mean duration of illness was 6.7 years, SD = 5.1 years. None of 
the patients experienced paranoid symptoms (PANSS suspiciousness/persecution mean 
score was 1.8,  SD = 1.1). 
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Mean total 
(SD)

PANSS positive 
symptoms

10.8 (3.2)

PANSS negative 
symptoms

12.7 (4.2)

PANSS general 
symptoms

21.7 (4.1)

PANSS total 45 (9.3)

Table1. Results of PANSS assessment

21 right-handed healthy (17 males, four females; mean age 31.2, SD = 9.7) control 
subjects were recruited from community advertisements, and selected from the same age 
range (no significant group difference; t(1,31.7) = 0.948, p = 0.350). Control subjects had a 
mean education score comparable to the patients  (mean education score for controls was 
16.1, SD = 1.8, mean education score for patients was 15.1, SD = 2.1, with no significant 
group difference; t (1,19.8) = 1.529, p = 0.142). Control subjects were not taking any 
medication and were free of all psychiatric disorders according to the Mini International 
Neuropsychiatric interview (MINI)(Sheehan et al 1998). Further exclusion criteria for both 
groups included significant medical or neurological illness at the time of participation, 
past major head injury and history of alcohol or drug abuse.

The present study was carried out in accordance with the Declaration of Helsinki 
and the study design was reviewed and approved by the local human ethics committee. 
Informed written consent was obtained from all participants after the nature of the 
procedures had been fully explained.

3.2 Stimuli
120 frontal grayscale images of faces with a neutral emotional expression were used as 
stimuli. More than 80 % of the photos were of Caucasian persons. These images were 
selected from a larger set of images on the basis of trustworthiness and emotional valence 
ratings given by 36 healthy subjects in a separate pilot study (9 men, 27 women; mean age 
21.6, SD = 3.3). We discarded images of which trustworthiness ratings correlated strongly 
with emotional valence ratings.  Of the images used in the present study, 75 were from 
the set that Adolphs et al. used in their study of social cognition in patients with bilateral 
amygdala damage (Adolphs et al 1998b). In order to obtain a sufficient number of images 
for our analysis, these images were supplemented with 45 images from the psychological 
image collection of the psychology department of Stirling University (PICS). All images 
were rated in the pilot study.

3.3 Experimental paradigm
The psychological task used in the present study was an adapted version of a task used by 
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Winston et al (Winston et al 2002). A scanning session lasted for 25 minutes and consisted 
of 16 task blocks with a duration of 45 s, 16 rest blocks with a duration of 45 s and 16 
instruction trials with a duration of 3 s. There were two types of task blocks and these 
types of task blocks were presented in random order for each subject. At the start of each 
task block, the word “age” or “trustworthiness” appeared on screen during an instruction 
trial to inform the subject of the task requirement. During eight task blocks, which were 
preceded by the word “age”, subjects had to decide whether the faces that were presented 
in the subsequent task block were older or younger than 30 years. In the other eight task 
blocks, which were preceded by the word “trustworthiness”, subjects had to judge whether 
the faces were trustworthy or untrustworthy. Task blocks consisted of 15 trials that were 
presented sequentially, and each trial consisted of a stimulus that was presented for 1 s 
followed by a fixation cross was presented that was presented for 2 s. The stimulus that 
was presented in each trial could either be a face or fixation cross, in which case the trial 
served as a null event trial. These null event trials were included to enhance the estimation 
efficiency of our event-related fMRI analyses and were randomly interspersed among 
face trials. All stimuli, fixation crosses and instructions were presented on a gray (50% 
white) background. Face stimuli were presented once to each subject, randomized to the 
different task blocks and presented in random order across subjects. In total there were 
120 face stimuli and 120 null event trials. Every task block was followed by a rest block, 
during which a fixation-cross remained on screen.

3.4 Debriefing
After the scanning session, subjects were required to perform a self-paced task in which 
they rated all the faces that were presented during scanning on a scale of trustworthiness 
that ranged from 1 (highly untrustworthy) to 7 (highly trustworthy), with 4 being neutral. 
This task was intended to obtain ratings of subjectively experienced trustworthiness of all 
faces, including those that were presented during the age judgment task.

3.5 fMRI image acquisition
Brain imaging data were acquired using a 1.5 T Philips ACS-NT scanner (Philips Medical 
Systems, Best, the Netherlands). For functional scans, 2D-EPI with BOLD (blood oxygenation 
level dependent) contrast was used, with the following parameters: echo time 40 ms; 
repetition time 2500 ms; flip angle 90 degrees; field of view 192 x 192 mm. Each volume 
comprised 33 axial scans with 2.2 mm slice thickness (and a gap of 0.8 mm). Thus, voxelsize 
was 3 mm isotropic, and volumes were continuously acquired every 2.5 s in an interleaved 
fashion (bottom slice first). In total 600 volumes were acquired. In the scanner, the head 
was held in place with a strap and padding. Each run was preceded by 6 ‘dummy’ scans 
(which were not used in further analyses) to allow for T1 equilibration effects. Finally, a T1 
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weighted structural image was acquired.

3.6 fMRI image pre-processing
Image pre-processing was done using SPM2 (Wellcome Department of Cognitive 
Neurology, London, United Kingdom). All functional volumes were corrected for slice 
timing (Henson et al 1999) using the central slice in time as a reference, realigned to 
the first volume acquired and normalized to the Montreal Neurological Institute (MNI) 
standard brain (Friston et al 1995). All volumes were then smoothed with a 6 mm full-
width at half-maximum isotropic Gaussian kernel.

3.7 fMRI data analysis: whole-brain activation maps
We analyzed the data with an event-related model (Josephs et al 1997) using SPM2 
(Wellcome Department of Cognitive Neurology, London, United Kingdom). Our whole-
brain analyses were geared towards detecting brain activations in controls and patients as 
well as differences in brain activations between schizophrenia patients and healthy controls 
during explicit and implicit processing of social information. To this aim, we performed a 
general linear model (GLM) analysis with one factor modeling task condition (two levels: 
explicit and implicit social information processing) and a parametric factor modeling 
trustworthiness (ratings ranging from 1 to 7). Trustworthiness of faces was determined 
based on the judgments given by the individual subject after scanning. To create the 
regressors of interest, we modeled the presentation of each face by convolving a delta 
function at the onset of each stimulus with the standard SPM2 canonical hemodynamic 
response function (HRF) and its temporal derivative (Josephs et al 1997). These regressors 
were parametrically modulated to model subject-specific trustworthiness judgments. A 
high-pass filter with a cut-off of 128 s was included to model out low-frequency scanner 
drifts. No global scaling was applied in any of the analyses (Desjardins et al 2001). Next, 
parameter estimates pertaining to each regressor were calculated for each voxel and 
contrast images were calculated by applying linear contrasts to these parameter estimates. 
The contrast images were then entered into one-sample t-tests to test for significant 
activations related to the main effect of task, the main effect of trustworthiness and the 
effect of trustworthiness in the explicit and implicit task conditions within each group. We 
performed a two-sample t-test to compare groups regarding the main effect of task, the 
main effect of trustworthiness and the effect of trustworthiness in the explicit and implicit 
task conditions. All group maps were thresholded at p = 0.05 (family wise error (FWE) 
corrected). We report descriptively activations surviving a threshold of 0.001 uncorrected 
with an extent threshold of 5 contiguous voxels.

3.8 fMRI data analysis: region of interest analysis
In order to examine task-related activation in more detail, a region of interest (ROI) 
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based analysis was performed using areas that displayed task-related activation across 
groups. Analyzing the data in this fashion allows for the detection and examination of 
small differences between task factors, without the need to correct for statistical testing 
in brain areas that are not involved in any of the task conditions (Nieto-Castanon et al 
2003). For these ROI analyses, we performed a second GLM analysis, modeling the data 
slightly differently than during the whole-brain analysis, by using a model with six factors 
that modeled onsets of trustworthy, neutral and untrustworthy faces during both the 
explicit and implicit task conditions. Trustworthiness of faces was again determined based 
on the judgments given by the individual subject after scanning. However, in this model 
faces with trustworthiness ratings of 1-3 were labeled untrustworthy, those with rating 4 
were labeled neutral and those with ratings 5-7 were labeled trustworthy. Factors were 
convolved with the standard SPM2 canonical HRF  and its temporal derivative (Josephs et 
al 1997). A high-pass filter with a cut-off of 128 s was included to model out low-frequency 
scanner drifts and no global scaling was applied (Desjardins et al 2001).

The ROIs were obtained by selecting clusters that displayed task-related activation 
across groups (one-sample t-test; p < .0001 not corrected for multiple comparisons). 
As the prefrontal cortex is a functionally heterogeneous brain area that is involved in 
both emotional and attentional processes (Amodio and Frith 2006; Elliott et al 2000; 
Kringelbach and Rolls 2004; Yamasaki et al 2002), groups of clusters within the frontal 
cortex were separated based on functional divisions suggested in the literature (Amodio 
and Frith 2006; Kringelbach and Rolls 2004). This resulted in four sections; lateral (X>-20 
& X>20, MNI) and medial (-20 <X<20, MNI) prefrontal (2<Z<84, MNI) sections, and lateral 
and medial orbitofrontal (-51<Z<2, MNI)  sections. 

After identifying the ROIs, the averages of the regression-coefficients (obtained 
from the single subject level analyses) over all voxels for each ROI were calculated for 
each individual subject. These data were entered into a repeated-measures GLM in SPSS 
(SPSS inc.) to test for the effect of task condition (two levels: explicit and implicit social 
information processing), for the effect of  trustworthiness (three levels: trustworthy, 
neutral and untrustworthy) and for the effect of ROI (16 levels, see table 3). 

4. RESULTS

4.1 Behavioral results
On average, patients did not make significantly different trustworthiness judgments than 
controls after scanning (F (1, 31) = 0.71, p = 0.79). Mean trust ratings for patients were 3.88 
(SD = 0.173) and mean ratings for controls were 3.94 (SD = 0.13). Regarding the variability 
of the ratings however, an independent-samples t-test of the variances of trustworthiness 
ratings for each face showed that the patients’ trustworthiness judgments were more 
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variable than those of controls (t (238) = 9.95, p < 0.001), indicating that the patient group 
had a lower inter-rater agreement than the controls. Behavioral data are illustrated in figure 
1, which shows the frequencies of trustworthiness scores after scanning and frequencies 
of trustworthiness judgments during scanning.

Figure 1. (Left graph) distribution of trustworthiness judgments (1 is very untrustworthy, 7 is 

very trustworthy), (Right graph) trustworthiness judgments given during scanning

4.2 fMRI results: whole-brain activation
The whole-brain analyses were aimed at detecting brain activation in controls and 
patients as well as differences in brain activations between schizophrenia patients and 
healthy controls during explicit and implicit processing of social information. We did not 
find activations that survived a FWE corrected threshold of 0.05. However, using a more 
liberal threshold of 0.001 uncorrected with an extent threshold of 5 contiguous voxels we 
found several foci of activation.  Activations related to the main effect of task, the main 
effect of trustworthiness and the effect of trustworthiness in the explicit and implicit task 
conditions in controls and patients are displayed in table 2.

4.3 fMRI results: region of interest analysis
Regions of interest were defined as those areas showing overall task-related activation, 
combining data of controls and patients (one-sample t-test; p < .0001 not corrected for 
multiple comparisons). These criteria resulted in a comprehensive network of brain areas 
showing overall task-related activation. Across groups, performing the task was associated 
with activity in areas that have been previously shown to be involved during processing of 
social information: amygdala, prefrontal cortex, insula, anterior cingulate cortex, occipital 
cortex, right superior temporal sulcus (see table 3), as well as activity in the thalamus, 
motor reas and cerebellum.
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MNI Coordinates of 
peakactivation (mm)

Brain region Nr. of 
voxels

side x y z Max (Z)

Controls task main effect

ACC 5 R  3  27 -9  4.22

Middle temporal gyrus 8 L -54 -33 -3  4.05

Medial OFC 8 L -18  48 -6  3.85

Medial DFC 11 R  3  63  3  3.57

Controls trustworthiness main effect

Superior temporal gyrus 8 R  36 -33  0  3.67

Postcentral gyrus 6 R  45 -24  45  3.51

Middle temporal gyrus 6 L -51 -36 -6 -3.85

Controls trustworthiness during explicit task

ACC 18 L -6  39  21  4.31

Cerebellum 5 L -33 -45 -30  3.45

Cerebellum 6 L -24 -66 -30  3.45

Controls trustworthiness during implicit task

Postcentral gyrus 6 R  45 -24  45  4.36

Patients trustworthiness main effect

Lateral frontal cortex 6 R  27  18 36 -3.68

Patients trustworthiness during explicit task

Cerebellum 5 L -12 -75 -48 -3.84

Superior temporal gyrus 11 R   30 -27  3 -3.76

Patients trustworthiness during implicit task

Supramarginal gyrus 10 R  45 -57  36  4.34

Trustworthiness during implicit task controls > 
patients

Lateral frontal cortex 5 R  30  18  30  3.45

Table2. Cerebral foci of activation related to task and trustworthiness in controls and patients. 
All values, p < 0.001 uncorrected with an extent threshold of 5 contiguous voxels. Negative 
Z-values indicate a negative relation between trustworthiness and activation
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Coordinates of peak activation (mm)

ROI Voxels in ROI X Y Z Max (Z)

Left Amygdala 114 -20 -2 -17 6.21

Right Amygdala 105 17 -8 -14 6.55

Left Medial OFC 1 -14 62 -8 3.08

Right Medial OFC 15 11 56 -14 3.56

Left Lateral OFC 5 -44 53 2 3.56

Right Lateral OFC 148 38 59 -5 5.41

Right Medial DFC 8 8 68 29 3.78

Left Lateral DFC 45 -35 53 26 4.23

Right Lateral DFC 493 53 35 20 6.44

Left Insula 139 35 17 11 5.60

Right Insula 202 38 29 -2 6.36

Left Occipital 1907 -44 -68 -23 7.24

Right Occipital 2417 23 -56 -23 7.12

Left ACC 122 -5 14 44 5.82

Right ACC 93 2 26 41 5.28

Right STS 18 56 -53 8 4.38

Table2. Details of the regions of interest obtained for the overall task versus baseline contrast, 
thresholded at p < 0.001, uncorrected. DFC refers to the dorsal frontal cortex and OFC refers 
to the orbitofrontal cortex

4.4 ROI activations related to task performance
A repeated-measures general linear model with task condition (two levels: trustworthiness 
and age), trustworthiness (three levels: untrustworthy, neutral and trustworthy) and ROI 
(16 levels: see table 3) as within-subject factors and group (two levels: patients, controls) 
as between-subject factor was performed to test for group differences in neural activation 
during the implicit and explicit social information processing tasks. In cases where 
Mauchly’s test indicated that the assumption of sphericity had been violated, degrees of 
freedom were corrected using Greenhouse-Geisser estimates of sphericity.

There was a significant interaction effect between group and ROI (F (15, 17) = 3.02,  
p < 0.05), indicating that the activation pattern across ROIs differed between groups. 
Subsequent repeated-measures analyses of activation levels in the individual ROIs were 
performed to explore this interaction and these revealed a significant overall reduction 
of right amygdala activation in the patient group, as compared to the controls (F (1, 31) = 
4.36,  p < 0.05). In the left amygdala, trustworthiness had a different effect on activation 
levels in the patient group than in the control group (F (1.55, 48.13) = 4.07,  p < 0.05), 
with left amygdala activation being significantly lower in patients than controls during 
judgments of trustworthy faces (independent-samples t-test, t (31) = 2.55, p < 0.05, fig. 2)
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Figure 2. In the right amygdala ROI, overall activation levels differed significantly between 
patients and controls. In the left amygdala ROI, trustworthiness had a different effect on 
activation levels in patients than in controls. The graphs on the right illustrate mean task-
related activation levels within these ROIs (in arbitrary units, with error bars depicting SEM) 
* indicates p < 0. 05

In the right insula, trustworthiness also had a different effect on activation levels in the 
patient group than in the control group, with patients displaying an increase and controls 
displaying a decrease in activation as trustworthiness of the faces decreased (F(2, 30) = 
3.37, p < 0.05), see figure 3. However, no significant group differences were found when 
testing activation at individual levels of trustworthiness in the right insula ROI using 
independent-samples t-tests. 

Furthermore, a trustworthiness by task by group interaction was found in the left 
medial OFC (F (1.59, 49.21) = 6.29, p < 0.01), see figure 4. Two subsequent repeated-measures 
analyses, one for implicit (age) and one for explicit (trustworthiness) task conditions, with 
trustworthiness as within-subject factor and group as between-subject factor, revealed a 
group by trustworthiness interaction in the explicit task condition (F(1.61, 46.15) = 5.45,  p 
< 0.05), but not in the implicit condition. Next, independent-samples t-tests in the explicit 
condition showed that left medial OFC activation was reduced in patients as compared to 
controls during judgments of neutral faces in the explicit task condition (t (31) = 2.47, p = 
0.02).
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Figure 3. The effect of trustworthiness was different for patients than controls in the right 
insula. The graph on the right illustrates mean task-related activation levels within the right 

insula ROI (in arbitrary units with errorbars depicting SEM)

Figure 4. The effect of trustworthiness on activation levels in the left medial OFC ROI was 
different in patients than in controls The graphs illustrate mean task-related activation levels 
within the left medial OFC ROI (in arbitrary units with errorbars depicting SEM)  * indicates p 
< 0. 05
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5. DISCUSSION

We aimed to examine whether brain activity underlying social decision-making is 
abnormal in schizophrenia, using a social decision-making paradigm that involves making 
trustworthiness judgments. In our whole-brain analyses we did not find significant 
activations that survived a FWE corrected threshold of 0.05. However, when exploring 
overall task-related activation across groups at a more liberal threshold in order to define 
ROIs for our ROI analyses, we found a more comprehensive network of activation. Across 
groups, performing the task engaged a network of brain areas that are commonly reported 
to be activated during social decision-making. Furthermore, when using ROI based 
analyses, our results indicate that this network is impaired in patients with schizophrenia. 
Our main findings are, that compared to controls, patients displayed specific reductions in 
amygdala and left medial OFC activation, as well as a dissimilar effect of trustworthiness 
on activation in the right insula. These findings will be discussed below.

Patients displayed decreased amygdala activation compared to controls and 
this finding replicates the results of several previous studies (Aleman and Kahn 2005). We 
hypothesize that this decreased activation is not the result of an inability to activate the 
amygdala per se, because left amygdala activity was found to increase in patients when 
faces were judged to be neutral or trustworthy (figure 2), but rather reflects an inability 
to recruit the amygdala fully when making judgments of trustworthiness. Notably, left 
amygdala activity was most strongly decreased in patients compared to controls in 
response to trustworthy faces. Several studies have demonstrated that amygdala activation 
during encoding enhances memory retrieval of emotional stimuli (Cahill et al 1996; Canli 
et al 2000; Hamann et al 1999). Seen in this light, the specific reduction in response to 
trustworthy faces is consistent with a recent study that demonstrated that patients with 
schizophrenia fail to display a memory enhancement for positive emotional stimuli which 
is normally found in healthy subjects, although the patients’ memory enhancement for 
negative images did not differ from that of healthy participants (Herbener et al 2007).

In addition to reduced amygdala activation, we found that trustworthiness of faces 
had a different effect on activation levels in the right insula in patients than in controls, 
with patients displaying an increase and controls displaying a decrease in activation as 
trustworthiness of the faces decreased. This finding is consistent with a recent 
finding of increased right insula activity in schizophrenia patients as compared to controls 
during a visual oddball task (Gur et al 2007b). As activation of the right insula has been 
linked to risk taking during decision-making (Paulus et al 2003), we conjecture that the 
pattern of activation in the right insula of patients is likely to reflect decreased confidence 
when their judgments concerned less trustworthy faces.

Compared to controls, patients displayed significantly reduced activation of the 
left medial OFC in response to neutral faces during the trustworthiness task condition. 

subunits
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This finding is consistent with earlier findings of reductions in ventromedial prefrontal 
cortex activity during rest as well as during implicit and explicit emotion perception 
tasks (Galeno et al 2004; Taylor et al 2002; Williams et al 2004). Additional imaging studies 
of social cognition in schizophrenia patients that used theory of mind tasks (Brunet 
et al 2003; Russell et al 2000) and empathy and forgivability tasks (Lee et al 2006) also 
report reduced prefrontal cortical activity in patients. By contrast, a study of subjects at 
enhanced risk of schizophrenia found an increase in prefrontal cortex activity in a subset 
of the enhanced risk group during theory of mind task (Marjoram et al 2006). However, to 
our knowledge, lower medial OFC activation in patients with schizophrenia during social 
information processing has not been previously reported in the literature. The medial part 
of the OFC is normally involved in decoding and outcome monitoring of the reward value 
of reinforcers (Elliott et al 2000; Kringelbach and Rolls 2004) and neurological patients 
with injury to the ventromedial prefrontal cortex, which includes the medial OFC, display 
abnormalities in emotion, affect, personality and (social) decision-making (Bechara and 
Van der Linden 2005; Damasio 1994). These abnormalities overlap considerably with the 
abnormalities commonly found in schizophrenia and we therefore interpret the present 
finding of lower medial OFC activation in patients to be related to the impairments in 
social cognition that are often seen in schizophrenia. This notion is consistent with 
previous morphological studies revealing decreases in gray matter density in the medial 
and lateral OFC in schizophrenia (Hulshoff Pol et al 2001a). Such reductions of the medial 
OFC have been found to be correlated with loss of white matter density in the corpus 
callosum (Pol et al 2004) and, at the behavioral level, with reduced premorbid and post 
diagnosis social function as well as more severe negative symptomatology (Baare et al 
1999; Chemerinski et al 2002). It should be noted however, that normal functioning of the 
medial OFC depends on the integrity of other neural structures, particularly the insula, 
dorsolateral prefrontal cortex (DLPFC) and amygdala (Bechara and Van der Linden 2005; 
Ernst and Paulus 2005). Importantly, the latter structure also displayed significantly lower 
activity in patients in the present study.

With these differences in brain activation in mind, one would expect 
corresponding differences in trustworthiness judgments. Although the average subjective 
trustworthiness judgments of controls and patients are not different, patients do make 
more variable judgments (figure 1a), which could imply that patients make more random 
judgments. 

It should be noted that the patient group that participated in the present study 
consisted of patients who were outpatients at the time of the study and who were not 
very ill (table 1); this might be a limitation to the extendibility of the present findings to 
patient groups with strong symptomatology. Also, it is presently unclear which aspects of 
abnormal social cognition in schizophrenia are more state than trait related. For instance, 
Drury at al. found that difficulties in interpreting interpersonal contexts are more state than 
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trait related (Drury et al 1998). Inoue et al., on the other hand, found that deficits in theory 
of mind in schizophrenia are trait related (Inoue et al 2006). Finally, most of our findings 
were not highly statistically significant. A reason for this could be that the paradigm is 
relatively insensitive to schizophrenia. Also, the patient group that participated in the 
present study was rather small and as a consequence the statistical power of the present 
study was relatively low. 

Taken together, our findings suggest that brain activation during social decision-
making in schizophrenia is characterized by specific alterations in the activation of the 
amygdala, the insula and the medial OFC; areas that play key roles in the network that 
underlies social decisions. It seems plausible that these abnormalities are related to the 
impairments in social cognition that are often seen in schizophrenia.
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1. ABSTRACT

Serotonin transporter genotype and life stress have been found to influence amygdala 
activation in depression. Because the amygdala is thought to play a role in paranoia, 
we used functional magnetic resonance imaging (fMRI) to examine whether serotonin 
transporter genotype and life stress influence amygdala activation in paranoia as well. 
During an fMRI session, 39 healthy subjects performed an emotion perception task, 
which has been previously shown to robustly engage the amygdala. The subjects were 
genotyped for 5-HTTLPR genotype. Life stress and paranoia were measured using self 
report questionnaires. Serotonin transporter genotype and life stress were found to 
influence both the level of paranoia experienced by the subjects. Furthermore, serotonin 
transporter genotype was related to amygdala activation. In addition, life stress effects on 
paranoia interacted with genotype. However, no direct link was found between amygdala 
activation levels and paranoia. The results of the present study demonstrate that serotonin 
transporter genotype and environmental factors play a role in paranoia. The findings also 
suggest that paranoia is not simply the result of enhanced amygdala activation

2. INTRODUCTION

Paranoia, or persecutory thinking, consists of the unfounded suspicion that others have the 
intention to cause harm. Persecutory thoughts are regarded as a hallmark characteristic of 
severe mental illnesses such as schizophrenia, but they are also a common experience in 
the non-clinical population. In a recent review of the literature, Freeman (Freeman 2007) 
concludes that at least 10-15% of the general population regularly experience paranoid 
thoughts. What is more, delusions such as paranoia have been associated with distress and 
significant impairment in professional and social functioning in the general population 
(Olfson et al 2002), making the understanding of the mechanisms that cause paranoia 
crucial.

Although the underlying causes of paranoia are presently unknown, several 
theories have been postulated. For example, Blackwood et al. (Blackwood et al 2004) 
have noted that paranoia may be caused by a disturbance of the psychological processes 
involved in the formation and maintenance of normal social beliefs. These psychological 
processes include: (1) the selection of social information in the environment that is relevant 
to oneself, and (2) subsequent inferential processing that uses this social information 
to determine the intentions of others towards oneself. Regarding the first process, it 
has been proposed that paranoia may reflect normal inter-individual variation in the 
sensitivity of the neural mechanisms which evolved in humans to facilitate the efficient 
detection of threat (Green and Phillips 2004). At the neurobiological level, several lines 
of evidence suggest that the amygdala, a key component of this neural threat-detection 
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mechanism, is involved in the genesis of paranoia. Firstly, in neuroimaging studies, the 
human amygdala has been consistently found to play a primary role during the detection 
of social threat (Larson et al 2006; Morris et al 1996; Phillips et al 1999a; Phillips et al 
1999b; Suslow et al 2006). Secondly, it has become clear that anxiety plays an important 
role in the development (Freeman et al 2005a; Freeman et al 2003) and subjective 
experience (Campbell and Morrison 2007) of paranoia. As the amygdala is implicated in 
the pathophysiology of anxiety disorders (Rauch et al 2003) in general, and social anxiety 
disorders in particular (Etkin and Wager 2007), it seems plausible that it is also implicated 
in paranoia. Thirdly, it has been hypothesized that enhanced amygdala responses, caused 
by impaired prefrontal modulation, exist in paranoia and psychosis (Aleman and Kahn 
2005; Broome et al 2005; Grace 2003a). Such enhanced amygdala responses, in turn, are 
thought to result in increased salience and overreaction to emotional and threatening 
stimuli. Indeed, several studies of subjects with schizophrenia have reported associations 
between amygdala reactivity and paranoia. However, the findings of these studies appear 
to be inconsistent. A functional magnetic resonance imaging (fMRI) study by Phillips et al. 
reports greater amygdala activation in paranoid, relative to non-paranoid subjects with 
schizophrenia (Phillips et al 1999a), a finding which is supported by an independent finding 
of a positive correlation between positive symptoms and left amygdala activity, measured 
using positron emission tomography (PET) (Taylor et al 2002). By contrast, two fMRI 
studies report greater amygdala activation in non-paranoid, relative to paranoid subjects 
with schizophrenia (Williams et al 2007; Williams et al 2004). The apparent inconsistency 
of these findings may be related to the different task paradigms and imaging techniques 
that were used. 

In most models that seek to explain the etiology of psychotic symptoms in terms 
of abnormal neural function, both genetic and environmental factors play a role. For 
example, the neurodevelopmental model of psychosis, originally proposed by Weinberger 
(1987), argues that individuals who develop psychosis have a premorbid neurobiological 
lesion from early in life, which interacts with normal brain maturational events. Thus, 
the model postulates that genetic and/or environmental insults in early life lead to 
abnormal brain development, which predisposes to later onset of psychosis. In order 
to explain the timing of onset and the existence of sub-clinical psychotic experiences, 
more recent formulations of the model suggest an interaction between biological and 
social factors in a cascade of increasingly deviant development (Broome et al 2005). In 
vulnerable individuals, stress can trigger particular emotional and cognitive changes, 
which result in anomalies of conscious experience, such as paranoia (Frith 2005). Many 
studies have provided support for the suggested link between environmental factors 
such as childhood trauma (Bebbington et al 2004; Johns et al 2004; Spauwen et al 2006) 
or urbanicity (Krabbendam and van Os 2005) and psychosis. However, to our knowledge, 
only few studies have specifically focused on the interaction between environmental and 
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genetic factors in the genesis of psychosis: two studies that used indirect measures of 
genetic risk suggest an interaction effect between environmental factors and familial 
morbid risk (van Os et al 2003; van Os et al 2004) and one study, which also used indirect 
measures of genetic risk, suggests an interaction effect between environmental factors 
and psychosis liability (Van Os et al 2005). Thus, although it seems increasingly likely that 
genetic and environmental factors are involved in psychosis and possibly paranoia, to our 
knowledge no studies have measured where these gene-environment interactions take 
place in the brain. 

There are, however, new advances in the fields of molecular biology and 
neuroimaging, which have led to the development of the imaging genetics approach 
(Hariri et al 2006), i.e. the investigation of genetic effects on brain function using 
neuroimaging. These developments have provided researchers with new tools for 
studying the effects of genes on brain function in vivo. Interestingly, recent work by 
Canli et al. (Canli 2007) which involved such an imaging genetics approach, found that in 
depression, the effect of previously experienced life stress on amygdala and hippocampal 
resting state activation is moderated by a polymorphism in the serotonin transporter 
(5-HTT) gene, thus demonstrating a direct gene-by-environment interaction in neural 
mechanisms underlying psychopathology. Since it involves the amygdala, this finding 
is particularly interesting when considering the theories about the etiology of paranoia 
that are described above. Furthermore, 5-HTTLPR (5-HTT-linked polymorphic region) 
genotype has been associated with anxiety sensitivity (Stein et al 2008) and neuroticism 
(Lesch 2004), a personality trait that correlates well with anxiety (Eysenck and Eysenck 
1975).

Because paranoia has been has been associated with amygdala function and 
anxiety, and both 5-HTTLPR genotype as well as the amount of previously experienced 
life stress have been associated with amygdala function and anxiety, the current fMRI 
study sought to directly investigate whether 5-HTTLPR genotype and life stress could 
play a role in the etiology of paranoia, possibly by modulating amygdala function. We 
chose to study paranoia in a non-clinical population, because findings in non-clinical 
populations are not influenced by confounding factors such as antipsychotic medication 
or hospitalization. We expected that the level of paranoia would be related to the level of 
reactivity of the amygdala, which would in turn be influenced by 5-HTTLPR genotype and 
life stress. Given the subtle and diffuse effects of genetic variation on complex emergent 
cognitive phenomena (Hariri et al 2006), we used fMRI during the viewing of fearful 
social stimuli to directly measure the effects of 5-HTTLPR genotype on the reactivity of 
corticolimbic circuits involved in social perception. We specifically aimed to determine: 
(1) how paranoia relates to corticolimbic reactivity in general, and amygdala reactivity in 
particular, (2) whether 5-HTTLPR genotype and life stress exert effects on paranoia-related 
corticolimbic reactivity and (3) whether 5-HTTLPR genotype and life stress are related to 
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the level of paranoia experienced by the subjects. To this aim, we measured paranoia and 
previously experienced life stress using questionnaires in a group of 40 healthy volunteers 
who were tested for the presence of a 5-HTTLPR short allele. In order to increase statistical 
power, 20 of these subjects were selected from a larger cohort based on their high levels 
of sub-clinical paranoia, and the remaining 20 subjects were selected from the same 
cohort based on their low levels of paranoia. Given the neurobiological models and earlier 
imaging findings from anxiety and schizophrenia studies described above (Grace 2003a; 
Grace 2003b; Morris et al 1996; Phillips et al 1999a; Taylor et al 2002), we hypothesized 
that higher levels of paranoia would be associated with higher levels of amygdala 
reactivity to fearful social stimuli. Furthermore, we anticipated that subjects with a copy 
of the 5-HTTLPR short variant would display higher levels of amygdala reactivity, relative 
to subjects homozygous for the long variant (Hariri et al 2002b). In addition, based on 
the earlier imaging genetics work described above (Canli 2007), we conjectured that the 
amount of previously experienced life stress would be related to amygdala reactivity and 
that this relation would be more pronounced in carriers of a 5-HTTLPR short variant, relative 
to subjects homozygous for the long allele. At the behavioral level, we hypothesized that 
the level of paranoia would mirror the effects of 5HTTLPR genotype and life stress on 
the reactivity of the amygdala, with carriers of a 5-HTTLPR short variant displaying more 
intense paranoia than subjects homozygous for the long variant.

3. MATERIALS AND METHODS

3.1 Participants
A group of 40 right-handed subjects (30 female subjects, mean age ± SD: 20.4 ± 1.6) was 
selected from a large cohort of 400 undergraduate college students based on their scores 
on two questionnaire measures of paranoia: the Fenigstein et al. Paranoia Scale (Fenigstein 
and Vanable 1992), which was developed to measure paranoia in college students, and the 
Paranoia Checklist (Freeman et al 2005b), which was developed to investigate paranoid 
thoughts of a more clinical nature than those assessed in the Paranoia Scale. We combined 
scores on these measures to a single paranoia score. In order to maximize statistical 
power, we included subjects from the extremes of the paranoia spectrum. Accordingly, 
the 20 subjects (15 female subjects, mean age ± SD: 20.0 ± 1.1) with the highest 5% 
paranoia scores, and the 20 subjects (15 female subjects, mean age ± SD: 20.9 ± 1.8) with 
the lowest 5% paranoia scores were included in the study. Subjects were not taking any 
medication and did not meet diagnostic criteria for any psychiatric disorder according to 
the Mini-International Neuropsychiatric Interview plus 5.0.0 (M.I.N.I.) (Sheehan et al 1998). 
The present study was carried out in accordance with the declaration of Helsinki and the 
study design was reviewed and approved by the local human ethics committee. Informed 
written consent was obtained from all participants after the nature of the procedures had 
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been fully explained.

3.2 Baseline Assessment before Scanning
All subjects completed the Life Stressor Checklist-Revised (LSC-R) (Wolfe and Kimerling 
1997), a self-report measure that assesses previous life events that meet the definition 
of trauma in the DSM-IV (A.P.A. 1994). Subjects also completed the  State-Trait Anxiety 
Scale (STAI; (Spielberger et al 1983) and the Behavioral Inhibition System (BIS)/ Behavioral 
Activation System (BAS) questionnaire (Carver and White 1994).

3.3 Genetic Analysis of the Serotonin Transporter Gene
DNA isolation and analysis was conducted on blood samples using standard procedures. 
In order to prevent possible arousal effects from venipuncture, blood samples were not 
obtained on the day of the fMRI experiment. Subjects were genotyped for 5-HTTLPR 
variation following previously published protocols (Kraft et al 2005). For our analyses, 
we dichotomized the 5-HTTLPR groups according to the presence of a short variant (s/s 
and s/l, S group) or the absence of a short variant (l/l, L group). This dichotomization was 
based on the literature (Canli 2007) and on the finding that serotonin reuptake in human 
lymphoblastoid cells is comparable for cells that carried either one or two copies of the 
5-HTTLPR short variant, whereas cells that were homozygous for the 5-HTTLPR long variant 
had an approximately two-fold higher reuptake (Lesch et al 1996). In addition, there were 
only four subjects with two short alleles in our sample, which would have lead to power 
problems in subsequent regression analyses had we used three 5-HTTLPR groups.

3.4 Emotion task
During the scanning session, participants were required to perform a psychological task 
that has been consistently shown to robustly engage both subcortical and cortical areas 
involved in social emotion perception (Hariri et al 2000b; Hariri et al 2005; Hariri et al 
2002a; Pezawas et al 2005; Tessitore et al 2002). This fMRI task consisted of two blocks of 
an emotion task, interleaved with three blocks of a sensorimotor control task. During the 
emotion task, subjects viewed trials which consisted of a set of three faces each, expressing 
either anger, fear or an emotionally neutral expression, and are required to select one of 
two faces (bottom) identical to a target (top), using a button press. Each emotion task 
block consists of six target images, three of each gender and three of each target affect 
(angry, fear) all derived from a standard set of pictures of facial affect (Ekman and Friesen 
1976). During emotion task blocks, each image is presented for 5 seconds. During the 
sensorimotor control task, subjects view a set of three simple geometric shapes (circles, 
vertical and horizontal ellipses) and are required to select one of two shapes (bottom) 
identical to a target shape (top), again using a button press Each sensorimotor control 
block consists of six different images presented sequentially for 5 seconds. Subject 
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performance was measured with accuracy (percent correct responses) and reaction time 

(milliseconds).

3.5 Functional MRI Image Acquisition
Subjects were scanned using a Philips Achieva 3T scanner (Philips Medical Systems, Best, 
The Netherlands). The subjects’ head was held in place with a strap and padding.
During the functional run, 212 blood oxygenation level dependent (BOLD) volumes were 
acquired with a three-dimensional (3D) echo planar imaging (EPI), sensitivity encoding 
(SENSE) (Pruessmann et al 1999) sequence, using the following parameters: echo time 
[TE] = 23 milliseconds; repetition time [TR] = 34 milliseconds; flip angle = 12º; Field of 
view [FOV] (anterior-posterior, inferior-superior, right-left) = 224 x 256 x 144 millimeter; 
matrix = 56 x 64 x 36; voxel size = 4 millimeter isotropic; SENSE factors R = 1.7  (anterior-
posterior, p-reduction) and R = 1.4 (left-right, s-reduction). In addition, a T1 weighted 
structural image was acquired, using the following parameters: echo time [TE] = 4.6 
milliseconds; repetition time [TR] = 10 milliseconds; flip angle = 8º; Field of view [FOV] 
(anterior-posterior, inferior-superior, right-left) = 240 x 240 x 144 millimeter; matrix = 300 
x 300 x 180; voxel size = 0.8 millimeter isotropic.

3.6 Functional MRI data preprocessing
Each functional run was subjected to preprocessing steps using SPM5 (Wellcome 
Department of Imaging Neuroscience, London, United Kingdom). All fMRI data were 
motion corrected, co-registered, linear detrended using a high-pass filter with a cutoff 
of 128 s, normalized to the Montreal Neurological Institute (MNI) standard brain (Friston 
et al 1995) and then smoothed with an 8 millimeter full-width at half maximum isotropic 

Gaussian kernel.

3.7 Statistical analysis
Predetermined condition effects at each voxel were calculated using a t statistic, producing 
a statistical image for the contrast of the emotion task versus the sensorimotor control 
task for each subject. At the group level of analysis, we used tree models: the first model 
was a regression model in SPM5 aimed at identifying overall task-related activity. The 
second model was a regression model in SPM5 in which we entered paranoia scores of 
the subjects as a regressor. This was done to determine which brain areas are associated 
with the level of paranoia experienced by the subjects. The third model was a multiple 
regression model in SPM5 in which we entered three regressors: 5-HTTLPR genotype (S 
and L groups), life stress and the interaction of 5-HTTLPR genotype and life stress. In order 
to determine whether activation in brain areas that associate with paranoia is modulated 
by 5-HTTLPR genotype and life stress, we used the statistical map of the second analysis 
(thresholded at p < .001 uncorrected) as a mask for the statistical analysis of our third 
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model. We descriptively report activations surviving a threshold of p < .001 uncorrected, 
with an extent threshold of 5 contiguous voxels (Table 2). Overall activations for the main 
contrast of interest (emotions versus sensorimotor control) across all subjects is also 
displayed in table 2, thresholded at p <  .05, family wise error corrected.
Because we had a strong a priori hypothesis with regard to the response of the amygdala, 
we performed a separate analysis on averaged amygdala activation. For this analysis, we 
calculated average regression-coefficients from the contrast of the emotion task versus 
the sensorimotor control task for each subject across all voxels within a left amygdala 
and a right amygdala region of interest (ROI). These averages, two for each subject, 
were entered into a repeated measures general linear model (GLM) in SPSS (SPSS inc.) 
to test for the effects of laterality (left and right amygdala), 5-HTTLPR genotype (S and L 
groups) and life stress. Our amygdala ROIs were anatomically defined, based on averages 
of normalized amygdala segmentations from 21 healthy subjects who participated 
in another study, which was performed at our hospital (Palmen et al 2006). Amygdala 
segmentations commenced in the first slice where the structure was discernible after the 
anterior commissure no longer appeared as a continuous tract. The lateral border was 
defined by the surrounding white matter and the inferior horn of the lateral ventricle. 
Posteriorly, the amygdala was bordered by the hippocampus. The medial border was 
formed by the cerebrospinal fluid, excluding the entorhinal cortex. The superior border 
was formed by a straight line from the supero-lateral aspect of the optic tract to the most 
infero-medial point of the inferior portion of the circular sulcus. The right amygdala ROI 
consisted of 15, and the left amygdala ROI of 14 (4 mm isotropic) voxels. A non-resliced 
image of the right amygdala ROI used in the present study is shown in Figure 1.

4. RESULTS

4.1 Sample demographics and questionnaires
The genotype distribution in our sample was in accordance with the Hardy-Weinberg 
equilibrium and genotype frequencies were 38.5 % l/l, 48.7% l/s and 12.8 % s/s. We were 
unable to determine the 5-HTTLPR genotype of one male subject from the low paranoia 
group. As a consequence, the data that originated from this subject were not included in 
any of your analyses.
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Mean (SD) Range

Age 20.4 (1.6) 19 - 26

Gender 30 F

5-HTTLPR S/L Group Members 24 S/ 15 L 

Fenigstein Paranoia Scale 22.8 (17.3) 0 – 51

Paranoia Checklist

    Frequency 9.6 (10.1) 0 – 34

    Degree of Conviction 9.9 (10.9) 0 – 33

    Distress 8.9 (10.4) 0 – 36

    Total 28.5 (29.9) 0 – 98

LSC-R 6.2 (4.9) 0 – 23

State Anxiety 32.6 (9.3) 20 – 53

Trait Anxiety 40.5 (7.6) 22 – 57

BIS 19.5 (4.5) 10 – 27

BAS

    Drive 12.7 (1.9) 31 – 51

    Fun Seeking 11.7 (2.4) 5 – 16

    Reward Responsiveness 15.9 (2.3) 9 – 20

    Total 40.3 (4.6) 31 – 50

Table1. Demographics of the sample. LSC-R, life stressor checklist – Revised; BIS, behavioral 

inhibition system; BAS, behavioral activation system

4.2 Behaviour
All subjects were well able to perform both the sensorimotor control and the emotion 
task and we found that paranoia was not related to task performance. To test whether 
more errors were made in one task condition compared to the other, we performed a 
paired-samples t-test on the number of errors on the two tasks. This analysis revealed an 
effect of task (t(38) = 2.28 , p < .05); more errors were made on the emotion task. 

Consistent with our hypotheses, 5-HTTLPR genotype (F(1, 35) = 6.56 , p < .05) as 
well as the interaction between 5-HTTLPR and life stress (F(1, 35) = 6.11 , p < .05) affected 
the level of paranoia experienced by the subjects. Contrary to our hypothesis, however, the 
S group displayed lower levels of paranoia than the L group. Although both relationships 
were not significant, there was a positive relationship between life stress and paranoia 
scores in the S group (r = .33, p = .12), but a negative relationship between life stress and 
paranoia scores in the L group (r = -.47, p = .08).

4.3 Neuroimaging: whole brain analysis
Table 2 displays the results for the main fMRI contrast of interest (emotions versus 
sensorimotor control) across the sample. This demonstrated activation in regions commonly 
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activated by this task, including the fusiform gyrus, the amygdala, parahippocampal 
gyrus, insula and prefrontal areas. Also shown are activations associated with the level 
of paranoia experienced by the subjects and activations associated with 5-HTTLPR 
genotype. However, none of the latter activations survived FWE correction. The amygdala 
is not separately listed in Table 2, as it was contiguous with larger clusters of significant 
voxels in the parahippocampal gyrus. 

To establish which brain regions most strongly mediate the 5-HTTLPR genotype 
and 5-HTTLPR by life stress interaction effects on the level of paranoia, which we found in 
our behavioral data, we used the activation map of activations associated with paranoia 
to mask our multiple regression analysis of 5-HTTLPR genotype (S and L groups), life 
stress and the interaction of 5-HTTLPR genotype and life stress. We found no significant 
5-HTTLPR genotype and 5-HTTLPR by life stress interaction effects on neural activation in 
brain areas that associate with paranoia.

4.4 Neuroimaging: region of interest analysis
Our sample displayed significant strongly bilateral amygdala activation by the task (Table 
3). To assess the effects of 5-HTTLPR genotype, life stress and laterality on amygdala 
activation, we performed a repeated measures GLM on averaged regression coefficients 
for the main contrast of interest (emotions versus sensorimotor control) across the left 
and right amygdala ROIs. There was a significant laterality by genotype interaction (F(1, 
35) = 4.50 , p < .05), indicating that genotype had a different effect on left than on right 
amygdala activation. None of the other main effects or interactions from this analysis 
reached significance. We performed subsequent independent-samples t-tests of both the 
left and right amygdala averages to explore the laterality by genotype  interaction, which 
revealed that 5-HTTLPR genotype had a significant effect on averaged right amygdala 
activation (t(37) = 2.12 , p < .05), with the S group displaying stronger reactivity (Figure 
1). The effect of genotype in the left amygdala was highly non-significant (t(37) = .12 , 
p > .9). Additional correlation analyses revealed almost no relation between the level of 
paranoia experienced by the subjects and left (r = .16, , p = .49),  and right (r = -.10, , p = 

.54) amygdala activation levels.
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          Talairach

Region L/R BA No. Voxels x y z Max.
(Z)

Overall task related activity 

    Fusiform gyrus L 18 1253 -20 -86 -15 Inf

    Parahippocampal gyrus L 27 154 -20 -31 -3 7.18

    Middle frontal gyrus/ DLPFC R 9 210 47 15 28 7.07

    Middle frontal gyrus/DLPFC L 46 150 -49 22 27 6.83

    Insula L 13 28 -34 21 6 5.98

    Superior frontal gyrus L 6 63 -2 5 52 5.81

    Superior temporal gyrus R 22 11 51 -38 9 5.63

    Inferior frontal gyrus R 13 10 36 24 7 5.50

    Superior parietal lobule R 7 19 28 -58 39 5.31

Paranoia related activity, (second model)

    Posterior Cingulate R 30 13 2 -44 11 3.92

    Parahippocampal gyrus R 35 5 18 -22 -16 3.91

    Posterior Cingulate L 23 16 -1 -63 16 3.89

    Posterior Cingulate L 29 7 -60 -6 6 3.62

    Middle temporal gyrus L 21 5 -56 -7 -15 3.59

    Posterior Cingulate R 30 5 13 -63 9 3.52

    Parahippocampal gyrus R 19 5 14 -42 -3 3.34

    Posterior Cingulate L 30 5 -16 -63 12 3.29

    Medial frontal gyrus L 10 6 -1 58 10 3.25

5-HTTLPR  related activity (third model), L group > S group

    Middle frontal gyrus L 46 9 -40 32 24 3.86

Table2. Clusters of above threshold voxels that were found using a random effects analysis 
for the main contrast of interest (emotions versus sensorimotor control). Overall activity 
values were thresholded at p < .05 family wise error (FWE) corrected.  All paranoia and 
5-HTTLPR  related activity was thresholded at  p < .001 uncorrected, with an extent 
threshold of 5 contiguous voxels. BA, Brodmann Area. DLPFC, Dorsolateral Prefrontal 
Cortex.  Talairach coordinates refer to centre of intensity

          Talairach

No. Voxels X Y Z Max (Z) Region

Amygdala reactivity

11 -20 -5 -13 5.60 Left amygdala

7 20 -5 -13 5.73 Right amygdala

Table3. Clusters of active voxels within the left and right amygdala ROIs for the main contrast 
of interest (emotions versus sensorimotor control), thresholded at p < .05, corrected for all 
voxels in the amygdala ROIs.
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Figure 1. The right amygdala ROI that was used, overlaid onto an averaged structural MRI, with 
a graph showing the effect of genotype on averaged right amygdala task related activity (in 
% signal change) for the main contrast contrast of interest (emotions versus sensorimotor 
control) in the S and L groups, with error bars depicting SEM. * indicates p < .05

5. DISCUSSION

The present study used fMRI in combination with genotyping procedures and 
questionnaire measures to examine how genetic and environmental factors affect the 
level of paranoia in a sub-clinical population. We expected that the level of paranoia would 
be related to reactivity of the amygdala, which would in turn be influenced by 5-HTTLPR 
genotype and life stress. The main goals of this study were to test: (1) how paranoia relates 
to corticolimbic reactivity in general, and amygdala reactivity in particular, (2) whether 
5-HTTLPR genotype and life stress exert effects on paranoia-related corticolimbic and 
amygdala reactivity and (3) whether 5-HTTLPR genotype and life stress are related 
to the level of paranoia experienced by the subjects. We replicate earlier findings that 
carriers of the 5-HTTLPR short variant (S group), on average, display stronger reactivity 
of the right amygdala, relative to subjects homozygous for the long variant (L group). 
Interestingly, our results indicate that the S group was characterized by significantly lower 
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levels of paranoia than the L group. Additionally, life stress had a dissimilar effect on the 
level of paranoia in subjects in the S group than in the L group, thus showing a gene by 
environment interaction. To our knowledge, this is the first evidence for a combined role 
of 5-HTTLPR genotype and life stress in the etiology of paranoia. However, in contrast to 
our hypothesis, amygdala reactivity was not related to the level of paranoia experienced 
by the subjects. Thus, the effect of 5-HTTLPR genotype on the level of paranoia cannot 
be mainly attributed to increased amygdala reactivity. These findings will be discussed 
below.

Using a social emotion-perception task previously demonstrated to engage 
corticolimbic circuitry, we found emotion processing activity in regions commonly 
activated by this task, including the fusiform gyrus, the amygdala, parahippocampal gyrus, 
insula and prefrontal areas. Consistent with earlier imaging genetics findings (Bertolino 
et al 2005; Canli 2007; Canli et al 2005; Furmark et al 2004; Hariri et al 2005; Hariri et al 
2002b), we found that the S group displayed stronger reactivity of the right amygdala and 
not the left amygdala. This right lateralized effect on amygdala activation is untypical for 
functional imaging studies in general, given that findings from meta-analyses (Baas et al 
2004; Phan et al 2002b) indicate that functional imaging studies commonly report more 
left-lateralized amygdala activation. Although the variables that predict lateralization 
of amygdala activation in relation to 5-HTTLPR genotype have not yet been defined, a 
recent meta-analysis study of amygdala activations suggests a potential clue as to the 
origin of this relation (Sergerie et al 2008). In addition to confirming the findings of left 
lateralized amygdala activity from the earlier meta-analyses, the meta-analysis revealed 
an interaction between experimental design and laterality, with the lateralization effect 
only being apparent in experiments using a block design and not in experiments using an 
event-related paradigm. This finding provides strong support for a previously suggested 
(Phillips et al 2001; Whalen et al 1998; Wright et al 2001) dissociation between the left and 
right amygdala function in terms of temporal dynamics, namely a short-duration response 
of the right amygdala and a more sustained response of the left. In this view, averaging 
activity over a block results in higher averages for the left than for the right amygdala, 
because right amygdala activity levels return to baseline more rapidly. Event-related 
designs on the other hand, prevent habituation from taking place and consequently both 
left and right amygdala responses display a comparable departure from baseline. If the 
5-HTTLPR short allele is associated with decreased inhibition of amygdala activation, for 
instance by altered feedback regulation of the amygdala by other brain areas such as the 
medial and perilimbic prefrontal cortex or the anterior cingulate cortex (ACC), this would 
result in more sustained amygdala responses in carriers of the 5-HTTLPR short variant, 
relative to people homozygous for the long variant. Earlier work by others (Heinz et al 
2005; Pezawas et al 2005) found that short carriers indeed display altered coupling in 
feedback circuits involved in regulating amygdala activation, thus providing evidence for 
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5-HTTLPR related alterations of amygdala regulation. Since the left amygdala normally 
already displays sustained activation relative to the right, the right amygdala is likely to 
display a more pronounced increase than the left regarding the duration of its response. 
As a consequence, comparing amygdala activations in 5-HTTLPR short carriers to those in 
subjects homozygous for the long version using a block design is likely to result in findings 
of more pronounced differences in averages of right, relative to left amygdala activations. 
Indeed, of the 5-HTTLPR neuroimaging studies mentioned in a recent meta-analysis that 
report a main effect of 5-HTTLPR genotype on amygdala activation (Munafo et al 2008), 
only three studies found bilateral effects of 5-HTTLPR genotype on amygdala activation 
and these used either an event-related design (Heinz et al 2005), perfusion imaging during 
rest (Rao et al 2007) or very brief (subconscious) presentations of stimuli (Dannlowski et 
al 2008). By contrast, the majority of studies report right lateralized amygdala activity 
(Bertolino et al 2005; Canli et al 2005; Furmark et al 2004; Hariri et al 2005; Hariri et al 
2002b), and these invariably used block designs. 

Our analysis of 5-HTTLPR genotype and life stress effects on paranoia 
demonstrates that 5-HTTLPR genotype and life stress are related to the level of paranoia 
experienced by the subjects. However, contrary to our hypothesis, subjects in the S group 
reported lower levels of paranoia, relative to subjects in the L group. To our knowledge, 
only one study has previously reported on the relation between 5-HTTLPR genotype and 
paranoia (Golimbet et al 2003), and the present findings confirm the findings from that 
study. The study by Golimbet et al. reports that in patients with affective disorders, the 
5-HTTLPR short allele is associated with lower paranoid personality traits, as measured 
using the Minnesota Multiphasic Personality Inventory (MMPI). Furthermore, the Golimbet 
et al. study indicates that the level of paranoia decreases with the number of 5-HTTLPR 
short alleles, i.e. subjects with both a short and a long allele on average report levels of 
paranoia that are in between those reported by subjects homologous for the short and 
long alleles. Surprisingly, the findings of the present study contradict the hypothesis that, 
similarly to anxiety, paranoia would be increased in carriers of a short allele. We presently 
do not understand what causes these conflicting findings. A possible explanation could 
be that paranoia is more strongly driven by a surplus of dopamine than by a reduction in 
serotonin function. Although we currently cannot fully explain the present findings, we 
still think that the present findings provide important information for future theorizing 
about paranoia because they indicate that even though paranoia and anxiety are related 
phenomena, they do not necessarily share a common underlying mechanism. 

In addition to the main effect of 5-HTTLPR genotype, our analysis revealed that 
life stress was associated with higher levels of paranoia scores in the S group, but with 
lower paranoia scores in the L group, showing a striking resemblance to the gene by 
environment effect on rumination reported by Canli et al. (Canli 2007). Of course, paranoia 
and rumination are different constructs, however, since both involve dysfunctional 
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cognitive reappraisal of negative events, we interpret our findings to reflect a common 
underlying mechanism.

Our data display an almost complete absence of a relation between the level of 
paranoia and the response of the amygdala to emotional stimuli. Although not in line the 
findings of Canli et al. (Canli 2007), who demonstrated that trait rumination was related 
to amygdala activation, this null finding is consistent with earlier studies where amygdala 
activation did not account for individual differences in behavioral measures of emotional 
reactivity (Hariri et al 2005; Hariri et al 2002b), and indicates that altered reactivity of the 
amygdala in itself is does not necessarily result in altered levels of experienced paranoia. 
Furthermore, we did not find effects of genotype or life stress on activation in areas where 
activation was related to paranoia. This lack of genotype of life stress effects in areas that 
are associated with paranoia could be explained by the type of behavioral task that was 
used during scanning. This task is more likely to engage neural systems related to the 
psychological process of selecting social information in the environment than those 
related to the psychological process of subsequent inferential processing that uses this 
social information to determine the intentions of others towards oneself. Another possible 
explanation could be that the interactions between genotype, life stress and paranoia 
are not limited to particular brain areas, but are instead more diffuse, making them more 
difficult to quantify using functional imaging techniques. Future studies using a task which 
requires subjects to determine self-relevance of social stimuli could prove more successful 
in determining the neural locus of the genetic and environmental effects on paranoia. 

Taken together, the current study advances our understanding of paranoia by 
demonstrating for the first time that paranoia is associated with 5-HTTLPR genotype and 
life stress. Furthermore, the relative lack of a relation between amygdala activation and 
paranoia in our data may guide future hypotheses about the etiology of paranoia, because 
it suggests that paranoia is not merely the result of enhanced amygdala reactivity.

6. LIMITATIONS

One of the pitfalls in studying paranoia is that research findings are likely to be affected 
by a systematic recruitment bias, since individuals with the most pronounced, distressing 
paranoid ideation are probably the least likely to participate in studies. Furthermore, the 
levels of paranoia may be expected to be lower in non-clinical relative to clinical paranoia. 
Therefore, even though our findings are in line with the clinical study by Golimbet et 
al., our findings might not generalize to clinical populations characterized by very high 
levels of paranoia. In addition, the subjects that participated in the present study were all 
undergraduate college students. As a consequence, the age range of our sample was fairly 
limited. In addition, although we did not administer an intelligence test, we suspect that 
our sample is characterized by above normal intelligence.
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1. SUMMARY

Deficits in social perception are a common and disabling feature of schizophrenia. In the 
present thesis I have described how we investigated some of the neural phenomena that 
generate these deficits. By focusing on the neural basis of social perception, and paying 
particular attention to the amygdala, we were able to demonstrate that abnormalities in 
amygdala function are likely to contribute to the social cognitive deficits that are often 
observed in patients with schizophrenia. Furthermore, the inclusion of unaffected siblings 
of patients enabled us to demonstrate that siblings, like their affected family members, 
display abnormalities in social perception, although the severity of these symptoms is 
reduced compared to those observed in patients. Finally, the combined use of genetic and 
functional neuroimaging techniques revealed that variation in the serotonin transporter 
linked polymorphic region (5-HTTLPR) influences amygdala activation, as well as the level 
of paranoia experienced by the subjects. In this final chapter I will provide a summary of 
the studies presented in this thesis and discuss several methodological considerations, 
future directions and clinical implications.

1.1 Left versus right
Most brains contain two amygdalae, one is located in the left temporal lobe, and the 
other in the right. Like language, many brain functions are found to be lateralized to a 
certain hemisphere. Furthermore, the hemispheres of the human brain display marked 
differences in their processing abilities. Therefore, a legitimate question remains whether 
the left amygdala is specialized to perform other functions than the right and vice versa. 
During the past few decades, numerous neuroimaging studies that used a wide array 
of psychological tasks have reported findings of amygdala activation. Chapter 2 of this 
thesis describes a systematic review study that combined the results of 54 neuroimaging 
studies that reported amygdala activation. Our aims were to establish whether amygdala 
activations display lateralization across studies, and to clarify whether the side of amygdala 
activation was related to variables suggested in the literature, such as stimulus type, task 
instructions, differential habituation rates of the left and right amygdalae or elaborate 
processing. Our results revealed that across studies, the left amygdale activation is more 
often reported than right amygdale activation. However, our analyses of the results did not 
confirm a relation between the side of amygdala activation and explanatory variables that 
had been suggested in the literature. As we discussed in chapter 2, others have suggested 
that the findings of predominant left sided amygdala lateralization could be the result 
of susceptibility artifacts, which are related to technical aspects of the functional MRI 
technique. Although we think that this particular technical aspect of the fMRI technique 
is not very likely to explain the overall lateralization effect, a recent review of the literature 
provides compelling evidence that another technical aspect of the fMRI methodology 
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does (Sergerie et al 2008). The authors found that the left sided lateralization of amygdala 
activations is only apparent in studies that used a block design and not in studies that 
used an event-related task design. They propose that this supports the commonly 
observed differences in temporal dynamics between the left and the right amygdala, 
with the left amygdala showing a sustained response and the right amygdala displaying 
fast habituating, short-duration response (Phillips et al 2001; Whalen et al 1998; Wright 
et al 2001). Because block designs involve the repeated presentation of similar stimuli in 
each block, the right amygdala is likely to habituate faster than the left, with the BOLD 
signal rapidly returning to baseline. As a consequence, the right amygdala will display 
a lower average activation level than the left when averaging across task blocks. Event-
related designs on the other hand, largely prevent this habituation from taking place and 
therefore both amygdalae will activate similarly. I think that this is a plausible explanation 
of the findings in the literature. In addition, it fits well with findings from imaging genetics 
studies described in chapter 5.

1.2 Schizophrenia and perceived trustworthiness
Next, we explored complex social information processing abilities in patients with 
schizophrenia and unaffected siblings. By using a task that required subjects to make 
trustworthiness judgments about emotionally neutral faces, we aimed to place high 
demands on the neural systems involved in the processing of social information. In 
addition to patients with schizophrenia we included unaffected siblings in the study, which 
enabled us to study schizophrenia-related phenomena in the absence of confounding 
factors such as medication and hospitalization. Furthermore, if schizophrenia-related 
deficits are detected in high-risk groups such as siblings, these deficits could be used as a 
premorbid vulnerability marker used for the early detection of schizophrenia. The results 
from the study demonstrated that patients and siblings did not differ from controls in 
terms of their performance on a face recognition test which we included in the study 
to confirm that differences on the trustworthiness task were not simply the result of the 
patients’ inability to process faces. However, patients with schizophrenia judged faces to 
be more trustworthy than healthy controls do. Furthermore, unaffected siblings showed 
a similar, though less pronounced bias. These findings corroborate numerous other 
findings of deficient social cognitive abilities in patients with schizophrenia (Addington 
and Addington 1998; Addington et al 1998; Brunet-Gouet and Decety 2006; Couture et al 
2006; Hall et al 2004; Penn et al 1997a).However, because schizophrenia is often associated 
with paranoia, the finding of higher perceived trustworthiness might strike one as being 
unexpected. Nevertheless, when viewed in the light of amygdala dysfunctions that have 
been observed in patients with schizophrenia (Aleman and Kahn 2005) these findings are 
easier to understand. The amygdala is involved in the detection of threat, and has been 
found to be especially sensitive to face stimuli. Therefore, dysfunction of the amygdala 
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is likely to impact on threat detection processes, consequently causing higher average 
trustworthiness judgments (Adolphs et al 2001b; Adolphs et al 1998a). Still, even though 
the amygdala dysfunction seems to be a likely explanation, the amygdala is not the only 
brain area involved in social perception.

1.3 In vivo amygdala activation during trustworthiness evaluation
In chapter 4, we explicitly tested the hypothesis that higher trustworthiness judgments in 
patients with schizophrenia are a result of abnormal amygdala function. To this aim, we 
asked patients with schizophrenia and healthy control subjects to make trustworthiness 
judgments about faces that were presented to them on a screen, while we measured their 
neural activation using BOLD fMRI. A control condition, during which the subjects were 
required to make age judgments was included to test whether trustworthiness of faces was 
processed implicitly. After scanning, each subject rated all faces that were presented during 
the scanning session in terms of trustworthiness on a scale of one (highly untrustworthy) 
to seven (highly trustworthy). Although it displayed the same direction, the effect that 
patients judge faces to be more trustworthy than controls do did not reach significance in 
this study. We suspect that this is a result of the smaller group size and consequently lower 
statistical power compared to the study in chapter 3. Also, the patients that participated in 
the fMRI study were not as ill as those that were tested in chapter 3. The fMRI data showed 
that making trustworthiness judgments engages activity in a network of areas commonly 
found during  the processing of social information: the amygdala, prefrontal cortex, insula, 
anterior cingulate cortex, occipital cortex, right superior temporal sulcus, as well as in the 
thalamus, motor areas and cerebellum. Contrasting the brain activation patterns of patients 
with schizophrenia with the activation patterns of healthy controls revealed that patients 
had lower overall activation of the right amygdala. In the left amygdala, there was an 
interaction between trustworthiness and group, with patients showing significantly lower 
activity when deciding on trustworthy faces. These findings support the hypothesis that 
the amygdala is at least partly involved in generating abnormalities in social perception. 
This finding of lower amygdala activation during trustworthiness judgments has been 
independently replicated by Pinkham et al. (Pinkham et al 2008). Besides showing lower 
amygdala activation, our findings indicate that trustworthiness of faces had an opposite 
effect on activation levels of the right insula in patients than in controls, with patients 
displaying a negative and controls displaying a positive relation between activation levels 
and perceived trustworthiness of the faces. Right amygdala activation has been associated 
with decreased confidence during decision-making (Paulus et al 2003), and we therefore 
suspect that our finding may indicate that patients were less confident during deciding 
on untrustworthy faces. A last finding of the fMRI study was a significant reduction of 
activation within the medial orbitofrontal cortex in the patient group, which fits with 
earlier findings of reduced activation levels in the ventromedial prefrontal cortex (Galeno 
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et al 2004; Taylor et al 2002; Williams et al 2004). I think that this latter finding is possibly 
the most intriguing finding of the study. The medial part of the orbitofrontal cortex is 
normally involved in encoding and monitoring possibly rewarding outcomes of actions 
and situations (Elliott et al 2000; Kringelbach and Rolls 2004) and patients with damage 
to the medial orbitofrontal cortex typically display disruptions in personality, emotions, 
affect and social decision-making. Given that these symptoms are somewhat similar 
to the symptoms that are commonly seen in schizophrenia, I suspect that the medial 
orbitofrontal cortex could play a pivotal role in the generation of anhedonia, flat affect, 
apathy and disturbed social perception that are often seen in this disease. A likely reason 
that abnormalities in the medial orbitofrontal cortex have not been reported as frequently 
as reductions in amygdala activation is related to the presence of susceptibility artefacts 
caused by the proximity of the nasal cavity. These artefacts make it nearly impossible to 
image the whole medial orbitofrontal cortex using fMRI. Future research, preferably using 
fMRI sequences that have been optimized for imaging the orbitofrontal cortex or using 
PET imaging could help us understand whether dysfunction of the medial orbitofrontal 
cortex is indeed a main culprit in generating symptomatology in schizophrenia.

1.4 Genes, amygdala activation and social perception
The final study of this thesis, which is presented in chapter 5, is concerned with the 
neural basis of paranoia, a disturbance of social reasoning that results in the unfounded 
suspicion that others have the intention to cause harm. Although paranoia is generally 
associated with psychotic illnesses such as schizophrenia, it is has also been found to 
occur relatively frequently in the general, non-clinical population (Freeman 2007). In a 
recent review of the literature, Freeman (Freeman 2007), estimates that at least 10-15% 
of the general population regularly experience paranoid thoughts. In order to study the 
underlying neural origins of paranoia, we combined techniques from the fields of genetics 
research, clinical psychology and functional neuroimaging. An important motivation for 
the study was recent research (Hariri et al 2005; Hariri et al 2002b) that demonstrated a 
link between amygdala activation levels and variation in the serotonin transporter linked 
polymorphic region (5-HTTLPR). The amygdala is a key component of the neural threat-
detection mechanism in humans. Interestingly, it is implicated in the pathophysiology 
of (social) anxiety disorders and anxiety has been found to play an important role in 
the development (Freeman et al 2005a; Freeman et al 2003) and subjective experience 
(Campbell and Morrison 2007) of paranoia. Furthermore, enhanced amygdala responses 
have been hypothesized to result in the increased salience and overreaction to emotional 
and threatening stimuli, as is commonly observed in psychotic disorders (Broome et al 
2005; Grace 2003a). Because of these empirical and theoretical links connecting amygdala 
function and paranoia, we set out to investigate whether 5-HTTLPR variation, through 
its effects on the amygdala, explains inter-subject variation in paranoia experienced by 
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healthy individuals. To this aim, we selected 40 subjects with very low or very high levels 
of paranoia from a larger sample of 400 college students. By measuring the BOLD fMRI 
response of these subjects during the performance of an emotion perception task as well 
as determining their 5-HTTLPR genotype, we were able to assess the relation between 
the presence of a 5-HTTLR short allele and brain activity related to emotion perception. 
Contrary to our a priori hypothesis, the findings showed that carriers of a 5-HTTLPR short 
allele display lower levels of paranoia, as compared to subjects homozygous for the long 
allele. This finding is in line with the only other study that reports on a relation between 
paranoia and 5-HTTLPR genotype however (Golimbet et al 2003), which suggests that 
our finding is not just a chance result related to the relatively small sample sizes typically 
used in fMRI studies. Similar to previous findings (Canli 2007) subjects carrying a short 
allele showed a positive relation between the amount of previously experienced life stress 
and paranoia, while subjects homozygous for the long allele showed an inverse relation. 
Furthermore, we replicate previous reports of increased activity in the right amygdala in 
carriers of a 5-HTTLPR short allele. However, activity in the amygdala was not correlated 
to the level of paranoia experienced by the subjects. As the study described in chapter 5 
is one of the first to specifically investigate the neural mechanisms underlying paranoia, 
it could provide future researchers of paranoid symptoms with several potentially useful 
clues. The first is that paranoia can be partly explained by genetic factors, an observation 
which may help future theorizing about the causes of this impairing symptom. Secondly, 
although the size of our sample does not warrant strong conclusions about the general 
population, the almost complete absence of a correlation between amygdala reactivity 
and paranoia could guide future theorizing about the aetiology of paranoia, because it 
contradicts the common notion that paranoia is related to amygdala activity.

2. METHODOLOGICAL CONSIDERATIONS AND FUTURE
 PERSPECTIVES

Functional imaging and especially imaging genetics are relatively young disciplines. As 
a result, their methodologies leave considerable room for improvement (de Geus et al 
2008). Imaging research in the near future will probably show an increase in the sizes 
of the population samples that are studied, which will result in increased replicability of 
studies and decreased methodological heterogeneity. Furthermore, since BOLD fMRI is 
mostly concerned with relative estimates of brain activity, future fMRI studies will probably 
strive to obtain additional, absolute measures of neural activity. Such measures, possibly 
involving arterial spin labelling or PET, can be used to provide valuable information 
about absolute activation levels and the relation between absolute activation levels and 
variability of the BOLD signal. Without these additional data, it often remains complex or 
even impossible to draw firm conclusions about the meaning of contrasts. Consequently, 
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applying such absolute measures is likely to guide interpretations of findings and reduce 
the number of seemingly contradictory fMRI findings.

Another area where increases in specificity are likely to be gained is in narrowing 
the gap between the single subject and group levels of analysis in fMRI. At the single 
subject level, fMRI is quite well understood, and researchers are able to draw relatively 
firm conclusions about the location and intensity of BOLD fMRI activations within a 
single subject. However, since a substantial variation of functional specialization and 
cortical folding exists between subjects, a considerable amount of the spatial resolution 
possible at the single subject level is currently often lost when moving to the group level 
of analysis by using automated normalization procedures. Given that patient groups are 
often characterized by structural and functional abnormalities, this problem is probably 
even more pronounced when comparing brain activity in these patient groups with that 
of control groups. If fMRI research, through the years, yields a set of psychological tasks 
with a proven track record of consistently engaging specific brain functions or regions, 
one possible solution to this problem could be to use such tasks as ‘localizer’ tasks for 
determining the location of brain functions for each subject individually. Activity levels in 
these locations can then be calculated for each subject and the data that is obtained in this 
fashion can be taken to the group level of analysis with a reduced number of assumptions 
and a reduction in the amount of specificity lost to generic normalization procedures. 
As genotyping procedures and functional neuroimaging will undoubtedly become more 
and more sophisticated in the near future, these techniques will prove to be very useful 
tools for increasing our understanding of the causes of abnormal social perception in 
schizophrenia.

2.1 Clinical implications
The studies that were presented in chapter 3 and 4 of the present thesis suggest that 
patients with schizophrenia, and to a lesser extent their healthy siblings, display behaviour 
that is different from healthy controls during social decision-making. They also indicate 
that patients with schizophrenia display differences in brain activation patterns compared 
to controls when making social decisions, which suggests that the reported behavioural 
abnormalities are at least partly related to specific reductions and increases in localized 
brain function. Although the following is common wisdom among researchers, it should 
be noted that these findings concern effects that are significant at the group level of 
analysis and that cannot and should not be understood to mean that they are necessarily 
present at the level of each individual patient.

Nonetheless, our behavioural and neurological findings regarding abnormal 
social decision-making, paranoia and the genetic and neural substrates that underlie 
these phenomena could potentially be applied to guide the development of cognitive 
and pharmacological treatments. Knowing that specific abnormalities in social perception 
may exist in patients could aid the development of tests for such symptoms, as well as the 
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development of specific treatments tailored to each patient’s needs. Indeed, work on the 
development of tests for social cognitive symptoms in schizophrenia has begun during 
recent years. Initiatives such as the National Institute of Mental Heath-Measurement 
and Treatment Research to Improve Cognition in Schizophrenia (NIMH-MATRICS) have 
included social cognition as one of the 7 cognitive domains represented in the MATRICS 
Consensus Cognitive Battery (MCCB) for clinical trials in schizophrenia (Green et al 2004). 
Furthermore, promising programs for training schizophrenia patients social cognition 
such as the Social Cognition and Interaction Training (SCIT) are being developed (Penn 
et al 2007). The development of both the MCCB and the SCIT are informed by studies of 
social cognition in schizophrenia such as those presented in this thesis.
Additional tests for genetic factors such as 5-HTTLPR genotype, which are involved in 
the aetiology of symptoms, could provide additional valuable clues to increase chances 
of successful treatment. Using information about the influence of genetic variation on 
drug response in patients may lead to more individualized pharmacological treatment. 
The increased treatment specificity offered by such a pharmacogenetic approach could in 
turn lead to increases in efficacy as well as reduced monetary costs and pharmacological 
side-effects of treatments (Arranz and de Leon 2007). More importantly, specific evidence-
based treatments for schizophrenia symptoms have the potential to reduce the suffering 
in patients, their families and loved ones.
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1. SAMENVATTING

Verslechterde sociale waarneming is een symptoom dat regelmatig voorkomt bij 
patiënten met schizofrenie. Bovendien is het één van de meest beprekende symptomen 
van schizofrenie, omdat het het sociale verkeer met familie, vrienden en anderen kan 
hinderen. Hierdoor kunnen patiënten met schizofrenie vereenzamen en zelfs in een 
sociaal isolement terecht komen. In dit proefschrift beschrijf ik een aantal studies waarin 
we neurale verschijnselen hebben onderzocht, die kunnen leiden tot een verstoorde 
sociale perceptie. Deze studies waren vooral gericht op het aantonen van afwijkingen bij 
schizofrenie in het functioneren van hersensystemen waarvan bekend is dat ze in gezonde 
mensen betrokken zijn bij sociale perceptie. Ons voornaamste aandachtspunt hierbij was 
om te bepalen of er afwijkingen te vinden waren in het functioneren van de amygdala 
(Ned. amandelkern), een hersengebiedje dat ondanks zijn geringe afmetingen het best 
onderzochte stukje ‘sociaal’ brein is. Met een gedragsstudie waarin we patiënten met 
schizofrenie, gezonde broers en zussen van patiënten en gezonde proefpersonen met 
elkaar vergeleken, hebben we aantoonbaar kunnen maken dat abnormaal functioneren 
van de amygdala waarschijnlijk bijdraagt aan de verslechtering van sociale cognitie bij 
patiënten. Doordat ook familieleden van patiënten deelnamen aan de studie, konden we 
aantonen dat familieleden net als hun zieke broers of zussen afwijkingen laten zien wat 
betreft sociale waarneming, hoewel deze afwijkingen minder ernstig waren dan die van 
patiënten. Met een functionele magnetische resonantie imaging (fMRI) studie waaraan 
patiënten met schizofrenie en gezonde controles deelnamen konden we vervolgens 
bevestigen dat de amygdala van patiënten minder actief is tijdens het nemen van 
sociale beslissingen. Daarnaast vonden we verschillen in activiteit van andere ‘sociale’ 
hersengebieden tussen patiënten en controles. In de laatste studie in dit proefschrift 
hebben we gebruik gemaakt van een combinatie van genetische en functionele 
neuroimaging technieken. De resultaten laten zien dat inter-subject variatie in de 
serotonin transporter linked polymorphic region (5-HTTLPR) zowel amygdala activatie 
als de intensiteit van paranoia beïnvloedt. In deze Nederlandse samenvatting geef ik een 
kort overzicht van de studies in dit proefschrift. Verder zal ik een aantal methodologische 
aandachtspunten, klinische aandachtspunten en toekomstperspectieven toelichten. 

1.1 Links of rechts
De meeste breinen bevatten twee amydalae: één bevindt zich in de linker en één 
bevindt zich in de rechter temporaalkwab. Net als bij taal blijken er meer hersenfuncties 
een voorkeur te hebben voor uitvoering door de ene dan door de andere hersenhelft. 
Men noemt dit verschijnsel ook wel lateralisatie van hersenfunctie. Ook vertonen de 
hersenhelften kenmerkende specialisaties wat betreft informatieverwerking, waarbij 
de linker hersenhelft vaak gekarakteriseerd wordt als beter in seriële verwerking, terwijl 
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de rechter beter is in parallelle verwerking. Hierdoor is het een voor de hand liggende 
vraag of ook de linker amygdala gespecialiseerd is in andere functies dan de rechter. 
De afgelopen decennia zijn er tientallen neuroimaging studies uitgevoerd, die gebruik 
hebben gemaakt van een uitgebreid arsenaal psychologische taken. Een groot aantal van 
deze studies rapporteert amygdala activaties. Hoofdstuk 2 van dit proefschrift beschrijft 
een systematische review studie waarbij de resultaten werden gecombineerd van 54 
neuroimaging studies die amygdala activatie rapporteerden. Het doel van de review 
studie was om vast te stellen of amygdala activaties over het algemeen gelateraliseerd 
zijn, en om te verhelderen of de lateralisatie van amygdala activatie gerelateerd is aan 
variabelen die wel zijn voorgesteld in de literatuur, zoals stimulustype, taakinstructies, 
habituatiesnelhied of hoe uitgebreid informatie verwerkt wordt. Hoewel we geen relatie 
tussen de genoemde variabelen en lateralisatie van amygdala activatie vonden, konden 
we wel aantonen dat linker amygdala activaties over studies gemiddeld vaker worden 
gerapporteerd dan rechter amygdala activaties. 

Zoals besproken in hoofdstuk 2 hebben andere onderzoekers voorgesteld 
dat lateralisatie van amygdala activatie wel eens het resultaat zou kunnen zijn van 
susceptibiliteitartefacten; afwijkingen in het fMRI beeld die worden veroorzaakt door een 
technisch aspect van de fMRI techniek. Hoewel we denken dat dit specifieke aspect van 
de fMRI techniek waarschijnlijk niet verantwoordelijk is voor het overall laterisatie effect, 
geeft een recente review studie overtuigend bewijs dat een ander technisch aspect van 
de fMRI methode wel degelijk een verklaring biedt (Sergerie et al 2008). De auteurs van 
het artikel vonden dat de linkszijdige lateralisatie alleen gerapporteerd wordt bij studies 
die een blok design gebruikten voor de psychologische taak en niet bij studies die een 
event-related design gebruikten. De auteurs stellen daarom dat de lateralisatie het 
gevolg is van een vaak waargenomen verschil in temporele dynamiek tussen de linker en 
de rechter amygdala, waarbij de linker amygdala een langdurige en de rechter een snel 
habituerende, korte reactie geeft op stimuli (Phillips et al 2001; Whalen et al 1998; Wright 
et al 2001). Doordat blok designs herhaaldelijke presentatie van gelijksoortige stimuli 
binnen een taakblok gebruiken, is het dan ook waarschijnlijk dat de rechter amygdala 
sneller habitueert dan de linker, zodat het blood oxygenation level dependent (BOLD) 
fMRI signaal in de rechter amygdala sneller terugkeert naar baseline. Het gevolg hiervan is 
dat de rechter amygdala een lagere gemiddelde activatie heeft dan de linker wanneer een 
gemiddelde over een taakblok wordt genomen. Event-related designs zijn er daarentegen 
op gericht om habituatie te voorkomen, en daardoor zullen beide amygdalae een respons 
met een vergelijkbaar verloop in de tijd laten zien en dus ook een vergelijkbare gemiddelde 
activatie. Ik denk dat dit een plausibele verklaring is voor de bevindingen in de literatuur. 
Daarnaast komt deze verklaring goed overeen met bevindingen van imaging genetics 
studies, zoals die beschreven worden in hoofdstuk 5 van dit proefschrift.
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1.2 Schizofrenie en betrouwbaarheidswaarneming
In hoofdstuk 3 hebben we de vaardigheid in het verwerken van complexe sociale 
informatie onderzocht in patiënten met schizofrenie en in gezonde familieleden van 
patiënten met schizofrenie. Om de neurale systemen die betrokken zijn bij sociale 
perceptie voldoende te belasten hebben we gebruik gemaakt van een taak waarbij 
proefpersonen beslissingen moesten nemen over emotioneel neutrale gezichten. Doordat 
we ook gezonde familieleden van patiënten hebben onderzocht in de studie konden we 
schizofreniegerelateerde fenomenen onderzoeken, zonder verstorende invloeden zoals 
medicatie of ziekenhuisopname. Daarnaast zouden eventuele schizofreniegerelateerde 
tekorten in groepen met een verhoogd risico, zoals familieleden, gebruikt kunnen worden 
in tests om schizofrenie in een vroeg stadium te detecteren. 

De resultaten van de studie geven aan dat patiënten en familieleden niet verschillen 
van controles wat betreft hun prestatie op een gezichtsherkenningstaak. Deze taak werd 
in de studie gebruikt om vast te stellen dat verschillen op de betrouwbaarheidstaak niet 
simpelweg verklaard kunnen worden doordat patiënten niet in staat zijn om visuele 
informatie van gezichten te verwerken. Tijdens de betrouwbaarheidstaak beoordeelden 
patiënten gezichten echter wel betrouwbaarder dan gezonde controles dat deden. 
Interessant genoeg vertoonden gezonde familieleden een vergelijkbare, maar minder 
sterke afwijking in hun betrouwbaarheidbeoordelingen.

Omdat schizofrenie meestal wordt geassocieerd met achterdocht lijken positievere 
betrouwbaarheidsbeoordelingen door patiënten op het eerste gezicht onverwacht. Toch 
komt deze bevinding overeen met een flink aantal andere bevindingen van beperkte sociaal 
cognitieve vaardigheden van patiënten met schizofrenie (Addington and Addington 
1998; Addington et al 1998; Brunet-Gouet and Decety 2006; Couture et al 2006; Hall et al 
2004; Penn et al 1997). Wanneer men de hogere betrouwbaarheidsbeoordelingen ziet in 
het licht van de verminderde amygdala functie, die vaak is waargenomen bij patiënten 
met schizofrenie (Aleman and Kahn 2005), zijn de bevindingen beter te begrijpen. De 
amygdala is betrokken bij het detecteren van dreiging in de omgeving, en men heeft 
ontdekt dat de amygdala bij mensen met name gevoelig is voor gezichtsuitdrukkingen. 
Hierdoor is het waarschijnlijk dat slecht functioneren van de amygdala gepaard gaat met 
een effect op de hersenprocessen die betrokken zijn bij het detecteren van signalen van 
dreiging, zoals kenmerken van onbetrouwbaarheid in een gezichtsuitdrukking (Adolphs 
et al 2001; Adolphs et al 1998). Hoewel dit een voor de hand liggende verklaring lijkt, zijn 
er natuurlijk andere verklaringen mogelijk, vooral wanneer men bedenkt date er meerdere 
hersengebieden betrokken zijn bij sociale waarneming.

1.3 De amygdala in actie tijdens beoordelen van betrouwbaarheid
In hoofdstuk 4 hebben we de hypothese getoetst die stelt dat hogere 
betrouwbaarheidsbeoordelingen bij patiënten met schizofrenie voortvloeien uit een 
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abnormaal functioneren van de amygdala. Om dit te doen hebben we patiënten en gezonde 
controles gevraagd om betrouwbaarheidsbeoordelingen te maken over gezichten, terwijl 
hun hersenactivatie werd gemeten met BOLD fMRI. Om te bepalen of proefpersonen 
ook impliciet (zonder de aandacht erop te richten) betrouwbaarheidsgerelateerde 
hersenactivatie hadden, gebruikten we in dit experiment een controleconditie waarin de 
proefpersonen gevraagd werd om leeftijdsbeoordelingen over gezichten te maken. Na 
afloop van de fMRI scansessie gaf iedere proefpersoon een betrouwbaarheidsbeoordeling 
op een schaal van één (erg onbetrouwbaar) tot zeven (erg betrouwbaar) over ieder gezicht 
dat tijdens de scansessie ook beoordeeld was. Hoewel het gedragseffect van hogere 
betrouwbaarheidsbeoordelingen overeenkwam met het effect in de gedragsstudie uit 
hoofdstuk 3, was het effect in deze fMRI studie niet significant. We vermoeden dat dit 
komt doordat de fMRI studie een kleinere groepsgrootte had, waardoor het statistisch 
minder krachtig was dan de studie in hoofdstuk 3. Daarnaast waren de patiënten 
die deelnamen aan de fMRI studie over het algemeen minder ziek dat degenen die 
deelnamen aan de gedragsstudie in hoofdstuk 3. De fMRI data lieten zien dat het maken 
van betrouwbaarheidsbeoordelingen gepaard gaat met activatie in een netwerk van 
gebieden waarin doorgaans activiteit wordt gevonden tijdens het verwerken van sociale 
informatie: de amygdala, prefrontale cortex, insula, anterieure cingulate cortex, occipitale 
cortex en de rechter superieure temporale sulcus. Ook vonden we activaties in de thalamus, 
gebieden die betrokken zijn bij beweging en in het cerebellum (de kleine hersenen). 
Een vergelijking tussen de activatiepatronen van patiënten met schizofrenie en die van 
gezonde controles liet zien dat patiënten tijdens de taak een lagere gemiddelde activatie 
hadden van de rechter amygdala. In de linker amygdala vonden we een interactie-effect 
tussen betrouwbaarheid en groep, waarbij patiënten significant minder activiteit lieten 
zien dan controles wanneer beslissingen werden genomen over betrouwbare gezichten. 
Deze bevindingen bevestigen de hypothese dat abnormaal functioneren van de 
amygdala, in ieder geval voor een deel de veranderingen in sociale perceptie veroorzaakt. 
Deze bevinding van lagere amygdala activatie tijdens betrouwbaarheidsbeoordelingen 
is onlangs onafhankelijk gerepliceerd door Pinkham et al. (Pinkham et al 2008). Naast 
lagere amygdala activatie laten de resultaten zien dat betrouwbaarheid van gezichten 
een tegengesteld effect heeft op activatieniveaus van de rechter insula bij patiënten dan 
bij controles. Hierbij lieten de patiënten een negatieve, en controles een positieve relatie 
zien tussen waargenomen betrouwbaarheid en activatieniveaus in de insula. In eerder 
onderzoek is een relatie gevonden tussen verhoogde activiteit in de rechter insula en 
verminderde zelfverzekerdheid tijdens het nemen van beslissingen (Paulus et al 2003). We 
interpreteren onze bevinding van verhoogde rechter insula activatie in patiënten tijdens 
het beslissen over onbetrouwbare gezichten daarom als een teken van verminderde 
zelfverzekerdheid over de te maken beoordeling. De laatste bevinding van de fMRI studie 
was een significante verlaging van activiteit in de mediale orbitofrontale cortex van 
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patiëntengroep. Deze bevinding vertoont gelijkenissen met resultaten van eerdere studies 
waarin gereduceerde activatie in de ventromediale prefrontale cortex werd gevonden 
(Galeno et al 2004; Taylor et al 2002; Williams et al 2004). Ik denk dat deze laatste bevinding 
mogelijk de meest intrigerende bevinding van deze fMRI studie is. Het mediale (midden) 
gedeelte van de orbitofrontale cortex is normaal gesproken betrokken bij het coderen en 
controleren van mogelijk belonende uitkomsten van acties of situaties (Elliott et al 2000; 
Kringelbach and Rolls 2004). Patiënten met schade aan de mediale orbitofrontale cortex 
vertonen meestal verstoringen in hun persoonlijkheid, emoties, stemmingen en sociale 
beslissingen. Aangezien deze symptomen een duidelijke overeenkomst vertonen met de 
symptomen die doorgaans worden gezien bij schizofrenie, vermoed ik dat de mediale 
orbitofrontale cortex een sleutelrol zou kunnen spelen bij het ontstaan van symptomen als 
anhedonie (niet kunnen genieten), vervlakt affect, apathie en verstoorde sociale perceptie 
die zo kenmerkend zijn voor deze ziekte. Maar als deze hypothese klopt, waarom wordt 
verlaagde activiteit van de mediale orbitofrontale cortex van patiënten met schizofrenie 
dan zo weinig gerapporteerd in de literatuur? Een mogelijke reden hiervoor is dat activatie 
in de orbitofrontale cortex buitengewoon slecht te meten is met fMRI door de nabijheid 
van de neusholte. Hierdoor wordt het magneetveld lokaal dermate verstoord dat er 
op fMRI beelden ter hoogte van de mediale orbitofrontale cortex meestal slechts een 
lege plek zichtbaar is. Toekomstig onderzoek, dat mogelijk gebruik maakt van positron 
emission tomography (PET) of fMRI sequenties die geoptimaliseerd zijn voor het meten 
van de mediale orbitofrontale cortex, zou ons kunnen helpen te begrijpen of dysfunctie 
van de mediale orbitofrontale cortex inderdaad één van de voornaamste oorzaken is van 
schizofreniesymptomen.

1.4 Genen, amygdala activatie en sociale perceptie
De laatste studie van dit proefschrift, die wordt beschreven in hoofdstuk 5, is gericht op de 
neurale basis van paranoia (achterdocht), een stoornis van het sociale redenatievermogen 
die resulteert in het ongegronde vermoeden dat anderen kwaadaardige intenties hebben. 
Hoewel paranoia meestal wordt geassocieerd met psychotische stoornissen zoals 
schizofrenie, is gebleken dat het ook relatief regelmatig voorkomt in de normale, niet-
klinische bevolking. In een recente review studie schat Freeman (Freeman 2007) dat ten 
minste 10 tot 15 procent van de bevolking regelmatig paranoide gedachten ervaart. Om 
de onderliggende neurale oorzaken van paranoia te kunnen onderzoeken, hebben we 
voor onze laatste studie technieken uit de vakgebieden genetica, klinische psychologie 
en functionele neuroimaging gecombineerd. Een belangrijke motivatie voor de studie 
waren de resultaten van recent onderzoek (Hariri et al 2005; Hariri et al 2002), waarmee 
een verband tussen de intensiteit van amygdala activatie en genetische variatie in de 
serotonin transporter linked polymorphic region (5-HTTLPR) werd gedemonstreerd. Zoals 
gezegd is de amygdala een belangrijk onderdeel van het neurale dreigingdetectie systeem 



148

Nederlandse samenvatting

bij mensen. Daarnaast is de amygdala betrokken bij de pathofysiologie van (sociale) 
angststoornissen. Verder is gebleken dat angst een belangrijke rol speelt in zowel het 
ontstaan (Freeman et al 2005; Freeman et al 2003), als de subjectieve ervaring (Campbell 
and Morrison 2007) van achterdocht. Ook staat overmatige amygdala reactiviteit centraal 
in een aantal theorieën die de buitensporige betekenisvolheid van en de overtrokken 
reactie op emotionele en bedreigende stimuli bij psychotische stoornissen proberen te 
verklaren (Broome et al 2005; Grace 2003). Vanwege deze empirische en theoretische 
verbanden tussen amygdalafunctie en paranoia hebben we onderzocht of 5-HTTLPR 
variatie, via effecten op de amygdala een rol speelt bij paranoia. Voor dit onderzoek 
hebben we 40 proefpersonen op basis van buitengewoon hoge of buitengewoon lage 
scores op een parananoiavragenlijst geselecteerd uit een steekproef van 400 studenten. 
Door met BOLD fMRI de respons van het brein tijdens een emotieperceptietaak te meten 
en daarnaast het 5-HTTLPR genotype van de proefpersonen te bepalen konden we de 
relatie vaststellen tussen de aanwezigheid van een 5-HTTLPR short allel (hierna short allel) 
en aan emotieperceptie gerelateerde hersenactiviteit. 

In tegenstelling tot onze a priori hypothese bleek dat dragers van het short allel 
een lagere intensiteit van paranoia hebben dan proefpersonen die alleen het long allel 
dragen. Hoewel we op basis van de paranoia en angst literatuur een andere verwachting 
hadden komt de bevinding wel overeen met de enige andere studie die een relatie 
tussen 5-HTTLPR en paranoia rapporteert (Golimbet et al 2003). Omdat de studie van 
Golimbet et. al. een grote steekproef beschrijft, lijkt het bovendien onwaarschijnlijk dat 
onze overeenkomstige bevinding een toevalsbevinding is als gevolg van de relatief kleine 
aantallen proefpersonen die normaalgesproken gemeten worden in fMRI studies. In lijn 
met de resultaten van een eerdere studie (Canli 2007), lieten proefpersonen met een short 
allel een positieve relatie zien tussen de hoeveelheid eerdere negatieve levenservaringen 
en paranoia, terwijl mensen met alleen long allelen een omgekeerde relatie lieten zien. 
Hoewel we eerdere bevindingen van verhoogde activatie van de rechter amygdala bij 
dragers van het short allel repliceren, was activiteit in de amygdala niet gecorreleerd met 
de intensiteit van de achterdocht die de proefpersonen ervoeren. Omdat onze studie een 
van de eerste imaging studies is naar de neurale mechanismen achter paranoia, kunnen 
de resultaten een aantal nuttige clues geven voor toekomstig onderzoek. De studie laat 
bijvoorbeeld zien dat paranoia deels verklaard kan worden door genetische factoren; 
een observatie die van belang kan zijn bij theorievorming over de oorzaken van dit 
symptoom.
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2. METHODOLOGISCHE OVERWEGINGEN EN    
 TOEKOMSTPERSPECTIEVEN

Functionele neuroimaging en vooral genetische neuroimaging zijn relatief jonge 
onderzoeksdisciplines. Hierdoor is er nogal wat ruimte voor verbetering van de 
methodologieën die gebruikt worden (de Geus et al 2008). Waarschijnlijk zal toekomstig 
imaging onderzoek een toename laten zien in de aantallen proefpersonen die per studie 
onderzocht worden, met als gevolg een verbeterde repliceerbaarheid van resultaten 
en een verminderde methodologische heterogeniteit. Tevens zullen toekomstige fMRI 
studies waarschijnlijk trachten om extra metingen te verrichten met als doel de absolute 
niveaus van hersenactivatie te meten. Dergelijke absolute maten, zoals die verkregen 
kunnen worden met bijvoorbeeld arterial spin labeling of PET, kunnen gebruikt worden 
om uitspraken te doen over de absolute hersenactivatie en de relatie tussen absolute 
en relatieve hersenactivatiematen zoals fMRI. Zonder deze extra informatie blijft het 
vaak complex of zelfs onmogelijk om harde uitspraken te doen over de betekenis van 
contrasten. Het combineren van metingen van absolute en relatieve hersenactivatie 
zal waarschijnlijk leiden tot meer eenduidige interpretaties en een vermindering van 
schijnbaar tegenstrijdige fMRI bevindingen.

Een ander gebied waar waarschijnlijk een winst op het gebied van specificiteit kan 
worden geboekt, is het verminderen van de afstand tussen individuele en groepsanalyses 
bij fMRI. Wat betreft metingen van hersenactivatie van één persoon is de fMRI techniek goed 
begrepen, en kan men redelijk heldere uitspraken doen over de locatie en de intensiteit 
van BOLD fMRI activaties. Omdat er echter een aanzienlijke variatie tussen mensen bestaat 
wat betreft functionele specialisatie en het gyratiepatroon van de cortex (hersenschors), 
gaat een groot deel van de ruimtelijke resolutie die mogelijk is op het niveau van één 
proefpersoon verloren wanneer normalisatietechnieken worden toegepast om tot een 
groepsgemiddelde te kunnen komen. Aangezien patiëntenpopulaties vaak structurele 
en functionele afwijkingen vertonen speelt dit probleem waarschijnlijk een nog grotere 
rol bij vergelijkingen tussen patiëntenpopulaties en gezonde controlegroepen. Wanneer 
fMRI onderzoek door de jaren heen een verzameling psychologische taken voortbrengt 
met bewezen, consistente effecten op hersenfuncties of locaties, zou men deze taken 
kunnen gebruiken als ‘localizer’ taken waarmee de locatie van een hersenfunctie voor ieder 
proefpersoon afzonderlijk kan worden vastgesteld. Vervolgens kunnen experimentele 
effecten berekend worden die minder afhankelijk zijn van aannames over locatie van 
hersenfuncties of de mate van overlap tussen verschillende breinen. Tevens zullen 
genetische analysetechnieken steeds verfijnder en sneller worden en hier zullen ook de 
genetische neuroimagingstudies van kunnen profiteren.
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2.1 Klinische implicaties
De studies die in hoofdstuk 3 en 4 van dit proefschrift beschreven worden suggereren 
dat patiënten met schizofrenie, en in mindere mate hun gezonde familieleden, gedrag 
vertonen dat anders is dan dat van gezonde controles tijdens het maken van sociale 
beoordelingen. Tevens geven de resultaten aan dat patiënten met schizofrenie andere 
hersenactivatiepatronen hebben dan gezonde controles. Hoewel het volgende algemeen 
bekend is bij onderzoekers, moet benadrukt worden dat deze bevindingen gaan over 
effecten die significant zijn op het groepsniveau van statistische analyse, en dat deze 
dus niet vanzelfsprekend aanwezig zijn op het niveau van iedere individuele patiënt. Dus 
hoewel patiënten gezichten gemiddeld betrouwbaarder beoordelen, hoeft niet ieder 
patiënt dat te doen.

Toch kunnen onze bevindingen over abnormale sociale beslissingen mogelijk 
gebruikt worden om cognitieve en farmacologische behandelingen te ontwikkelen. 
Kennis over het vóórkomen van specifieke afwijkingen in sociale perceptie bij patiënten 
kan helpen bij het ontwikkelen van tests voor zulke symptomen, maar ook bij de 
ontwikkeling van specifieke, ‘maatwerk’ behandelingen die zijn aangepast aan de eisen 
van iedere afzonderlijke patiënt. Recent is een begin gemaakt met de ontwikkeling 
van tests die sociaal cognitieve symptomen in schizofrenie kunnen meten. Initiatieven 
zoals het Amerikaanse National Institute of Mental Health-Measurement and Treatment 
Research to Improve Cognition in Schizophrenia (NIMH-MATRICS) hebben sociale cognitie 
toegevoegd als één van de zeven cognitieve domeinen van de MATRICS Consensus 
Cognitive Battery (MCCB) for clinical trials in schizophrenia (Green et al 2004). Ook worden 
er veelbelovende trainingsprogramma’s zoals de Social Cognition and Interaction Training 
(SCIT) ontwikkeld om sociale cognitie bij schizofrenie te bevorderen (Penn et al 2007). 
Zowel de MCCB als de SCIT zijn gebaseerd op sociaal cognitief onderzoek bij schizofrenie 
patiënten zoals de studies in dit proefschrift.

Ten slotte zouden tests voor genetische factoren, zoals 5-HTTLPR genotype, die 
betrokken zijn bij het ontstaan van symptomen belangrijke informatie kunnen leveren 
over de kansen op succesvolle behandeling. Het gebruik van informatie over de invloed 
van genetische variatie op effectiviteit van geneesmiddelen kan bijvoorbeeld leiden tot 
meer geïndividualiseerde farmacologische behandelingen. De vergrote specificiteit die 
een dergelijke benadering oplevert kan vervolgens leiden tot verhoogde effectiviteit, 
verminderde bijwerkingen, en verlaagde kosten (Arranz and de Leon 2007). Maar het 
belangrijkste is dat specifieke, op bewijs gebaseerde behandelingen van schizofrenie in 
potentie het lijden van patiënten en hun dierbaren kunnen verminderen.
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voor je hulp en oprechte interesse. Ook Ria, Janneke, Leonie en Christine: bedankt !

Het onderzoek was natuurlijk nooit mogelijk geweest zonder proefpersonen en die wil ik 
dan ook hartelijk danken voor het doorstaan van mijn proefjes. Daarnaast werd ik bij het 
experimenteren geholpen door onderzoeksassistenten Bregtje en Peter. Bregtje, ik vond 
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dat jij erbij was om me te helpen en me weer te laten lachen. Ik vind het vet wous dat jij nu 
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