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      FÜR MEINE ELTERN

     

    

I am! Yet what I am who cares or knows? 

My friends forsake me like a memory lost. 

I am the self-consumer of my woes; 

They rise and vanish, an oblivious host, 

Shadows of life, whose very soul is lost. 

And yet I am - I live - though I am toss’d 

into the nothingness of scorn and noise, 

Into the living sea of waking dream, 

Where there is neither sense of life, nor joys, 

But the huge shipwreck of my own esteem 

And all that is dear. Even those I loved the best 

Are strange - nay, they are stranger than the rest. 

I long for scenes where man has never trod - 

For scenes where a woman never smiled or wept - 

There to abide with my creator, God, 

And sleep as I in childhood sweetly slept, 

Full of high thoughts, unborn. So let me lie - 

The grass below; above, the vaulted sky.

John Clare (1793 -1864)
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Phenomenology of psychosis

Psychotic disorders, including schizophrenia and other non-affective psychoses, are characterized by 

severe problems to recognize and understand reality. Among the core symptoms are positive symptoms, 

e.g. delusions and hallucinations, and negative symptoms, e.g. flat affect and anhedonia [see 1 for 

detailed description]. Besides positive and negative symptoms, alterations in functioning, including 

cognitive and social functioning, are a common characteristic of patients with schizophrenia or a first 

episode of psychotic illness [2, 3]. 

Schizophrenia, with a life time prevalence of �.5-1% [4], is probably the most severe form of psychotic 

disorders, which affect about 2-3% of the population [5]. It is a disorder of marked heterogeneity. 

The heterogeneity of the illness has traditionally been divided into two main forms [6-9], the positive 

syndrome, or non-deficit, type I schizophrenia and the negative syndrome, or deficit, type II schizophrenia. 

The first is characterized by sudden onset, an episodic course, a good outcome, a good response to anti-

psychotic treatment, and high levels of positive symptoms, while the latter is characterized by a gradual 

onset, chronic course, poor outcome, resistance to drug treatment, high levels of negative symptoms 

and cognitive impairments [6-9]. 

In addition to this marked heterogeneity [1�], psychotic experiences are thought to exist at levels 

below clinical expression, as subclinical psychotic experiences are commonly reported in the general 

population [11], particularly during adolescence, when expression of psychosis proneness peaks 

[12-14]. Therefore, the psychosis phenotype may be better understood as an extended psychosis 

phenotype. Subclinical psychotic experiences are mostly transient in nature [15-17], but in some 

individuals, psychotic experiences may be predictive of the development of psychotic disorder [16, 18]. 

According to the psychosis proneness – persistence – impairment model [19] the path from incidental 

psychotic experiences to clinical psychosis is mediated by the persistence of these experiences. 

Even though most subclinical psychotic experiences are transitory [2�, 21], a familial and etiological 

continuity between subclinical psychotic experiences and psychotic disorders has been suggested. 

Etiological continuity refers to the notion that environmental factors implicated in clinical psychosis 

might be also important in eliciting subtle psychotic phenomena at preclinical stages of the psychosis 

continuum. Familial continuity indicates that the families of individuals with clinical psychotic disorder 

have higher rates of subclinical psychotic experiences and/or schizotypy, the milder and non-clinical 

form of psychosis at the level of personality structure [22]. Therefore, investigating psychotic symptomsTherefore, investigating psychotic symptoms 

in non-clinical populations with a higher than average risk of developing the disorder (psychometrically 

identified individuals with high schizotypy scores or first-degree relatives of patients with psychotic 

disorder) may help to increase the understanding of underlying mechanisms of psychotic symptoms 

and endophenotypes (e.g. increased stress sensitivity), without the problem of, for instance, potential 

confounding by antipsychotic treatment or effects of chronicity of psychotic illness. 
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However, besides evidence supporting a psychosis continuum, the exact nature of this continuum still 

remains to be elucidated [23], including the identification of mechanisms and processes of transition 

over that continuum. While some studies suggest quantitative differences along the continuum, there 

might also be qualitative differences between those with subclinical symptomatology and those with 

established psychotic disorder, suggesting that studying mechanisms at different levels of psychosis risk 

may be valuable. 

Clinical as well as subclinical psychotic experiences comprise broad concepts and have been divided 

into several symptom dimensions. Besides the possible classification into positive, negative, manic, 

depressive and disorganized symptoms and developmental cognitive alterations [24], there are 

several specific dimensions of positive psychotic symptoms such as hallucinations and delusions. 

Similarly, subclinical symptom dimensions have been identified, including persecutory ideation, bizarrepersecutory ideation, bizarre 

experiences, perceptual abnormalities and magical thinking [13]. Bentall and Fernyhough have proposedBentall and Fernyhough have proposed 

that environmental influences impacting on psychotic experiences may display degrees of dimensional 

specificity [25], emphasizing the need to differentiate between symptom dimensions when studying 

underlying mechanisms. Therefore, one focus of this thesis was to differentially study positive symptom 

dimensions in association to environmental and genetic factors (Chapter 3, 4 & 5).

Affective pathway to psychosis 

In line with the idea of different subtypes of schizophrenia are the results of recent studies, which, in 

search of causal mechanisms and endophenotypes, investigated aberrations in sensitivity to stress as 

underlying vulnerability for psychotic disorders. In the face of everyday stress, patients with a psychotic 

disorder and their unaffected first-degree relatives have been found to display elevated emotional and 

behavioral responses [26]. It is suggested that this phenomenon, described as increased stress sensitivity,[26]. It is suggested that this phenomenon, described as increased stress sensitivity, 

might be a sign of genetic and/or environmental liability to psychotic disorder [27]. Subsequent studies 

have shown that increased stress sensitivity clusters within families and might indeed be a vulnerability 

marker for psychosis [28, 29]. Moreover, studies revealed that increased stress reactivity is independent 

from cognitive impairments and might even be a mutually exclusive mechanism or pathway to psychotic 

disorder [3�-32]. While cognitive impairments seem to be predominantly associated with negative 

symptoms, increased stress reactivity has been found to be associated with positive psychotic symptoms 

[32]. Importantly, a genetic correlation between increased stress reactivity and the positive dimension 

of psychosis has been reported for clinical [29] as well as for subclinical psychotic experiences [28]. In 

addition, there is some evidence that part of the elevations in stress sensitivity can be explained by 

prior environmental exposures as life events [33] and childhood trauma [34]. Interestingly, these studiesInterestingly, these studies 

suggest that increased stress sensitivity characterizes a certain subgroup of patients that experience 

predominately positive psychotic symptoms.
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In conclusion, these studies provide evidence that increased sensitivity to stress is an endophenotype 

for psychosis. The underlying biological and genetic mechanisms of this increased stress sensitivity, 

however, have not satisfactorily been identified. Therefore, a main goal of the current thesis was to 

examine biological and genetic correlates of elevated stress sensitivity in psychosis (chapter 5, 6 & 7).

(Social) Environment and psychosis

At present, there is overwhelming epidemiological evidence supporting the importance of environmental 

stress exposure in the developmental trajectory towards psychotic disorders [35] as well as for 

psychotic experiences in the general population [36]. Many of those factors, e.g. growing up in an urban 

environment [37, 38], experiencing discrimination [39] or childhood trauma [4�] can be considered 

as indicators of social stress. Stress is thus an important factor in the etiology of psychosis, but many 

questions remain unanswered. None of the factors, for example, seems a necessary or sufficient cause 

to predict psychosis and it is unlikely that the diversity of environmental influences can be linked to as 

many different underlying mechanisms.

One possible approach to clarify the findings of epidemiological research may be to zoom into the 

microenvironment [41]. An excellent tool to study mechanisms at the microenvironment of everyday life 

is the Experience Sampling Method (ESM), as this enables the study of moment-to-moment changes of 

symptomatology in association with various contextual factors [42]. ESM is a structured self-assessmentis a structured self-assessment 

diary technique that is used to assess momentary context, thoughts, mood, and symptoms in the flow 

of daily life. Studies have demonstrated the feasibility, validity, and reliability of ESM in general and 

patient populations [42, 43]. In chapter 4, we present a study in which we used ESM to investigate 

whether social contextual variables are predictive of momentary increases in the intensity of paranoid 

thinking in a sample of participants ranging across the psychometric paranoia continuum. 

Besides the external social environmental factors, there is also evidence for more internal trait-like 

problems, including alterations in social and interpersonal functioning. Clinical improvement in patients 

is often independent of improvements in social functioning, suggesting that alterations in social 

functioning may be a continuation of poor premorbid functioning [44]. This is in line with evidence of 

alterations in premorbid social development in childhood [45-47] and adolescence [48] in individuals 

who later develop non-affective psychotic disorder. Individuals at UHR who make the transition to an 

overt psychotic outcome also show alterations in social functioning compared to individuals who do 

not develop clinical psychotic states [49-52]. Furthermore, at the level of the general population, the 

persistence of subclinical psychotic experiences is similarly associated with poorer social functioning 

[16]. Together, these findings suggest that alterations in social functioning may impact on development 

of psychotic illness in those at risk. However, several issues remain. For instance, most studies only 

addressed one direction -social functioning predicting psychosis rather than the other way round- or used 
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a cross-sectional design, which precludes observing how the variables are related over time. Moreover, 

most studies have looked at overall psychotic symptomatology or psychotic illness as outcome, but not 

at separate dimensions of symptoms. Most importantly, the majority of studies were conducted in UHR 

or patient populations. In individuals further along the extended psychosis continuum, it may be more 

difficult to draw conclusions, because the very presence of clinical psychotic experiences may color the 

interpretation of (neutral) social stimuli. In chapter 3 a study is presented, in which we extend results of 

the association between social functioning and psychotic symptoms in at-risk and patient populations 

to a general adolescent sample, considering differences between different symptom dimensions in the 

association with interpersonal functioning. 

Biological underpinnings

The biological substrates underlying the phenomenon of increased stress sensitivity or the link between 

stress and psychotic experiences remain largely unknown, and vulnerability markers need to be identified. 

Results of experimental studies suggest that increased psychotic reactivity to stress may reflect increased 

dopamine reactivity [53, 54]. In addition, several lines of evidence indicate that dysregulation of the 

hypothalamic-pituitary-adrenocortical (HPA) axis may play a role in the relationship between stress and 

psychotic experiences [55, 56]. In individuals with a psychotic disorder, abnormalities have been found 

at various levels of the HPA axis, including functional and structural changes in the hypothalamus [57],, 

the pituitary [58], and the hippocampus [59]. More specifically, patients with psychotic disorder displayMore specifically, patients with psychotic disorder displayatients with psychotic disorder display 

reduced hippocampal size [6�-63]. Recent studies have shown that similar alterations in hippocampal 

volume (HV) are present in first-degree relatives of patients with schizophrenia [64, 65], suggesting 

that HV changes constitute part of the liability to psychosis. The hippocampus plays a pivotal role in 

regulating emotional responses to stressful stimuli and in the negative feedback mechanism on HPA 

axis activity [66-7�], and is therefore an interesting candidate in search for biological underpinnings of 

increased stress sensitivity. 

Similarly, diurnal cortisol levels and cortisol reactivity to stress may be disturbed in patients with psychotic 

disorder [71-79], although results are inconsistent. Moreover, patient status and use of medication, although results are inconsistent. Moreover, patient status and use of medicationMoreover, patient status and use of medication 

introduce difficulties for the interpretation of the results: are cortisol alterations a state marker, a 

trait marker or a result of antipsychotic medication? Therefore, studies in individuals at increased 

psychometric risk for psychotic disorder were conducted. Schizotypal adolescents, for example, were 

found to have higher cortisol levels than controls [8�], and heightened cortisol secretion in another 

sample of schizotypal adolescents was associated with schizotypal symptomatology at 2-year follow-up 

[81]. The potential predictive value of cortisol alterations is further supported by findings in a sample of 

young people at increased risk of psychotic disorder; Walker et al. (2�1�) recently reported that higher 

cortisol levels predicted higher risk of conversion to psychotic disorder in an at-risk sample studied 
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longitudinally. However, cortisol reactivity to daily life stress in a sample at heightened genetic risk for 

psychosis has never been investigated.

Together these findings add support to the hypothesis that HPA axis abnormalities may underlie 

vulnerability to psychotic disorder and potentially also to heightened stress reactivity. Consequently,Consequently, 

we examined daily life cortisol patterns in siblings of patients with a psychotic disorder compared to 

healthy controls. Besides examination of the diurnal slope and cortisol reactivity in response to naturallyexamination of the diurnal slope and cortisol reactivity in response to naturally 

occurring stressors, we investigated the association between momentary psychotic experiences and 

momentary cortisol secretion. Results of this study are presented in chapter 5. Moreover, the study Moreover, the study 

presented in chapter 6 investigated the association between hippocampal volume and emotional 

and cortisol reactivity to daily life stress in a sample of individuals with different degrees of psychosis 

liability.

Gene-environment interactions

Heterogeneity in behavioral and biological responses to environmental stressors can best be understood 

in the framework of the vulnerability-stress model [82]. According to the vulnerability-stress model, 

sensitivity to environmental stressors depends on the genetic liability of an individual. This approach 

has led to a series of studies investigating gene-environment interactions in the search for mechanisms 

of stress sensitivity and the development of positive psychotic symptoms [e.g. 83].

Moffitt et al. (2��5) recommended a prospective collection of cumulative, repeated measures of 

proximal rather than distal environmental risk factors to optimize the environmental risk measurement 

in gene–environment research [84]. ESM has therefore been proposed as an excellent tool to study 

gene-environment interactions [42]. This is confirmed by a few studies of our group that used ESM to 

study gene-environment interactions in psychopathology [85-87]. 

In individuals at increased genetic risk for psychosis, augmented stress sensitivity in daily life has been 

associated with an augmented dopamine response to a physiological stressor [88]. Therefore, genetic 

variation in the Val158Met functional polymorphism of the catechol-O-methyltransferase (COMT) gene 

is an obvious candidate to study genetic moderation of environmental stress in psychosis. The COMT 

gene encodes an enzyme that is critical in the breakdown of dopamine, especially in the prefrontal 

cortex, and brain COMT enzyme activity in individuals with the Val/Val genotype is about 4�% higher 

than in individuals with Met/Met genotype [89].

While the Val-allele carriers have been found to be more sensitive to the psychotogenic effects of 

cannabis [87], results of some COMT-stress interaction studies point towards exaggerated sensitivity 

to stress in Met-carriers [9�, 91]. The first ESM study in patients with psychotic disorder showed that 
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patients with the Met/Met genotype reported the largest increase in psychotic symptoms and negative 

emotions in response to daily stressors, thus providing evidence for gene-environment interaction 

mechanisms in the formation of psychotic symptoms [86]. Interestingly, this effect was not found in the 

healthy control group and a second study in a general population sample found opposite results, with 

Val/Val carriers displaying more feelings of paranoia in response to stress [92]. Thus, COMT Val158Met 

interactions with stress may be contingent on background genetic risk for psychotic disorder, revealing 

the need for replication studies. Consequently, in chapter 7, such a replication study is presented 

including patients with a psychotic disorder as well as healthy controls allowing the examination of 

disease specific effects.  

Aims of this thesis

The overall aim of this thesis was to further explore potential mechanisms underlying clinical and 

subclinical positive psychotic symptoms as well as the mechanisms underlying increased stress 

sensitivity, including contextual effects (social factors), biological markers and genetic underpinnings in 

the form of gene-environment interactions.

This led to the following research:

In chapter 2, literature is reviewed about environmental effects on psychosis. We propose the concept 

of sensitization as a possible link between environment and psychosis and discuss potential biological 

correlates of sensitization processes. As epidemiological studies suggest that social factors may be 

important risk factors for psychosis, we investigated the bi-directional, longitudinal association between 

interpersonal functioning and different positive psychotic symptom dimensions in a general population 

adolescent sample (chapter 3). In chapter 4, we zoomed in into the microenvironment of daily life in 

order to understand effects of social context on momentary paranoia at different levels of the paranoia 

phenotype. 

A further aim was to investigate biological correlates of the association between stress and psychosis and 

of increased stress sensitivity. In chapter 5, cortisol patterns in the context of daily life were examined 

in siblings of patients with a psychotic disorder compared to healthy controls. This included, among 

others, examination of the diurnal slope, cortisol reactivity in response to naturally occurring stressors, examination of the diurnal slope, cortisol reactivity in response to naturally occurring stressors, 

and the association between momentary psychotic experiences and momentary cortisol. InIn chapter 

6, we investigated the role of hippocampal volume in association with levels of emotional and cortisol 

reactivity to daily life stress and the hypothesis whether this association was different between groups 

with different degrees of risk for psychotic disorder. 

Genetic variation might act synergistically with environmental stress in eliciting psychotic symptoms. In 

chapter 7, we aimed to replicate the association between the COMT gene and stress sensitivity and to 

clarify whether it might be moderated by psychosis liability. 
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Abstract

Previous evidence reviewed in Schizophrenia Bulletin suggests the importance of a range of different 

environmental factors in the development of psychotic illness. It is unlikely, however, that the diversity 

of environmental influences associated with schizophrenia can be linked to as many different underlying 

mechanisms. There is evidence that environmental exposures may induce, in interaction with (epi)genetic 

factors, psychological or physiological alterations that can be traced to a final common pathway of 

cognitive biases and/or altered dopamine neurotransmission, broadly referred to as “sensitization”, 

facilitating the onset and persistence of psychotic symptoms. At the population level, the behavioral 

phenotype for sensitization may be examined by quantifying, in populations exposed to environmentalexposed to environmental 

risk factors associated with stress or dopamine-agonist drugs, i) the increased rate of persistence, i) the increased rate of persistence 

(indicating lasting sensitization) of normally transient developmental expressions of subclinical psychotic 

experiences and ii) the subsequent increased rate of  transition to clinical psychotic disorder.

Key words: environment/psychosis/schizophrenia/mechanisms/mediators 
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Introduction

In previous issues of Schizophrenia Bulletin [1-9], evidence has been presented suggesting that 

environmental risk factors (prenatal stress/malnutrition/infection/hypoxia, paternal age, developmental 

trauma, urbanicity, cannabis, ethnic minority group, social fragmentation) may be associated with 

an increased risk for schizophrenia and psychotic symptoms, resulting in widespread geographical 

variation in incidence and prevalence [1�]. These studies have several themes in common and are 

summarized in the box. It is clear that much remains to be clarified. For example, although the research 

on individual environmental risk factors is mostly consistent, effect sizes have been derived from bias 

and confounding-prone observational research, none of the hypothesized factors are likely necessary 

or sufficient, nor are they specific for psychosis outcomes. In addition, variables such as ethnic group, 

urbanicity or prenatal maternal malnutrition merely represent proxies for one or more non-genetic 

factors that remain to be identified. 

Given these uncertainties, relatively little attention has been paid to what arguably constitutes the most 

challenging issue: is there any evidence for a plausible mechanism linking exposure to the environment 

to psychosis outcomes? How does the environment induce change in human beings so that enduring 

risk states or psychopathological outcomes may result? Rutter [11] has argued that there a number of 

ways in which the environment can impact on the individual to increase the risk for psychopathology, 

including effects on gene expression, effects on developmental programming of the brain, effects on 

neuroendocrine and neurotransmitter functioning, effects on patterns of interpersonal interactions 

that may shape risk for later psychopathology, and effects on affective and cognitive processing. 

Therefore, one way to validate the hypothesis of a link between the environment and psychosis is to 

examine to what degree the two may be plausibly linked by any of the above mentioned cognitive or 

biological mechanisms. Given the fact that i) it is unlikely that the extreme diversity of environmental 

influences associated with schizophrenia can be linked to as many different underlying mechanisms 

and ii) it has been suggested that environmental exposures in schizophrenia may induce psychological 

or physiological alterations that can be traced to a final common pathway of cognitive biases and/

or altered dopamine neurotransmission [12-15], this particular suggestion will be examined in more 

detail, subsumed under the broad header of “sensitization”. 

Sensitization

Sensitization refers to the observation that individuals who are exposed repeatedly to an environmental 

risk factor may develop progressively greater responses over time, finally resulting in a lasting change 

in response amplitude. It has been hypothesized that the process of sensitization is the substrate for 

the susceptibility to the psychosis-inducing effects of stress and dopamine-agonist drugs observed in 

patients with schizophrenia [13, 16]. Given the fact that many environmental exposures associated 
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with schizophrenia may be linked to stress or dopamine-agonist drugs, sensitization may represent a 

common mechanism linking multiple environmental influences.

Sensitization: cognitive and affective processing

Although the precise exposure under most environmental risk factors associated with schizophrenia 

remains unknown, many, including trauma, ethnic minority group, urbanicity and social fragmentation 

can be plausibly traced to “social defeat”-type psychological effects [17] in the realm of interpersonal 

interactions. Such effects play a key role in recent cognitive models of psychosis [12, 18-23]. Early 

exposure to environmental risk factors such as developmental trauma and discrimination may shape 

specific negative beliefs about the self and about others. It has been hypothesized that such negative 

schemas and self-beliefs may predispose individuals to employ external attributions for negative 

events, possibly in order to protect the self from negative self-evaluative beliefs (delusion-as-a-defense 

theory) [18, 24, 25]. Indeed, studies have confirmed that psychotic individuals likely attribute negative 

events to external causes [18]. Accordingly, dysfunctional beliefs and schemas may moderate the 

psychotogenic effect of later environmental risk factors, such as adverse life events, for psychosis. It 

has been argued that stressful events trigger particular emotional and cognitive changes, including 

automatic cognitive processes and maladaptive conscious appraisals. These, in combination with. These, in combination with 

cognitive biases induced by earlier exposures, may be crucial in the formation and maintenance of 

positive symptoms of psychosis [12, 26]. Recent work examining these hypotheses has yielded some Recent work examining these hypotheses has yielded some 

evidence that the path from childhood abuse or trauma to adult psychopathology and respectively 

psychosis is mediated by disrupted self-representations and negative beliefs about others, as well as by 

alterations in meta-cognition that may predispose to psychosis [27-29]. With the advent of sophisticated 

virtual reality (VR) techniques, researchers now can conduct controlled experiments in order to study, 

for example, how paranoia may arise from cognitive biases by observing how people interact with one 

another and interpret interpersonal behavior in controlled social situations. Early results show that 

people with paranoid thinking patterns interpret social signals abnormally [3�]. These VR experiments 

can be extended to test whether certain environmental exposures, or indeed certain genotypes, are 

associated with psychotic interpretations. If ethically acceptable, similar controlled experiments can be 

conducted using actual environmental exposures. For example, a recent experimental study showed 

that in individuals with a liability for psychosis, paranoid thoughts were exacerbated by a deprived 

urban environment [31].

Sensitization: behavioral stress-sensitivity

It has been demonstrated that persons with a higher than average liability to psychosis are over-reactive 

to small stressors displaying an exaggerated affective response [32] and increases in the intensity of 

subtle psychotic experiences associated with minor stresses in the flow of daily life [33]. This effect 



27

      Chapter 2

may be described as behavioral sensitization, as it has been shown to result, at least in part, from a 

sensitization process by which previous exposures to severe stress, such as childhood trauma [34] or 

stressful life events [35], increase the sensitivity to small stresses in daily life, the cumulative impact of 

which might lead to the development of impairment and need for care [36]. These findings therefore 

suggest that the effects of early stress may give rise to a lasting liability in the form of emotional and 

psychotic reactivity. 

Sensitization: dopamine neurotransmission

Research has revealed that dopamine is released in response to stress in both animals [37-39] and 

humans [4�, 41], although not all studies agree [42]. As dopamine is often regarded as the final common 

pathway of the factors involved in the causation of psychosis [13, 43], it is attractive to speculate that 

dopamine plays a role in the pathway from environmental risk exposure to psychosis.

In animals, there is compelling evidence that disruptions in postnatal rearing conditions can lead 

to profound and lasting changes in the responsiveness of mesocorticolimbic dopamine neurons to 

stress and psychostimulants [44-46]. A similar mechanism may exist in humans as well and provide an 

explanation for differential dopamine reactivity in those with and without psychosis liability [47, 48]. For 

example, a recent human study reported that mesolimbic dopamine release in response to psychosocial 

stress depended on low early life maternal care [41]. In rodents, there is evidence that not only early 

life stress, but also use of agonist drugs may induce sensitization of dopamine systems [45]. Not only 

is there evidence for similar mechanisms in humans [49], studies also indicate that schizophrenia is 

associated with increased amphetamine-induced dopamine release [5�]. 

While these findings go some way towards validating the link between environmental exposures and 

psychosis, the precise mechanisms and neurocircuitry underlying stress-dopamine interactions and 

sensitization in schizophrenia remain unknown. There is evidence that mesocortical dopaminergic 

innervation of the prefrontal cortex (PFC) may regulate the activity of mesolimbic subcortical DA 

innervations, and that the impact of environmental risk factors may result in taking the PFC “off line”, 

resulting in altered responsiveness of subcortical dopaminergic innervations [51]. Thus, when dopamine 

transmission is increased by exposure to stress or agonist drugs, there may be a shift in the balance 

of the system away from prefrontal cortical control and toward limbic predominance, facilitating the 

onset of psychotic symptoms [45, 52]. Genetic variation may act synergistically with environmental risk 

factors in shifting the balance between mesocortical and mesolimbic dopamine neurotransmission, 

explaining interactions between, for example, cannabis and the COMTval158met polymorphism [53, 

54]. Other models for gene-environment interactions have been proposed. For example, it has been 

suggested that excessive levels of catecholamine release during stress impair PFC cognitive function 

through intracellular signalling pathways; schizophrenia may arise in individuals with mutations in DISC1 

and RGS4, who may have weaker regulation of these intra-cellular stress pathways [55]. Other factors 

may also play a role. For example, there is animal evidence that glucocorticoids may control stress-
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induced sensitization by changing the sensitivity of the mesencephalic dopaminergic transmission to 

drugs of abuse [56]. Similarly, prenatal stress, associated with schizophrenia [57], may induce changes 

in dopamine sensitivity of the nucleus accumbens and in the capacity to develop amphetamine-induced 

sensitization in adulthood, which may be mediated by impaired control of corticosterone secretion 

in the prenatally-stressed animal [58]. Finally, neurotransmitter sensitisation may be associated with 

epigenetic mechanisms. Epigenetic factors are inherited and acquired modifications of DNA (eg DNAEpigenetic factors are inherited and acquired modifications of DNA (eg DNA 

methylation) and histones that occur without a change in nuclear DNA sequence but may impact on 

gene expression. The epigenetic state of a gene may be influenced by stress and drugs amongst other 

things and thus be considered a priori as an important factor mediating environment-schizophrenia 

relationships [59]. Many studies have identified changes in mRNA levels in key areas involved inany studies have identified changes in mRNA levels in key areas involved in 

dopaminergic neurotransmission including the ventral tegmental area and the nucleus accumbens 

induced by dopamine-agonist drugs (including cannabis) [6�-63]. Similarly, an epigenetic mechanism 

has been shown to mediate the relationship between variations in mother–infant interactions and the 

development of individual differences in behavioral and endocrine responses to stress in adulthood 

[64].

Sensitization: epidemiological predictions

If environmental risk factors are causally associated with psychotic disorder and sensitization is the 

mechanism linking risk and outcome, then the challenge is to find a way to measure its behavioral 

phenotype and demonstrate epidemiological evidence that matches the hypothesis. Cougnard andCougnard and 

colleagues [65] suggested that the behavioral phenotype for sensitization may be examined at thehe behavioral phenotype for sensitization may be examined at the 

population level by quantifying, in populations exposed to environmental risk factors associated withexposed to environmental risk factors associated with 

stress or dopamine-agonist drugs, i) the increased rate of persistence (indicating lasting sensitization), i) the increased rate of persistence (indicating lasting sensitization) 

of normally transient [66-68] developmental expressions of subclinical psychotic experiences and ii) the[66-68] developmental expressions of subclinical psychotic experiences and ii) thedevelopmental expressions of subclinical psychotic experiences and ii) the 

subsequent increased rate of  transition to clinical psychotic disorder (Fig. 1). In two large, prospective (Fig. 1). In two large, prospective 

independent general population studies (NEMESIS, n�7�76 and EDSP, n�3�21) they examined the studies (NEMESIS, n�7�76 and EDSP, n�3�21) they examined thethe 

hypothesis that relatively common, subclinical developmental psychotic experiences would become 

abnormally persistent when synergistically combined with developmental exposures that may impact on 

sensitisation such as cannabis, developmental trauma and urbanicity. The authors found that the three-

year persistence rates of psychotic experiences were low at 26% in NEMESIS and 31% in EDSP. However, 

persistence rates were progressively higher with greater baseline number of environmental exposures 

in predicting follow-up psychotic experiences. The authors concluded that level of environmental risk 

combines synergistically with subclinical developmental expression of psychosis to cause abnormal 

persistence, reflecting a mechanism of sensitization. 

In a subsequent study, Dominguez and colleagues [69] went one step further and examined the[69] went one step further and examined the went one step further and examined theexamined the 

hypothesis that the probability of poor outcome (in the sense of clinical psychotic disorder) of the 

normally transitory developmental expression of subclinical psychosis in the general population 
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becomes progressively greater with more tendency to persistence over time. Expression of psychosis was 

assessed four times (T�-T3) over a period of 8.4 years in a sample of 845 adolescents from the general 

population. Transition from subclinical psychosis at T�-T2 to clinical psychosis at T3 was examined as a 

function of the level of prior persistence of the subclinical phenotype over T�-T2 (subclinical psychosis 

present never, once, twice or thrice at T�, T1 and T2). The authors found that the more subclinical 

psychosis persisted over the period T�-T2, the greater the risk of transition to clinical psychosis at T3 in 

a dose-response fashion.

Conclusion

Although many questions remain, there is some evidence that environmental exposures may induce, 

in interaction with (epi)genetic factors, psychological or physiological alterations that can be traced 

to a final common pathway of cognitive biases and/or altered dopamine neurotransmission, broadly 

referred to as “sensitization”, facilitating the onset and persistence of psychotic symptoms. The 

behavioral phenotype for sensitization may be examined at the population level by quantifying, in 

populations exposed to environmental risk factors associated with stress or dopamine-agonist drugs, i)exposed to environmental risk factors associated with stress or dopamine-agonist drugs, i), i) 

the increased rate of persistence (indicating lasting sensitization) of normally transient developmental 

expressions of subclinical psychotic experiences and ii) the subsequent increased rate of  transition to 

clinical psychotic disorder.
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Box 1: Common themes of recent reviews on the link between the environment and schizophrenia

1. Most findings are derived from observational studies that can never conclusively 

exclude bias and confounding 

2. It is not clear to what degree genetic liability for psychosis is the origin of the 

environmental influence (eg psychosis liability contributing to later cannabis use or 

maternal psychosis liability giving rise to pregnancy complications). 

3. For the majority of environmental risk factors, the increase in risk is associated with 

exposure before adulthood suggesting an interaction with developmental processes. For 

example, the risk-increasing effects of urbanicity, trauma and cannabis use are limited 

to exposure during childhood and adolescence, suggesting they may create enduring 

liabilities that, in interaction with other factors, bring about psychotic disorder in 

adulthood. 

4. Relative risks associated with environmental exposures are modest and none are 

likely necessary or sufficient. Indeed, for most, interactions with genetic risk factors 

are hypothesized and some gene-environment interactions using direct or indirect 

measures of genes and environments have been reported. 

5. Many, if not most, of the environmental candidate factors represent proxies for as yet 

unidentified non-genetic effects. For example, while ethnic group and urbanicity can 

be readily used as categorical variables in statistical analyses, it is not known what 

underlying true environmental effect they may represent.  

6. The evidence for a link between the environment and psychosis is for many risk 

factors, at least where this has been studied, not limited to the narrow syndrome of 

schizophrenia, but extending to broader psychometric expressions of psychosis in the 

form of psychotic-like symptoms or schizotypy. 

7. None of the reported risk factors can claim a specific link to psychosis – all have been 

associated with a range of other psychiatric and somatic disorders
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Figure 1. Sensitization behavioural phenotype. Person A has “normal” developmental expression of subclinical 

psychotic experiences that are mild and transient. Person B has similar expression, but longer persistence due 

to additional but mild environmental exposure. Person C has prolonged persistence due to severe repeated 

environmental exposure and subsequent transition to clinical psychotic disorder
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Abstract

Background

Cross-sectional studies have indicated that alterations in social functioning, particularly interpersonal 

functioning, are associated with the occurrence of psychotic symptoms and experiences at different 

levels of the extended psychosis phenotype (ranging from population psychometric expression of 

liability to overt psychotic disorder). However, more research is needed on the development of this 

association over time.

Methods

Cross-lagged path modelling was used to analyse bi-directional, longitudinal associations between four 

dimensions of subclinical psychotic experiences (persecutory ideation, bizarre experiences, perceptual 

abnormalities, magical thinking) and interpersonal functioning in an adolescent general population 

sample (N�881 at T1, N�652 at T2 and, N�512 at T3), assessed three times in three years. 

Results

All symptom dimensions showed some association with interpersonal functioning over time, but 

only bizarre experiences and persecutory ideation were consistently and longitudinally associated 

with interpersonal functioning. Poorer interpersonal functioning predicted higher levels of bizarre 

experiences and persecutory ideation at later measurement points (both T1 to T2 and T2 to T3). 

Conclusions

Poor interpersonal functioning in adolescence may reflect the earliest expression of neurodevelopmental 

alterations preceding expression of psychotic experiences, in a symptom-specific fashion. 

Key words: psychotic disorder*/interpersonal relation*/social support/longitudinal studies/risk factors/ 

schizophrenic psychology
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Introduction

Psychosis is thought to exist as an extended phenotype including levels below clinical expression [1]. 

Subclinical psychotic experiences are commonly reported in the general population [2], particularly 

during adolescence, when expression of psychosis proneness peaks [3, 4]. Although mostly transient 

in nature [5, 6], psychotic experiences may be predictive of later psychotic disorder in some individuals 

[5, 7]. According to the psychosis proneness – persistence – impairment model [8], the pathway from 

incidental psychotic experiences to clinical psychosis is mediated by the persistence of these experiences, 

which may eventually lead to need for care. Persistence of subclinical experiences and shifts along 

the extended psychosis phenotype are thought to result from an interactive process influenced by a 

number of biological, psychological and social factors [9, 1�].  

One factor that impacts on risk for psychosis is social functioning. Deviations in social functioning are a 

common feature in patients with schizophrenia , those experiencing a first episode of psychotic illness, 

and in help-seeking individuals at ultra-high risk (UHR) for psychotic disorder [11].  This is consistent  

with evidence of deficits in premorbid social development in childhood [12, 13] and adolescence [14] 

in individuals destined to develop non-affective psychotic disorder. Individuals at UHR who transition 

to psychotic disorder also show poorer social functioning compared to those who do not make the 

transition [15-17] [18]. At the general population level, persistence of subclinical psychotic experiences 

is similarly associated with poorer social functioning [5]. A recent prospective study of a general 

population sample from Israel showed that transition from subclinical psychotic experiences to hospital 

admission for psychotic disorder occurred almost exclusively in the group with psychotic experiences 

who also showed deviant premorbid social functioning [19]. 

Together, these findings suggest that poor social functioning, possibly reflecting alterations in 

neurodevelopment, are associated with development of psychotic illness in those at psychometric risk. 

However, several issues remain. Most studies have only addressed one direction in the relationship, 

i.e. social functioning predicting psychosis rather than vice versa, or have used a cross-sectional design, 

which precludes observing how the variables are related over time. Another issue is that most studies 

employed a broad and variable definition of social functioning, capturing quality of social relations 

as well as occupational and educational achievements. Distinguishing between these concepts is 

important, since they may be differentially related to outcome. For example, Cornblatt and colleagues 

(2��7) showed that poorer social functioning predicted the transition from UHR status to overt 

psychotic disorder, whereas role (academic/work) functioning did not[15]. Similarly, Velthorst et al. 

(2�1�) found that amid a range of disability domains, only “getting along with people” predicted the 

onset of psychosis in their UHR sample[17].

The concept of subclinical psychotic experiences is similarly broad and captures many dimensions 

which may be quite different in their pattern of associations with other measures. Several dimensional 

solutions have been proposed in both adult[2�] and adolescent[3, 4] populations. Yung and colleagues 

(2��9) demonstrated a four-dimensional structure of subclinical positive psychotic experiences 
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(persecutory ideation, bizarre experiences, perceptual abnormalities and magical thinking). These 

separate symptom dimensions were differentially associated with secondary distress and other 

measures of psychopathology such as depression. 

Research has shown that environmental risk factors for psychotic experiences may be associated with 

specific dimensions of these experiences, such as hallucinations or paranoia[21] . It may be hypothesized 

that distinct symptom dimensions of psychotic experiences may also be differentially related to aspects 

of interpersonal functioning. For example, persecutory ideation may be related to interpersonal 

functioning because paranoia frequently involves misinterpretation of other people’s behavior [22]. 

Furthermore, experimental studies using virtual reality paradigms to investigate paranoia in different 

social contexts have demonstrated that individuals with paranoid thinking patterns interpret neutral 

social signals as threatening [23, 24].  

The current study addressed the longitudinal association between dimensions of subclinical positive 

psychotic experiences (as identified in the current sample by Yung et al., 2��9) and interpersonal 

functioning in an adolescent general population sample followed over three years. The study aimed 

to examine longitudinal bidirectional associations between interpersonal functioning and positive 

psychotic experiences. Interpersonal functioning was defined as functioning in context of family and 

peers, and four specific subdimensions of subclinical psychotic experiences were examined, including, 

persecutory ideation, bizarre experiences, perceptual abnormalities and magical thinking. Since earlier 

work has previously found association of  social function with depressive and negative symptoms, these 

symptoms were controlled for[25].

Methods

Sample

Participants were recruited through secondary schools in the western metropolitan region of Melbourne, 

Australia. Sixty secondary schools were approached to participate; 34 consented. Three data collection 

waves were completed: T1 (baseline), N�881; T2, (12 months after baseline); N�652 (74% of original 

cohort); and T3 (three years after baseline assessment), N�512 (58% of the original cohort). At baseline, 

51% was female. The mean age was 15.6 years (SD 2.6). 

At T1, students from each school were assessed by questionnaire. Trained research assistants were 

present in the classroom to answer queries. All participants provided written informed consent and 

assent from their parent/guardian. The second wave of data collection (T2) comprised a semi-structured 

interview and questionnaires conducted in the participant’s home or at Orygen Youth Health, a youth 

mental health service. Written consent was again obtained from participants and their parent/guardian 

if they were still under 18 years of age. This process was repeated atT3. The study was approved by 

Research and Ethics Committees at the University of Melbourne, Victorian Department of Education 

and the Catholic Education Office.  



41

Chapter 3

Instruments 

The Community Assessment of Psychic Experiences (CAPE) positive experiences subscale (2� self-

reported items), based on the Peters et al Delusion Inventory [26], was used to assess psychotic 

experiences at all study phases [27]. The CAPE negative symptom subscale was only assessed at T1. 

Each CAPE item rates two aspects of psychotic experiences: (i) frequency and (ii) associated distress, 

both rated on a four-point scale of never/not distressed (1); sometimes/a bit distressed (2); often/quite 

distressed (3); nearly always/very distressed (4). The CAPE items showed good internal consistency at 

all time points (T1, Cronbach’s alpha��.85; T2 and T3, �.82). The 2� frequency items of the positive 

experience subscale were used to index psychotic experiences. The four sum scores of the subscales 

of the CAPE defined by Yung et al. (2��9) (persecutory ideation, bizarre experiences, perceptual 

abnormalities, magical thinking) were used to separately investigate the association of each symptom 

dimension with interpersonal functioning. Persecutory ideation was defined using 7 items including 

“Have you ever felt that you are being persecuted in some way?”. Bizarre experiences included 6 items 

including, for example: “Have you ever felt as if the thoughts in your head are being taken away from 

you?”, 3 items measured perceptual abnormalities, for example:” Have you ever heard voices when 

you were alone?“) and 4 items defined magical thinking, such as: “Have you ever thought that people 

can communicate telepathically?” The sum score of the 12 frequency items of the negative subscale 

was used as a continuous indicator of baseline subclinical negative symptoms (Cronbach’s alpha��.83 

at T1).

The Revised Multidimensional Assessment of Functioning Scale (RMAFS) was used to assess interpersonal 

functioning at all three measurement points. The 23-item questionnaire designed at Orygen Youth 

Health assesses functioning in the domains of family, peer and general daily life. Peer relationshipsPeer relationships 

were assessed with six items (e.g., “I feel close to my friends”, “I spend quite a lot of time with my 

friends”) and family functioning with seven items (e.g., “I get on well with my parents”,“My parents 

disapprove of my friends, lifestyle or appearance”). Items are rated from “not at all or rarely applicable”Items are rated from “not at all or rarely applicable” 

(rated “�”) to “(almost) always applicable” (rated “5”), higher scores indicating better functioning. Peer 

functioning and family functioning (both as observed variables) were set to load on a latent factor 

labelled “interpersonal functioning”. 

The Centre for Epidemiologic Studies Depression Scale (CES-D) was used at T1 to assess level of self-

reported depressive symptomatology over the past week [28]. The CES-D consists of 2� items that rate 

frequency of depressive symptoms from 1 (rarely) to 4 (mostly). The sum score defined continuous 

depression outcome (T1, Cronbach’s alpha��.75).

Analysis

Analysis was conducted with Mplus 5.1 (Muthen & Muthen, 1998-2��7) and PASW Statistics 18. Full 

Information Maximum Likelihood (FIML) was used for model estimation in Mplus and, given that data 
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were non-normally distributed, robust ML (MLR) was used. This method estimates a mean-adjusted 

χ2 that is robust to non-normality. Baseline differences between participants who completed all 

assessments and those who dropped out of the study at T2 or T3 were analyzed using independent 

t-tests.

Path analysis was used to investigate relationships between symptom dimensions of subclinical positive 

psychotic experiences and interpersonal functioning over time, using observed as well as latent variables. 

Stability paths of symptom dimensions and interpersonal functioning over time were also included in 

the model. All dimensions of subclinical psychotic experiences were entered as observed variables. A 

path analyses was used to examine a model of interpersonal functioning and psychotic experiences.

In the model, both family and peer functioning were used as indicators of the latent factor of interpersonal 

functioning. This latent factor of interpersonal functioning (one for each measurement point) represents 

an estimation of a general interpersonal functioning phenotype, i.e. the overlap between interpersonal 

functioning in both domains. A cross-lagged path model was made with interpersonal functioning and 

the four CAPE sub-dimensions. Paths were drawn allowing psychotic experiences to predict interpersonal 

functioning over time and vice versa. All symptom dimension scores (persecutory ideation, bizarre 

experiences, perceptual abnormalities, magical thinking) and interpersonal functioning were allowed 

to correlate at all time points. To extract the unique contribution of situation-specific functioning, the 

model also contains two context-specific common factors, one each for family and peer interpersonal 

functioning; hence, the specific association between subclinical psychotic experiences and general 

interpersonal functioning was investigated. This approach, combining both aspects of interpersonal 

functioning into one latent factor, reduces error variance. The path model was corrected for gender, 

baseline depression as measured by CES-D and baseline negative symptoms as measured by CAPE at 

baseline [25]. 

Results

Descriptives

There were no significant differences in age, socio-economic status, baseline depression, overall CAPE 

scores and interpersonal or general functioning between participants who completed all phases of 

the study and those who dropped out at T2 or T3. Participants who completed all phases had lower 

baseline scores on persecutory ideations (t(868)�-2.�2, p��.�44) and magical thinking (t(86�)�-2.�6, 

p��.�4�) than those who dropped out at T2 or T3. There were no baseline differences between the 

groups with respect to the other symptom dimensions. Furthermore, we tested cannabis use and 

socio-economic status as possible confounders; however, although cannabis was associated with 

psychotic experiences, it was not with social functioning, which would be required for it to confound 

the association. Furthermore, socio-economic status was associated with interpersonal functioning, 

but not with psychotic experiences. Therefore these factors were not included in the model.
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Path analysis

Model with latent interpersonal functioning factor

The model for interpersonal functioning with all paths included showed good model fit [χ2(123)� 

253.543; CFI��.962 and RMSEA��.�35]. In Figure 1, all significant paths (p<.�5) are shown (beta 

coefficients indicate path strength). As expected, symptom dimensions were inter-correlated at all 

different time points (for parsimony, these correlations are not depicted). Cross-sectional correlations 

between symptoms dimensions were positive (range r �.2� - �.47). At T1, there was no significant 

correlation between interpersonal functioning and bizarre experiences (r��.�1, p��.86), perceptual 

abnormalities (r�-�.�9, p��.11), persecutory ideation (r�-�.�5, p��.41), or magical thinking (r��.�3, 

p��.65). At T2, interpersonal functioning was negatively correlated with bizarre experiences (r�-�.27, 

p��.��4), perceptual abnormalities (r�-�.18, p��.�4) and persecutory ideation (r�-�.41, p��.���), 

but not with magical thinking (r��.�8, p��.35). At T3, interpersonal functioning was correlated with 

persecutory ideation (r�-�.35, p�.�.���), but not bizarre experiences (r�-�.16, p��.�8), perceptual 

abnormalities (r �-�.15, p��.1�) or magical thinking (r�-�.�8, p��.39). The interpersonal functioning 

factor was indicated by both peer and family functioning. This model showed good model fit and all 

items loaded significantly (p<.�5) on the factor. The factor loadings were quite stable over time: �.72-

�.8� for family functioning and �.41-�.56 for peer functioning. Factor loadings were higher for family 

functioning than peer functioning, indicating that the common interpersonal functioning factor was 

determined more strongly by functioning in family than peer context. 

Longitudinally, interpersonal functioning at T1 predicted bizarre experiences (β�-�.15, p��.�14) and 

persecutory ideation (β�-�.17; p��.��2), but not perceptual abnormalities or magical thinking at T2.  

Interpersonal functioning at T2 predicted bizarre experiences (β�-�.17, p��.�24), persecutory ideation 

(β�-�.17, p��.�17), perceptual abnormalities (β�-�.16, p��.�42) and magical thinking (β�-�.18, p��.��7) 

at T3. None of the subclinical psychotic experiences predicted interpersonal functioning over time. 

Discussion

The present study investigated the bidirectional, longitudinal association between interpersonal 

functioning and different dimensions of subclinical positive psychotic experiences (persecutory 

ideation, bizarre experiences, perceptual abnormalities, magical thinking) in an adolescent general 

population sample. All sub-dimensions showed some longitudinal association with interpersonal 

functioning, interpersonal functioning predicting later psychotic experiences, but only bizarre 

experiences and persecutory ideation were predicted consistently. In addition, while deviations in 

interpersonal functioning predicted persecutory ideation and bizarre experiences over time, this did 

not hold the other way round. The unidirectional nature of the association is consistent with earlier 

research suggesting that poor social functioning precedes the occurrence of symptoms and transition to 
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psychosis in individuals with increased risk for psychotic disorder [29]. The finding that magical thinking 

was less strongly predicted by interpersonal functioning is consistent with earlier work showing that 

this dimension represents a milder form of psychotic experiences [3, 4]. On the other hand, a less 

robust association between interpersonal functioning and perceptual abnormalities contrasts previous 

findings, which suggested that this dimension carries more pathological weight, e.g. shows a strong 

association with depressive symptoms [4, 3�]. It is possible, however, that the more pathological nature 

of perceptual abnormalities is mediated by associations with other dimensions of psychopathology 

(e.g. behavioural or emotional problems) rather than directly by interpersonal functioning [4]. Other 

research demonstrates that the link between functioning and subclinical perceptual abnormalities 

emerges mainly when perceptual abnormalities are accompanied by delusional experiences [9], 

suggesting that a deterioration in social functioning is neither required nor sufficient for subclinical 

perceptual abnormalities to occur.  

The current results extend earlier work in several ways. First, most studies have examined overall 

psychotic symptomatology or psychotic illness as the outcome, but not separate (subclinical) symptom 

dimensions [31]. Since different subtypes of psychotic symptoms may be differentially related to 

outcome [3�], it is important to examine subtypes separately. Second, earlier studies comparing social 

functioning between groups at different levels of risk for psychosis often employed cross-sectional 

designs. This makes it impossible to draw conclusions about possible causality, in contrast to the present 

study. Third, most studies tested only one direction of the association, namely whether interpersonal 

functioning predicts psychosis [18].  This study examined the association bi-directionally. Importantly, 

the majority of studies were conducted in help-seeking UHR or patient populations, but not in the 

general population. In help-seeking and clinical populations, it may be difficult to draw conclusions, 

because the very presence of clinical psychotic experiences may colour the interpretation of (neutral) 

social stimuli. The current results emphasize the importance of the quality of interpersonal relations in 

the development of specific psychotic experiences at the level of the general population and suggest 

that at the subclinical stages of psychosis, interpersonal functioning may be particularly important for 

the formation of persecutory ideation and bizarre experiences. 

Several mechanisms may be hypothesized to underlie this association. First, family interactions 

are particularly important early in life when the child develops basic schemas about interpersonal 

relationships, and may determine trust in others from early life onwards[32]. This is supported by the 

findings that factor loadings of peer functioning on the common interpersonal functioning factor were 

lower than the factor loadings of family functioning, suggesting that family functioning still plays an 

important, central role in determining social functioning in adolescence. Early (deficient) interpersonal 

functioning may thus be a powerful (psychological) mechanism for onset of persecutory ideation. 

Second, neurodevelopmental mechanisms may drive these longitudinal associations. 

The direction of the association between interpersonal functioning and psychotic experiences is in line 

with earlier work by Dominguez and colleagues (2�1�), who found in a longitudinal study on adolescents 

that negative symptoms, that were associated with markers of developmental deviance, preceded 
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positive symptoms, but not the other way around[33]. Thus, social dysfunction and negative symptoms 

preceding positive symptoms may reflect the unfolding of an underlying neurodevelopmental process 

associated with psychosis liability.  

Social functioning is closely related to social cognition[34] and individuals at risk for psychosis show 

alterations not only in social functioning, but also in social cognition, including poor emotion recognition 

and altered theory of mind capacities[35, 36]. These deviations may  increase the probability of psychotic 

symptom expression, as early subclinical pathological ideas are not corrected in social interaction, 

resulting in even worse interpersonal functioning [37]. Breaking this cycle may be important and may 

offer opportunities for early intervention [38], for example using CBT [39].

The results of the study should be interpreted in light of its strengths and limitations. First, clinical 

outcome data were not available; however, the main aim was to examine the development of 

symptoms at the level of subclinical expression during a phase of life characterized by both a peak in 

psychosis proneness and changing social roles and relationships. Second, there was significant sample 

attrition between T1 and T3. However, there were no differences in either CAPE scores or interpersonal 

functioning between those who did and did not remain in the study. Furthermore, the estimator used 

for model estimation used all available data and did not delete individuals list-wise. 

Keeping these limitations in mind, this study’s major strength was the availability of both symptom 

dimensions and interpersonal functioning at all measurement points, enabling the testing of bidirectional 

associations in one model and to address this relationship in more detail. Furthermore, a latent factor 

of interpersonal functioning was used, reducing error variance and representing a more exact estimator 

of interpersonal functioning since it represents the overlap between peer and family functioning. 

Further examination of this kind of longitudinal association between variables early in life may have 

implications for psychological models of psychosis, help test plausible causal mechanisms underlying 

shifts along the extended psychosis continuum and development of need for care, and gain a better 

understanding of early mechanisms preceding the development of subclinical psychotic experiences. It 

should be remembered that associations between psychotic experiences and other concepts, such as 

interpersonal functioning, may differ at different positions along the extended psychosis continuum. 
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Figure 1. Longitudinal associations between interpersonal functioning and symptom dimension scores

Note: Only significant paths are depicted. Latent factors are represented by ovals or circles and manifest (i.e. 

observed) variables as rectangles. All symptom dimensions correlated at all time points (correlations coefficients 

between �.2� and �.47; arrows are not being displayed to keep the figure more simple). Effect sizes are given in 

beta’s. Model is adjusted for gender, subclinical negative symptom scores and depression scores at T1.  
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Abstract

Background

Experimental studies have indicated that social contact, even when it is neutral, triggers paranoid 

thinking in people who score high on clinical or sub-clinical paranoia. We investigated whether 

contextual variables are predictive of momentary increases in the intensity of paranoid thinking in a 

sample of participants ranging across a psychometric paranoia continuum.ranging across a psychometric paranoia continuum..

Methods

The sample (N�154) consisted of 3� currently paranoid patients, 34 currently non-paranoid patients, 

15 remitted psychotic patients, 38 high-schizotypy participants, and 37 control subjects. Based on theirBased on their 

total score on Fenigstein’s Paranoia Scale, three groups with different degrees of paranoia were defined.hree groups with different degrees of paranoia were defined. 

The Experience Sampling Method (a structured diary technique) was used to assess momentary social 

context, perceived social threat and paranoia in daily life. 

Results

There were differences in the effect of social company on momentary levels of paranoia and perceived 

social threat across the range of trait paranoia. The low and medium paranoia group reported higheracross the range of trait paranoia. The low and medium paranoia group reported higher. The low and medium paranoia group reported higher 

levels of perceived social threat when with less familiar compared to familiar individuals. The medium 

paranoia group reported more paranoia in less familiar company. The high paranoia group reported no 

difference in the perception of social threat or momentary paranoia between familiar and unfamiliar 

contacts. 

Conclusions

Paranoid thinking is context-dependent in individuals with medium or at-risk levels of trait paranoia. 

Perceived social threat seems to be context dependent in the low paranoia group. However, at high levels 

of trait paranoia momentary paranoia and momentary perceived social threat become autonomous 

and independent of social reality. 

Key words: environment/psychosis/mechanism/context/daily life/experience sampling



53

Chapter 4

Introduction

A key feature of paranoid ideation, one of the most common delusions in psychosis [1, 2], is a 

misinterpretation of other people’s behavior [3]. Paranoia can be understood as an exaggerated 

perception or belief that others have malevolent or harmful intentions towards oneself [4, 5]. Some 

authors have suggested that aberrant motivational salience of neutral environmental stimuli may be 

responsible for such beliefs [6, 7]. The social environment may thus be particularly important in the 

formation of paranoia.

Several experiments have confirmed the significance of social factors in the development of psychosis, 

and paranoia in particular. One experiment exposed participants briefly to a deprived urban environment. 

This real life exposure exacerbated paranoid thinking in individuals with psychosis [8]. Some recent 

experimental studies used virtual reality to investigate paranoia in different social contexts such as 

a library or a metro train [8]. Avatars in these virtual reality settings showing ambiguous behavior 

(looking, smiling, talking) provoked ideas of persecution and reference in individuals from the general 

population with increased interpersonal sensitivity and high anxiety levels [9]. Moreover, individuals 

with paranoid thinking patterns abnormally interpreted neutral social signals [1�]. These studies thus 

suggest an important association between the environmental context and paranoia.

These studies as well as some daily life studies have suggested that paranoia may fluctuate in 

intensity and preoccupation, not only over days or months but even over moments within the day 

[11]. Changes in social context may be a crucial factor in these short-term fluctuations. Valid tests of 

whether contextual factors can trigger moment-to-moment variations in paranoia require momentary 

assessment strategies such as the Experience Sampling Method (ESM) [12, 13]. ESM is a structured diary 

technique that captures mental states and contexts in the flow of daily life. ESM has been successfully 

applied to measure the experience of delusions and hallucinations in the course of everyday life in 

psychotic disorders [11, 14, 15]. A non-clinical population study by Verdoux et al. (2��3) revealed that 

in individuals with high psychosis vulnerability fluctuations in general psychotic experiences depended 

on changes in social contacts. Specifically, higher risk of minor psychotic experiences was found in the 

presence of non-familiar individuals, while lower risk was reported in the presence of family or friends 

[16]. A study examining the context of delusions in a clinical population reported that the presence of 

familiar individuals decreased the probability of occurrence of delusions in individuals with a psychotic 

disorder [11]. These findings suggest that the social environment may influence the intensity of 

delusional ideations in the flow of daily life. However, specific associations underlying paranoid thinking 

have not yet been identified.

Paranoia may exist as a continuous trait or phenotype in nature and is thought to be expressed also at 

levels well below psychotic illness [17], in which case it is usually referred to as psychosis proneness, 

schizotypy or at-risk mental state [18]. Underlying mechanisms associated with paranoid symptoms are. Underlying mechanisms associated with paranoid symptoms areUnderlying mechanisms associated with paranoid symptoms are 
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also likely to operate in individuals who have an at-risk mental state. Alternatively, there might not only 

be quantitative but also qualitative differences in the underlying mechanisms of clinical and subclinical 

paranoia [17, 19, 2�]. For instance, two different types of paranoid beliefs, poor me paranoia (in which 

individuals believe that persecution is undeserved) and bad me paranoia (in which persecution is 

believed to be deserved) [21] have been found to be differentially prevalent in early and later stages 

of psychosis [22, 23], suggestive of a qualitative difference occurring across the paranoia continuity. 

However, very few studies have investigated possible qualitative differences.

In the current study, participants with low, medium and high levels of trait paranoia were investigated 

to disentangle quantitative and/or qualitative differences in the effect of the social environment 

on fluctuations in momentary paranoia. Specifically, we investigated i) whether trait paranoia wasSpecifically, we investigated i) whether trait paranoia was 

associated with differences in time spent in different social contexts (e.g. being alone vs. being with 

others); ii) whether social features of the situation were predictive of momentary paranoia and whether 

this was different between the low, medium and high paranoid participants; iii) whether the effects on 

momentary paranoia were specific for social contextual effects or whether they could be replicated for 

another type of stressor (i.e. event stress). 

Methods

Sample                                                                                                                                                                                            

In order to obtain a sample that ranged across the continuum of paranoia, the following individuals 

who differed in level of current paranoid symptomatology were included: i) patients diagnosed with a 

psychotic disorder who currently presented paranoid psychotic symptoms, defined as having a score of 

> 3 on item P6 (suspiciousness) of the Positive and Negative Syndromes Scale (PANSS)[24]; ii) patients 

diagnosed with a psychotic disorder who currently had other positive psychotic symptoms, defined 

as having a score of < 4 on the PANSS items P6 (suspiciousness) AND having a score of > 3 on at least 

one of the PANSS items P1 (delusions),  P3 (hallucinatory behaviour), P5 (grandiosity) and G9 (unusual 

thought content); iii) patients diagnosed with a psychotic disorder who reported remitted psychotic 

symptoms, defined as having a score of < 4 on all the aforementioned PANSS items; iv) individuals with 

no diagnosis of psychotic disorder who presented a psychometric at risk mental state for paranoid 

psychosis (hereafter ‘high schizotypy participants’), defined as scoring high (>9�th percentile) on the 

paranoid items of a questionnaire measuring psychosis-proneness (Community Assessment of Psychic 

Experiences, CAPE)[25]; and v) ‘healthy’ control participants defined in terms of scoring in the average 

range (between 45th – 55th percentile) on all three symptom dimensions of the CAPE, and not scoring 

high (>9�th percentile) on the paranoid items [for a full description of this sample, see 26].   

The study was approved by the local ethics committee, and all participants gave written informed 

consent. The inclusion criteria for all participants were age 18 to 65 years and sufficient command of the 

Dutch language to understand and fill out the questionnaires. Patients were recruited from inpatient 
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and outpatient mental health facilities in the cities of Heerlen and Maastricht, the Netherlands. They 

were extensively screened in clinical interviews for psychiatric symptoms using the PANSS and the Life 

Chart [27]. Interview data and, when necessary, clinical record data were used to compose ICD-1� 

diagnoses using the OPCRIT computer program [28]. High schizotypy participants and healthy controls 

were recruited from an earlier longitudinal family study in the general population conducted in the city 

of Sittard, the Netherlands (Continuum of Mental Disorders Study, COMED)[for a full description of 

selection procedure, see 29]. 

Instruments

Paranoia Scale (PS)

The Paranoia Scale is a 2�-item questionnaire developed to measure subclinical levels of paranoid 

ideation [3�]. It has been validated in a population of individuals diagnosed with schizophrenia [31]. 

All items are scored on a 5-point scale from not at all applicable to me (1) to extremely applicable to 

me (5). Good internal consistency (alpha� �.84) and stability (r� �.7�) of the PS have been established. 

Mean scores on the PS were conceptualized as measures of trait paranoia, with higher scores reflecting 

higher levels of trait paranoia (scores ranging from 2� to 1��). For the current study, the PS showed 

excellent internal consistency (Cronbach’s alpha � �.92). The PS score distribution was divided by its 

tertiles, creating tertile groups (� trait paranoia groups; LP � low paranoia, MP � medium paranoia, HP 

� high paranoia) (see Table 1 for composition).

The Experience Sampling Method (ESM)

Paranoid ideations and social context variables were assessed with ESM [12, 13]. This is a random time-

sampling, self-assessment technique to assess mental state and context in normal daily life. Participants 

received a digital wristwatch and ESM assessment forms collated in a booklet for each day. Ten times a 

day on 6 consecutive days, the watch emitted a signal at unpredictable moments between 7.3� a.m. and 

1�.3� p.m. After every “beep”, subjects were asked to fill out the ESM self-assessment forms previously 

handed to them, collecting reports of thoughts, current context (activity, persons present and location), 

appraisals of the current situation, mood and psychotic experiences. All self-assessments were rated 

on 7-point Likert scales. Open-ended questions were used to collect information on the social company 

at the time of each signal. Participants were instructed to complete their reports immediately after 

the beep, to minimize memory distortions, and to record the time at which they completed the form. 

Reports are assumed valid when subjects respond to the beep within 15 minutes. This was ascertained 

by comparing the actual beeping time with the reported time of completion of the reports. All reports 

completed more than 15 minutes after the signal were excluded from the analyses. Participants with 

less than 2� valid beeps were excluded from the analyses. Previous studies have demonstrated the 

feasibility, validity, and reliability of ESM in general and patient populations [13].
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ESM measures

Social environment & company. At each beep, participants had to indicate whether they were alone 

or in social company (alone:  � � yes and 1 � no). When not alone, participants were asked to specify 

the kind of social company they were in (social company: � � being with familiar individuals (partner, 

children, siblings, other relatives and friends) and 1 � being with less-familiar individuals (colleagues, 

neighbors, health care professionals, other acquaintances and strangers)). 

Momentary paranoia. In accordance with previous work [26], momentary paranoia was defined as the 

mean score of the ESM items I feel suspicious, I feel safe (reversed score), I feel that others dislike me, 

and I feel that others might hurt me. All items were rated on 7-point Likert scales (ranging from not at 

all to very) (α � .82). 

Perceived social threat. Since we sampled subjects across the range of paranoia, we also included a 

more subtle indicator of paranoia. In case participants were not alone at the time of the beep, they 

evaluated their social company. The mean score of the ESM items I like this company (reversed score),, 

In this company, I feel threatened, In this company, I feel accepted (reversed score), and I would rather 

be alone, rated on 7-point Likert scales (ranging from not at all to very), was conceptualized as a 

continuous variable of perceived social threat (Cronbach’s α  �.71).

Event stress. In accordance with previous work, stress was conceptualized as the subjectively appraised 

stressfulness of distinctive events (event stress)[32]. Participants were asked to report the most important 

event that happened between the current and the previous beep. Subsequently, they evaluated its 

valence on a 7-point bipolar scale (ranging from -3 � very unpleasant, � � neutral, to 3� very pleasant). 

The variable event stress was recoded so that higher values presented higher stress levels. 

Statistical Analyses

Multilevel linear and logistic modeling techniques, which are ideally suited for analyses of clustered data 

[33], were used since ESM data have a hierarchical structure with repeated momentary measurements 

(level 1) per subject (level 2). Analyses were carried out with the XTREG module and the XTGEE module 

in STATA/MP version 1�.� [34]. Outcome variables included in the analyses were standardized by 

dividing the variables by the standard deviation of this variable over the group, yielding standardized 

effect sizes. All multilevel models were corrected for the a priori selected confounders sex and age. 

Main effects and interactions were assessed by Wald test. The size of moderator effects was calculated 

by applying and testing the appropriate linear combinations using the STATA LINCOM command. 

Since we were interested in identifying quantitative versus qualitative differences across the range 

of paranoia, trait paranoia was included as a categorical variable in the analyses (1�low paranoia, 

2�medium paranoia, 3�high paranoia).
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i) Association between trait paranoia and the social environment

Associations between trait paranoia group and the frequency of moments participants spend alone, 

with familiar individuals and with less-familiar individuals were investigated. Two multilevel logistic 

regression models were estimated with trait paranoia group as the independent variable and respectively 

alone and type of social company as the dependent variables.

ii) Association between momentary paranoia and the social environment

In order to examine the association between being alone and momentary paranoia, a multilevel linear 

regression analysis was estimated with momentary paranoia as the dependent variable and ‘alone’ and 

‘trait paranoia’, as well as their interaction as independent variables. The interaction term (alone*trait 

paranoia group) was of major interest as the main hypothesis revolved around the question whether 

trait paranoia group moderated the association between being alone and momentary paranoia. In 

order to estimate effect sizes for each of the trait paranoia groups separately, linear combinations 

were calculated. Similar analyses were conducted with social company as the independent variable and 

momentary paranoia and perceived social threat respectively as the outcome variables.

Paranoia at the previous moment and perceived social threat at the previous moment respectively 

were separately added as covariates, since preceding levels of paranoia or social threat may influence 

the choice of company.

 

iii) Association between momentary paranoia and subjectively appraised stress

All multilevel linear regression models with momentary paranoia as the dependent variable and trait 

paranoia group as the predictor variable were repeated with event stress as predictor variable.

Results

Sample and Descriptive Statistics

Of the 183 participants in the study, 29 (15.8%) were excluded from the analyses. Twenty-two 

participants terminated the study before the end of the 6-day sampling period, due to severity of 

psychotic symptoms (n � 11), not being able to understand the instructions (n � 5), or lack of cooperation 

(n � 6). Although they finished the study, 3 individuals were excluded because of an insufficient number 

(< 2�) of valid ESM observations, 1 individual because of missing data on the PS, 1 individual because 

of missing data on the PANSS, and 2 individuals because of missing data on both the PS and the PANSS. 

Of the 29 individuals who were excluded from the analyses, 24 were patients, 3 were high-schizotypy 
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participants, and 2 were healthy controls. Drop-out was not associated with levels of event stress, 

momentary paranoia, momentary perceived social threat or trait paranoia. The final study sample 

therefore comprised 154 participants. These participants had each completed an average of 44 valid 

ESM reports (SD � 1�). Additional information regarding number of valid reports and sociodemographic 

and clinical characteristics of the sample are depicted in Table 2 and Table 3. 

i) Association between trait paranoia and the social environment 

Trait paranoia group was not significantly associated with the amount of time participants spent alone 

(χ2(2) �3.3�, p��.19) (see Figure 1a for percentages). Moreover, trait paranoia group was not associated 

with the relative amount participants spent with either familiar or less-familiar individuals (relative amount participants spent with either familiar or less-familiar individuals (χ2(2) �2.�2, 

p��.36) (see Figure 1b for percentages). 

ii) Association between momentary paranoia and the social environment

There was no significant main effect of being alone on momentary paranoia (β[SE]�.��9 [.�2]; p�.68).. 

Moreover, multilevel analyses revealed no significant interaction between trait paranoia group and 

being alone in the model of momentary paranoia (χ2(2) �2.28, p��.32). A marginal main effect was 

found for type of social company in the model of momentary paranoia ((β[SE]�.�7 [.�4]; p�.�52), with 

more momentary paranoia in the company of less familiar individuals. In addition, level of trait paranoia 

moderated the effect of social company on momentary paranoia ( (χ2(2) �1�.�2, p<�.�1). In the low andIn the low and 

medium paranoia group, more paranoia was reported when in the company of less-familiar people 

(Table 4). The high paranoia group reported no difference in paranoia when they were in less-familiar 

compared to more familiar company (Table 4). 

For perceived social threat, a main effect was found for the type of social company, suggesting more perceived social threat, a main effect was found for the type of social company, suggesting more a main effect was found for the type of social company, suggesting morea main effect was found for the type of social company, suggesting more the type of social company, suggesting moretype of social company, suggesting more 

perceived social threat in the company of less-familiar individuals ((β[SE]�.36 [.�4]; p<.��1). Again, a Again, a 

significant interaction was apparent between trait paranoia and social company (χ2(2) �31.59, p<�.��1). 

Low and medium paranoid subjects reported higher levels of perceived social threat when with less- and medium paranoid subjects reported higher levels of perceived social threat when with less-

familiar compared to familiar individuals, whereas no difference was found for the high paranoia group 

(Table 4). After controlling for paranoia or perceived social threat at the previous moment, all interactionAfter controlling for paranoia or perceived social threat at the previous moment, all interaction 

effects remained significant. 

iii) Association between momentary paranoia and subjectively appraised stress

Multilevel analyses revealed a significant interaction between paranoia group and event stress in the 

model of momentary paranoia (χ2(2)�12.86, p<�.�1). Higher levels of event stress predicted higher. Higher levels of event stress predicted higherHigher levels of event stress predicted higher 
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levels of momentary paranoia in all groups. However, the effect was largest in the high paranoia groupparanoia group 

(β[SE]�.�6 [.�1]; p<.��1), medium large in the second paranoia tertile (, medium large in the second paranoia tertile (β[SE]�.�4 [.�1]; p<.��1) and and 

smallest in the low paranoia group (β[SE]�.�3 [.��4]; p<.��1).. 

Slightly decreased but still significant effect sizes were found when controlling for paranoia at the 

previous moment.

Sensitivity Analysis

Additional analyses were performed to investigate whether inclusion of the participants, who were 

excluded due to an insufficient number of valid ESM observations, influenced the results. Apart from 

some small effect size alterations, all results remained unchanged.   

Discussion

The present study investigated the effect of real-life social situations on moment-to-moment changes 

in paranoia. It was shown that social situations may be particularly relevant in the variability of low and 

mild levels of paranoia, whereas high levels of paranoia may become autonomous and independent 

of the social environment. However, general levels of subjective distress were important predictors of 

paranoid thinking at all levels of trait paranoia and indeed the most paranoid individuals showed the 

greatest reactivity to subjective stress.

Trait paranoia and social context

There were no differences between the paranoia groups in time spent alone versus time spent in 

company. Moreover, there were no differences between the groups in time spent in familiar company 

versus time spent in less-familiar company. This may seem counterintuitive, since, for example, the 

overall size of the social networks of psychotic patients is often smaller than in control groups [35]. 

Moreover, social avoidance as a result of safety behaviors has been related to trait paranoia [36, 37]. 

Likewise, social withdrawal is a common phenomenon emerging prior to manifestation of psychosis 

[38]. However, our results are in line with the results of another ESM study that reported no effect 

of psychosis-proneness on time spent alone or with familiar individuals [39]. Our results thus suggest 

that individuals with high levels of paranoia are not necessarily alone more often during everyday life, 

even though their social networks may be smaller. Demographic characteristics of the three groups can 

possibly explain these results. Although few participants of the high paranoia group lived together with 

a partner or family, about 57% of them were living on a psychiatric ward or in supported accommodation 

with other patients, probably resulting in more social contact. 
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Momentary paranoia and the social environment

The current study found a different association between the type of social company and momentary 

fluctuations in paranoid ideation dependent on trait paranoia. Type of social company most prominently 

affected momentary paranoia in the medium paranoia group, who experienced increases in momentary 

paranoia and perceived social threat when in the company of less-familiar people. This result concurs 

with earlier findings. In Verdoux’s study (2��3), a non-clinical population with a high level of vulnerability 

for psychosis experienced an increase in psychotic experiences when in non-familiar compared to 

familiar social company [16]. Moreover, an effect of social company on paranoia for high-schizotypy 

groups in particular has been confirmed repeatedly by virtual reality studies [3]. 

Interestingly, these effects were absent at high levels of trait paranoia. This seems in contrast with 

the results of the study by Myin-Germeys et al. (2��1), who found a decreased risk of experiencing 

delusions when patients were in familiar social company [11]. A possible explanation for this difference 

might be the composition of samples. Whereas in the current study participants were divided on basis 

of their level of trait paranoia, the patient sample in the study by Myin-Germeys et al. (2��1) consisted 

mostly of stable, chronic patients, possibly with medium rather than high levels of trait paranoia. 

Interestingly, the qualitative differences we found between paranoia groups seem to be specific for the 

association between paranoia and social company, which is a relatively “objective” contextual measure. 

For event stress, which reflects the subjective appraisal of an event as stressful, we found quantitative 

differences of paranoid reactivity between the groups. The low paranoia group experienced the least 

paranoia in response to event stress, while the high paranoia group experienced the most, suggesting 

a dose-response effect on paranoid thinking. 

These findings suggest that for highly paranoid individuals, subjective experiences of stress have become 

decoupled from social context. 

Underlying Mechanisms

The current findings suggest that superimposed on the continuity of psychosis, which has been 

supported by a meta-analysis of data on the distribution of psychotic symptoms [18], there may be 

qualitative differences between those with severe psychotic experiences and those whose experiences 

are less severe. Our observations are unlikely to reflect a ceiling effect for paranoid thinking because 

even those participants who were high on trait paranoia showed fluctuations in response to subjectively 

appraised stress. 

The results obtained from the low and medium paranoia groups suggest that sensitivity to social context 

is a normal, perhaps adaptive, process; when exposed to unfamiliar people, one may be inclined to be 

wary and suspicious of their intentions but when encountering someone with whom one has a long 
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history of positive interactions, wariness may not be warranted. The failure to take into account this 

social contextual information may be a core feature of severe paranoid delusions. 

It is possible that this finding helps to explain other discontinuities which have been observed across 

the paranoid spectrum. Attributional style (reasoning about causes of events) [4�] has been found to 

differ across the range of paranoia. Some studies have reported that paranoid patients make excessive 

external attributions for negative events [e.g. 41, 42], but this style seems to be absent in less severely 

paranoid non-clinical samples [41, 43, 44]. Furthermore, acutely ill paranoid patients predominantly 

have “poor me” paranoid beliefs in which they believe that they do not deserve to be persecuted [22, 

45], but less severely paranoid non-patients typically report “bad me” beliefs, in which they believe that 

they do deserve to be persecuted [46]. The relationship between these discontinuities is as yet poorly 

understood. One possibility is that, in the absence of the ability to adjust suspiciousness and perception 

of threat according to context, paranoid beliefs will escalate leading to the generalized assumption that 

misfortunes are always caused by the intentional action of others (externalizing attributional style) 

together with the belief that one is being undeservedly persecuted (poor me paranoia). 

Recent evidence suggests that the striatal dopamine system may play a role in threat-anticipation that 

parallels its well-documented role in reward learning [47]. Hence, the finding that at a high level of 

paranoia, social threat anticipation and paranoid thinking are independent of social context may be 

consistent with the hypothesis, supported by some recent evidence [7], that acute psychosis is associated 

with a hypersensitized dopamine system that operates independently of context [48]. Evidence fromoperates independently of context [48]. Evidence from 

recent fMRI research is also in line with the present findings, suggesting that paranoid individuals with 

schizophrenia in contrast to non-paranoid individuals with schizophrenia and a control group exhibit 

impaired modulation of neural activity when processing social stimuli [49]. 

Methodological issues 

Measurements of momentary paranoia, perceived social threat, event stress and the social environment 

were based on subjective reports. Although it is sometimes assumed that subjective reports can be 

considered less reliable than objective measures, they can be valid, whereas the validity of objective 

approaches should not be taken for granted [5�]. Second, the current study used a daily life assessment 

technique in which participants had to comply with a paper-and-pencil diary protocol without the 

researcher being present, making it impossible to determine directly whether patients filled in the 

booklets after the beeps or whether they were backfilling their diaries. Therefore, some authors have 

cast doubt on the reliability and subject compliance in paper-and-pencil ESM studies, favoring the use 

of electronic devices [51]. However, in a comparative study, Green et al. concluded that both methods 

yielded similar results [52]. With a paper and pencil approach, participants are instructed to write 

down the time when they filled out the assessment and only those assessments filled out within a 15 

minutes time frame of the beep are considered valid. If participants want to backfill the diary, they at 
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least have to carry the watch and note all the times, since beeps are presented randomly over the day. 

A recent study of our group using a signal-contingent random time sampling procedure with multiple 

observations per day - such as the protocol used in the current study –found evidence underscoring 

acceptable compliance rates and thus the validity of the paper-and-pencil random time self-report 

data in the current study [53]. The research sample was specifically selected for paranoid symptoms. 

Therefore, conclusions cannot be generalized to delusions in general. 

Conclusions

The data suggest that important differences exist across the range of trait paranoia in the effect of 

social context on paranoid thinking. The development of momentary paranoia appears to be context-

dependent in individuals with medium or at-risk levels of trait paranoia, probably reflecting adaptive 

processes. However, at high levels of trait paranoia, momentary paranoia and momentary perceived 

social threat seem to become autonomous and independent of the social reality. 

Further examination of these effects may have implications for the clinical management of paranoid 

patients. Cognitive behavioural therapy for paranoid symptoms usually involves encouraging patients 

to reflect on the social context of their symptoms and question their interpretations of events [54]. If 

paranoid thoughts are autonomous of social context patients may have difficulty doing this. It seems 

possible that approaches which encourage detached acceptance of unpleasant thoughts, for example 

acceptance and commitment therapy, will be more effective. A small randomized controlled trail 

has reported positive effects of acceptance commitment therapy for patients recovering from acute 

psychosis [55]. 
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Table 1. Composition of the paranoia tertile groups 
Sample N = 154 Tertile group 1 

Low paranoia 
(n= 55) 

Tertile group 2 
Medium paranoia 
(n= 48) 

Tertile group 3 
High paranoia 
(n= 51) 

Healthy controls 84% (n= 31) 16% (n= 6) 0 % (n= 0) 

High schizotypy participants 36% (n= 13) 56% (n= 20) 8% (n= 3) 

Remitted patients 27% (n= 4) 33% (n= 5) 40% (n= 6) 

Low paranoid patients 18% (n= 6) 29% (n= 10) 53% (n= 18) 

High paranoid patients 3% (n= 1) 23% (n= 7) 74% (n= 23) 

Note. Due to rounding, percentages may not add exactly to 100%. 
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Table 2. Subsample characteristics 

 Healthy 
controls 

High 
schizotypy 

participants 

Remitted 
patients 

Current 
non-

paranoid 
patients 

Current 
paranoid 
patients 

 

(n=38) (n=36) (n=15) (n=34) (n=30)  

Age, years: mean (SD) 48 (9.3) 47 (10.5) 33 (12.3) 36 (11.6) 38 (10.6) 
F =12.01*** 

Gender (male:female) 14:24 12:24 14:1 26:8 26:4 2(4)=36.4*** 

Education, No. (%)*      2(8)=37.9*** 

Elementary school   1 (2.7) 2 (5.6) 1 (6.7) 6 (17.7) 3 (10)  

           Secondary school   15 (39.5) 21 (58.3) 14 (93.3) 22 (64.7) 25 (83.3)  

     Higher education 22 (57.9) 13 (36.1) 0 (0) 6 (17.7) 2 (6.7)  

Marital status, No. (%)      2(12)=95.9*** 

Married or living together  33 (86.8) 27 (75) 1 (6.7) 2 (5.9) 3 (10)  

Divorced  4 (10.5) 4 (11.1) 1 (6.7) 5 (14.7) 6 (20)  

Widowed  - - - 1 (2.9) -  

Never married/single  1 (2.6) 5 (13.9) 13 (86.7) 26 (76.5) 21 (70)  

Work situation, No. (%)*      2(12)= 96.1*** 

Working/significant housework/ 
studying  

34 (89.5) 23 (63.9) 2 (14.3) 2 (6.3) 1 (3.3)  

           Protected work 1 (2.6) 7 (19.4) 3 (21.4) 4 (12.5) 5 (16.7)  

Incapable of work 2 (5.3) 5 (13.9) 9 (64.3) 26 (81.3) 24 (80)  

Unemployed  - - - - -  

Retired 1 (2.6) 1 (2.8) - - -  

Living situation, No. (%)*      2(16)=112*** 

Alone 3 (7.9) 4 (11.1) 1 (6.7) 6 (17.7) 6 (20)  

With partner/family/childr 35 (92.1) 28 (77.8) 1 (6.7) 3 (8.8) 3 (10)  

With parents/relatives - 2 (5.6) 3 (20) 2 (5.9) 1 (3.3)  

Ward or supported 
accommodation 

- - 9 (60) 21 (61.8) 20 (66.7)  

Other  - 2 (5.6) 1 (6.7) 2 (5.9) -  
OPCRIT lifetime ICD-10 diagnosis, No.(%)*      2(12)=161.9*** 

Schizophrenia/psychotic disorder - - 15 (100) 28 (82.4) 28 (93.3)  

Schizoaffective disorder - - - 6 (17.7) 2 (6.7)  

Mild/Moderate depression 6 (15.8) 4 (11.1) - - -  

No diagnosis 32 (84.2) 32 (88.9) - - -  

PS scorea 32.8(7.3) 41.6 (9.7) 46.3 (13.7) 52.7 (13.7) 64.1(16.5) F= 2.85*** 

PANSS scoreb 31.7(2.9) 34.1 (4.2) 41.7 (8) 57.4 (9.1) 65.2(17.6) F = 77.3*** 
 No. of valid reports, mean (SD) 

 
48.7 5.8) 49.4 (6.6) 42.2 (8.9) 38.03 (9.6) 36.6 (10) F = 17.9*** 

 Momentary paranoia, mean (SD) 1.3 (0.3) 1.6 (0.6) 1.7 (0.7) 2.1 (0.8) 3.2 (1.5) F = 26.2*** 
 Perceived social threat, mean (SD) 1.5 (0.3) 1.6 (0.5) 1.9 (0.7) 2.4 (0.8) 2.5 (1) F = 15.6*** 
 Event stress, mean (SD) -1.6 (0.6) -1.5 (0.6) -1.7 (0.6) -1.3 (1) -1.3 (1) F = 1.2 
 Age first psychotic episode, mean (SD)c - - 22.1 (6.3) 23.1 (7.3) 22.7 (8.2) F = 0.08 
 *Due to rounding, percentages may not add exactly to 100%; **p<0.01; ***p<0.001  

 a Total score on paranoia scale. b Total score on the PANSS. c Because of missing values, data were only calculated for 27 current  
 paranoid patients, 30 current non-paranoid patients, and 14 remitted patients. 
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Table 4. Effect of social environment on momentary paranoia assessed by paranoia group 

 Low paranoia Medium paranoia High paranoia 

Paranoia 
    

Type of social 
company 

 a (95% CI; p) 

0.07 
(-0.001, 0.13; p=0.05) 

0.11 
(0.03, 0.2; p<0.01) 

-0.07 
(-0.16, 0.02; p=0.10) 

Perceived 
social 
threat 

Type of social 
company 

 b (95% CI; p) 

0.36 
(0.27, 0.45; p<0.001) 

0.49 
(0.39, 0.60; p<0.001) 
 

0.07 
(-0.05, 0.18; p=0.26) 

a  Regression coefficient indicates change in ESM paranoia associated with being in familiar company versus being in non-familiar 
company, analyses adjusted for age and sex. 
b Regression coefficient indicates change in ESM perceived social threat associated with being in familiar company versus being in 
non-familiar company, analyses adjusted for age and sex. 

 

 

 

 

 

 
 

 

Table 3. ESM variables per paranoia tertile 

 Low  
paranoia 

Medium 
paranoia 

High paranoia F (2, 151) 

(n=55) (n=48) (n=51)  

Number of valid reports, Mean (SD)  
 

46.7 (8.95) 44.5 (9.02) 39.2 (9.96) 8.86 *** 

Momentary paranoia, Mean (SD) 1.4 (0.47) 1.8 (0.09) 2.8 (1.2) 34.16 ***  

Perceived social threat, Mean (SD) 
 

Event stress, Mean (SD) 

1.5 (0.48)  
 

-1.6 (0.7) 

1.8 (0.59)  
 

-1.4 (0.7) 

2.6 (0.92)  
 

-1.3 (1.0) 

33.09 *** 
 

2.55 
 Note. Separate means were calculated for each participant and subsequently aggregated to obtain group 
 means. *** p < 0.001 
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Abstract

Background 

Hypothalamic-pituitary-adrenocortical (HPA) axis abnormalities have been found in patients with a 

psychotic disorder and first-degree relatives of patients with a psychotic disorder react with subtle 

increases in non-clinical psychotic experiences and negative emotions in the face of everyday stress. 

The current study investigated whether HPA axis functioning is altered in individuals at above average 

genetic risk for psychotic disorder, examining diurnal cortisol profiles, cortisol reactivity to daily stressors 

and the association between HPA axis activity and subclinical psychotic experiences.

Method 

Participants included siblings of patients with a psychotic disorder (n � 6�) and a healthy comparison 

group (n � 63). The Experience Sampling Method (ESM; a structured diary technique) was employed to 

assess stress, psychotic experiences, negative affect and salivary cortisol repeatedly in the flow of daily 

life. 

Results 

Multilevel analyses revealed higher diurnal cortisol level and heightened cortisol reactivity to negative 

daily events in siblings compared to controls. Diurnal cortisol slope did not differ between the two 

groups, but momentary increases in psychotic experiences and negative affect were associated with 

increased cortisol in the sibling group.  

Conclusions 

Findings support altered HPA axis activity in individuals at above average genetic risk for psychotic 

disorder, as evidenced by higher diurnal cortisol levels and increased cortisol reactivity to daily stress. 

Results also suggest a dynamic association between cortisol secretion and the intensity of psychotic-

like experiences and negative emotions in daily life, although the direction of this association remains 

to be elucidated.

Key words: psychosis/cortisol/HPA axis/momentary assessment/siblings/daily stress/negative affect
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Introduction

Minor stresses in the flow of daily life have repeatedly been associated with increases in psychotic 

symptoms and negative emotions in individuals with a psychotic disorder [1]. However, the biological 

substrate underlying this phenomenon remains unknown, and vulnerability markers need to be 

identified. Results of experimental studies suggest that increased psychotic reactivity to stress 

may reflect increased dopamine reactivity [2, 3]. In addition, several lines of evidence indicate that 

dysregulation of the hypothalamic-pituitary-adrenocortical (HPA) axis may play a role in the relationship 

between stress and psychotic experiences [4, 5]. In individuals with a psychotic disorder, abnormalities 

have been found at various levels of the HPA axis, including functional and structural changes in the 

hypothalamus [6], the pituitary [7], and the hippocampus [8]. Similarly, cortisol levels and reactivity to, the pituitary [7], and the hippocampus [8]. Similarly, cortisol levels and reactivity toSimilarly, cortisol levels and reactivity to 

stress may be disturbed [9-17]. Nevertheless, it remains uncertain whether HPA axis abnormalities are. Nevertheless, it remains uncertain whether HPA axis abnormalities areNevertheless, it remains uncertain whether HPA axis abnormalities are 

causally related to the increased emotional and psychotic stress reactivity observed in patients with a 

psychotic disorder.

One of the major obstacles to research in this area is that patients with a psychotic disorder usually receive 

antipsychotic medication, which can affect cortisol levels and brain structures [7, 18, 19]; thus, studies 

in patient samples cannot yield firm conclusions about HPA axis dysregulation as biological substrate or 

vulnerability marker. Studies in patients with a first episode of psychotic illness are informative in that 

they are not confounded by long-term medication or illness effects; however, they cannot establish 

the degree to which increased HPA axis activity constitutes a precursor of psychosis, as reflected in an 

increased vulnerability to stress, as opposed to being the result of the psychosis and related stress. 

Therefore, studies have been conducted in persons who are prone to psychosis but have not developed 

a psychotic disorder. Schizotypal adolescents, for example, were found to have higher cortisol levels 

than controls [2�], and heightened cortisol secretion in another sample of schizotypal adolescents was 

associated with schizotypal symptomatology at 2-year follow-up [21]. The potential predictive value of 

HPA axis abnormalities is further supported by findings in a sample of young people at ultra high risk 

(UHR) of psychotic disorder; months before onset, those who later developed a psychotic disorder had 

larger pituitary volumes than those who did not develop a disorder [22]. Walker et al. (2�1�) recently 

reported that higher cortisol levels predicted higher risk of conversion to psychotic disorder in an at-risk 

sample studied longitudinally. Together these findings add support to the hypothesis that heightened 

stress reactivity may be one of the risk factors underlying both HPA axis abnormalities and vulnerability 

to psychotic disorder.

Healthy siblings of individuals with a psychotic disorder are another important research population: 

they share not only genetic vulnerability for psychosis with their affected siblings, but also many 

sociodemographic, parental and developmental characteristics. First-degree relatives show increases 

in the intensity of subtle psychotic experiences and negative emotions in reaction to daily hassles [1, 

23]. Moreover, studies have reported structural HPA axis abnormalities, such as increased pituitary [24]. Moreover, studies have reported structural HPA axis abnormalities, such as increased pituitary [24]Moreover, studies have reported structural HPA axis abnormalities, such as increased pituitary [24] 
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and hypothalamic volumes [25], in relatives of patients with schizophrenia. However, sibling studies 

have not yet examined cortisol secretory patterns or the possible association of cortisol with increased 

emotional and psychotic reactivity to stress in daily life. 

The current study therefore assessed cortisol in a sample of siblings of patients with psychotic disorder 

and matched controls. We used the Experience Sampling Method, a structured diary technique, to 

assess daily hassles, psychotic experiences and negative emotions at frequent intervals over the 

course of several days, with concurrent sampling of salivary cortisol. In studies conducted in the 

natural environment, cortisol is generally characterized in terms of overall levels, diurnal patterns, and 

reactivity to acute stressors [26]. Cortisol has a pronounced circadian rhythm, with a sharp increase 

in the first hour after awakening and a gradual decrease over the rest of the day. Acute stressors can 

induce short-term peaks, with a half-life of approximately an hour. The design of the current study 

allowed investigation of several of these aspects of cortisol secretion. The aims were threefold: (i) 

to examine differences in overall cortisol levels and diurnal slope between siblings and controls, (ii) 

to investigate differences between siblings and controls in cortisol reactivity in response to naturally 

occurring stressors, and (iii) to determine the association between momentary psychotic experiences 

or negative emotions and momentary cortisol in siblings compared to controls. In case of significant 

group differences, we performed additional analyses to explore alternative (non-genetic) explanations 

of any difference in cortisol patterns (including effects of depression, childhood trauma, current stress 

and distress levels and degree of psychometric psychosis liability). 

Methods

Participants

The sample consisted of 71 healthy siblings (68 full siblings and 3 half-siblings) of patients diagnosed 

with a non-affective psychotic disorder and 66 control subjects. The siblings were recruited through their 

ill relatives or family support organizations as part of a larger study [27]. Controls were selected through 

random mailings to addresses in the residential areas of patients and siblings. Written informed consent, 

conforming to local ethics committee guidelines, was obtained from all subjects. The Comprehensive 

Assessment of Symptoms and History (CASH) [28] was completed to assess symptom history over the 

past six months and lifetime, yielding DSM-IV diagnoses [29]. Inclusion criteria were: (i) age 16 to 55 

years, and (ii) sufficient command of the Dutch language. Exclusion criteria were: (i) use of steroid 

medication; (ii) current axis 1 disorder; (iii) lifetime history of psychotic disorder; and, for the controls, 

(iv) family history of psychotic disorder as assessed by the FIGS [3�].
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Experience Sampling Method (ESM)

The Experience Sampling Method is a random time-sampling self-assessment technique; studies have 

demonstrated the feasibility, validity, and reliability of ESM in general and patient populations [31, 32]. 

Subjects received a digital wristwatch that emitted a signal ten times a day on six consecutive days, at 

unpredictable moments between 7:3� a.m. and 1�:3� p.m. After each ‘beep’, subjects completed ESM 

self-assessment forms concerning current context, thoughts, emotions, and psychotic experiences. 

Subjects were instructed to complete their reports immediately after the beep, thus minimizing memory 

distortions. Reports were considered valid when subjects responded within 15 min after the beep, as 

determined by comparing the actual beep time with the reported time of completion. For inclusion 

in the analyses, participants had to have provided valid responses to at least one-third of the emitted 

beeps [33]. 

Salivary cortisol sampling

After each ESM beep, subjects collected a saliva sample with a cotton swab (Salivette; Sarstedt, Etten-

Leur, the Netherlands), replaced the swab in the salivette tube, and recorded the exact collection time. 

Samples were stored in subjects’ home freezers until transport to the lab, where uncentrifuged samples 

were kept at -20°C until analysis. Saliva samples collected more than 15 minutes after the beep were 

excluded from the analysis.

ESM measures

Event stress. Stress was conceptualized in terms of subjective appraisals of events and minor disturbances 

that continually occur in the natural flow of daily life. After each beep, participants were asked to report 

the most important event that had happened between the current and the previous report and then 

to rate this event on a 7-point, bipolar Likert scale (-3 � very unpleasant, � � neutral, 3 � very pleasant). 

For the current analyses, all positive responses were recoded as �, and the negative responses were 

recoded so that high scores reflect more unpleasant and potentially stressful events (� � neutral, 3 � 

very unpleasant) [34]. 

Psychotic experiences. Psychotic symptomatology was assessed with 8 ESM items rated on 7-point 

Likert scales (1 � not at all to 7 � very): “My thoughts are now paranoid”, “My thoughts are difficult to 

express”, “I can’t get rid of my thoughts”, “My thoughts are influenced by other people”, “I feel unreal”, 

“I hear voices”, “I see things” and “I am afraid of losing control” [1]. The mean of these 8 ratings formed 

the variable psychotic experiences.
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Negative affect. Negative affect was assessed as the mean score on 5 ESM items, rated on 7-point Likert 

scales (1 � not at all to 7 � very): “I feel insecure”, “I feel lonely”, “I feel anxious”, “I feel down” and “I 

feel guilty”. 

Salivary cortisol 

Salivary cortisol is a reliable and non-invasive measure of the free, unbound cortisol in blood, which is 

considered to be the biologically active hormone. Radioimmunoassays were run in duplicate, using a 

tracer solution of cortisol-3CMO coupled with 2-[125 I] histamine and specific antibodies raised against 

cortisol-3CMO-BSA [35] (Dr. J. Sulon, Department of Reproductive Physiology, School of Veterinary 

Medicine, University of Liège). The lower detection limit of the assay was �.2 nmol/L. The intra- and 

inter-assay coefficients of variation were < 5% and < 12%, respectively. All samples from an individual 

were analyzed in the same assay to reduce sources of variability. Observations with cortisol > 44nmol/L 

(n � 11) were considered physiologically abnormal and were excluded from the statistical analysis (van 

Eck et. al 1996, Peeters et al. 2��4, Jacobs et al. 2��7). 

Questionnaire measures

Trait psychosis liability. Participants completed the 4�-item Community Assessment of Psychic 

Experiences (CAPE) [36], a self-report instrument that captures variation in the positive and negative 

dimensions of nonclinical psychotic experiences as well as variation in depression. The total score on 

the positive dimension (hereafter: CAPE trait score) was used as indicator of psychometric psychosis 

liability.

Childhood trauma. Participants completed a Dutch version of the Childhood Trauma Questionnaire 25-

item short form (CTQ) [37]. The CTQ consisted of 25 questions rated on a 5-point Likert scale enquiring 

about traumatic experiences in childhood. A general measure of childhood trauma was generated by 

calculating the sum of the answers to all 25 questions.

Statistical analyses

Multilevel modelling approach. ANOVAs and Chi-square tests were conducted to investigate group 

differences in demographic characteristics, cross-sectional measures, and mean ratings on ESM 

variables. ESM and cortisol data were analysed using multilevel regression techniques, which take the 

hierarchical structure of the data into account. Thirty-five families provided more than one participant, 

resulting in a further level of clustering. Thus, in the current study, repeated momentary measurements 

(level 1) were clustered within days (level 2) within subjects (level 3), some of whom were members of 

the same family (level 4). Data were analyzed using the XTMIXED multilevel random regression routine 
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in STATA 11.� [38]. The betas are the fixed regression coefficients of the predictors in the multilevel 

model. When significant interactions were found, stratified analyses were conducted to clarify group 

differences, using the STATA LINCOM command to calculate the appropriate linear combinations. 

Cortisol values were log transformed to reduce skewness of distribution, generating the variable lncort. 

The variable time was centered around the grand mean for all samples. To model the cortisol diurnal 

curve, the variables time and time2 were included as predictors in all analyses with lncort as dependent 

variable; addition of higher order polynomial terms did not improve model fit. The following confounders 

were examined in all models: gender, age, recent consumption of food or tobacco use (i.e., in the 

approximately 9� min interval since the previous ESM beep), use of oral contraceptives, and recent 

awakening (samples taken within 6� min of awakening).

 

Cortisol levels and diurnal slope. To test whether mean cortisol level differed between sibling and control 

groups, a multilevel model was estimated with lncort as the dependent variable and the categorical 

variable group (� � controls, 1� siblings) as independent variable. To examine whether familial 

vulnerability for psychosis was reflected in the diurnal cortisol slope, a group by time interaction term 

was added to the model. 

Cortisol reactivity to daily stressors. To investigate whether stress elicited differential cortisol reactions 

in the two groups, a multilevel analysis was conducted with lncort as the dependent variable and group, 

event stress and their interaction as the independent variables. 

Association between cortisol, psychotic experiences and negative affect. To examine whether increases 

in psychotic experiences or negative affect were associated with within-person fluctuations in cortisol, 

we first conducted multilevel analyses with lncort as the dependent variable and group, psychotic 

experiences (and respectively negative affect) and their interaction as the independent variables. Next,  

negative affect and psychotic experiences and their interactions with group were included in the same 

model to determine whether negative affect might mediate the relationship between momentary 

psychotic experience and cortisol, given that negative emotions have been associated with both cortisol 

and psychosis [39-41].
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Results

Compliance and sample characteristics

Fourteen participants (11 siblings and 3 control subjects) were unable to comply adequately with 

the research protocol (13 filled in fewer than 2� valid reports and 1 provided no saliva samples) and 

were therefore excluded from the analyses. The final sample included 123 participants (6� siblings 

and 63 controls), who completed a total of 5217 valid ESM observations. Control group participants 

completed significantly more ESM reports than the siblings (mean (SD) � 45.6 (8.6) and 41.� (9.3) 

reports, respectively; F � 8.31, p � .�1). Sample characteristics are summarized in Table 1. Sibling and 

control groups were well matched on demographic variables, but controls were on average 4.5 yr older. 

With the exception of moderate differences in ESM compliance and age, the two groups did not differ 

significantly from each other on any of the displayed variables. 

Cortisol levels and diurnal slope

Siblings had significantly higher cortisol levels over the ESM sampling moments than controls (Table 

2). This pattern was present throughout the day, with no difference between the two groups in the 

steepness of the diurnal decline in cortisol secretion, as evidenced by the non-significant group by time 

of day effect shown in Table 2. 

Cortisol reactivity to daily stress

Controls and siblings reported similar frequencies and intensities of daily negative events (mean (SD) � 

14.5 (12.3) and 13.1 (1�), respectively; F � �.49, p � �.49). There was no significant interaction between 

group and event stress in the model of negative affect (χ2(1) ��.�3, p��.87), but a main effect of event 

stress (β��.11, 95% CI �.�87, �.122; p<�.��1). Multilevel analysis confirmed the main effect of group on 

cortisol (β��.17, 95% CI �.�16, �.316, p��.�3) but revealed no main effect of event stress (β��.�1, 95% 

CI -�.�13, �.�34; p��.37). However, there was a significant interaction between group and event stress 

(χ2(1) �4.11, p��.�4). Stratified analyses showed an increase in cortisol following unpleasant events in 

the siblings (β��.�4, 95% CI �.��3, �.�75, p��.�3), but no such effect in the controls (β�-�.�1, 95% CI -

�.�4, �.�21; p��.53) (Figure 1). Controlling for negative affect, a putative mediator of the stress-cortisol 

relationship, had no substantial effect on the results (group by event stress interaction: χ2(1) �4.71, 

p��.�3). 
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Association between cortisol, psychotic experiences and negative affect

There was no main effect of psychotic experiences on momentary cortisol. However, group moderated 

the effect of psychotic experiences on cortisol (Table 3, Model 1). In the sibling group, increased levels 

of momentary psychotic experiences were associated with increased cortisol levels (β� �.18, 95% CI 

�.�81, �.287; p < �.��1), whereas in the control group, no association was found between psychotic 

experiences and cortisol (β� -�.�2, 95% CI -�.1�5, �.�75; p��.74). For negative affect, there was no main 

effect in the model predicting cortisol; however an interaction was found with group (Table 3, Model 

2). Stratified analyses indicated no significant association between negative affect and cortisol in the 

control group, whereas in the sibling group cortisol levels increased when participants reported higher 

negative affect. Finally, in a full model that included group, psychotic experiences, negative affect, and 

the interactions between group and the two ESM variables, only the interaction between group and 

psychotic experiences remained significant (Table 3, Model 3). 

Post-hoc exploratory analyses

To better understand the nature of the observed differences in cortisol patterns between sibling and 

control groups, we conducted a final series of multilevel analyses exploring the possible contribution 

of depression (presence or absence of lifetime diagnosis), childhood trauma (CTQ total score), overall 

current stress (mean unpleasantness of daily events during the sampling week) and distress (mean 

negative affect level) and degree of psychometric psychosis liability (CAPE trait score), by either exploring 

the interaction with group or adding the appropriate variable as additional predictor in the models 

of cortisol. Apart from some small effect size alterations, results were similar, with siblings having 

significantly higher cortisol levels over the ESM sampling moments and a significantly increased cortisol 

response following unpleasant events compared to controls. Some minor decrease of significance 

emerged only in the analyses controlling for psychometric psychosis liability (effect of group on cortisol: 

β� �.15, 95% CI -�.��3, �.3�5; p ��.�5); interaction between group and event stress on cortisol: χ2(1) 

�3.49, p��.�6). 

Sensitivity analysis in non-depressed participants

Additional analyses were carried out, investigating whether diagnoses of depression impacted the 

results. All analyses were repeated with exclusion of participants who had a current or past diagnosis 

of depression (controls n�52 and relatives n�48 remained in the analyses). The results remained the 

same.
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Discussion

The current findings indicated that siblings of individuals with psychotic disorder had higher mean 

cortisol levels throughout the day and greater cortisol reactivity to daily stressors than a comparison 

group with no family history of psychosis. In the sibling but not the control group, rated intensities of 

momentary psychotic experiences and negative emotions were associated with transient increases in 

cortisol secretion. These findings suggest that alterations in HPA axis activity previously reported in 

patients with established psychotic disorder, unmedicated first-episode patients, and ultra high risk 

samples may also be present to some degree in healthy first-degree relatives. 

The higher diurnal cortisol observed in the sibling group is consistent with reports of elevated HPA 

activity in patients with schizophrenia [42], first-episode psychosis [9, 17] and individuals at high risk 

for psychotic disorder [2�, 43]. However, other studies suggest a blunted cortisol response to stress in 

chronic and first episode psychosis [44, 45]. Together, these findings may support the notion that altered 

activity of the HPA axis may be a marker of underlying vulnerability for psychotic disorder. The finding of 

greater cortisol reactivity to daily stressors in siblings compared to controls provides new information, 

in light of the fact that previous studies of neuroendocrine responses to stress in psychotic disorder or 

at-risk samples were performed in the laboratory. In the control group, we expected to find relativelyIn the control group, we expected to find relatively 

smaller cortisol stress reactivity to stress compared to the sibling group. In the current study, stressorsIn the current study, stressors 

were daily hassles and minor disturbances in the flow of everyday life. In comparison to experimentally 

induced stress, these were insufficiently stressful to influence cortisol secretion in our control group, 

without underlying vulnerability for psychotic disorder. The cortisol non-response in our control group 

may be a sign of good psychological health, with small daily events not significantly impacting on their 

stress axis. We have, however, no information about the immediate cortisol response after stressful 

events and can therefore not eliminate the possibility of an immediate but transient cortisol response 

with a short recovery time in the control group. Consistent with findings in ESM studies of increased 

emotional and psychotic symptom reactivity to minor daily stressors in relatives of patients with 

psychotic disorder [1, 23], the current study reveals a similar pattern with respect to cortisol responses 

in the sibling group.  Although siblings did not differ from controls in either the reported frequency or 

appraised unpleasantness of negative daily events, these minor stressors were more likely to trigger a 

cortisol increase, supporting the idea that elevated biological stress sensitivity may be a vulnerability 

marker for psychosis. However, in this sample, siblings and controls did not differ in their emotionaltheir emotional 

reactivity to daily life stress, which contrasts earlier studies in relatives of patients with a psychotic 

disorder (Myin-GermeysMyin-Germeys et al. 2��1b). Therefore, another possible explanation may be that the current 

siblings were a relatively healthy subgroup with “normal” levels of emotional stress reactivity. The 

increased cortisol response to daily hassles may then reflect a protective mechanism. 

Another potentially important finding is that momentary increases in psychotic symptomatology were 

accompanied by increases in cortisol. This association between cortisol and momentary psychotic 
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experiences can be interpreted in two causal directions. One plausible interpretation is that the distress 

associated with psychotic experiences and negative emotions could induce secondary increases in 

cortisol levels. Several studies have shown that momentary psychotic experiences are related to increases 

in negative affect [39, 41, 46]; increases in momentary negative affect have, in turn, been linked to 

heightened cortisol secretion in healthy individuals [34, 47]. In the current analyses, the estimated group 

by psychotic experiences interaction effect on cortisol decreased only slightly and remained significant 

after addition of negative affect and the group by negative affect interaction as predictors. In contrast, 

there was no significant association between negative affect and cortisol in this complete model. This 

suggests that sub-clinical psychotic experiences may have made a greater contribution than negative 

affect to increased cortisol levels in the sibling group. A second interpretation of the observed association 

between cortisol and momentary psychotic experiences reflects the possibility that increases in cortisol 

are either directly involved in the pathogenesis of psychotic experiences or reflect secondary, downsteam 

processes. For instance, cortisol secretion increases dopamine activity in certain brain regions [48]. The 

dopaminergic system is thought to play an important role in the pathogenesis of positive psychotic 

symptoms [49]. Thus, heightened cortisol secretion could theoretically, via dopaminergic pathways, 

increase the likelihood of clinical psychotic experiences. The current finding could be interpreted as 

evidence for a similar association with subclinical psychotic experiences in unaffected first-degree 

relatives, but whether this association is causal cannot be established in an ESM study. In general, the 

observed interrelationships among cortisol, psychotic experiences and negative emotions need to be 

further explored in longitudinal or experimental designs. Studies that either induce stress and measure 

subsequent changes in psychotic symptoms and emotions or that induce psychotic experience and 

subsequent changes in cortisol are needed to answer the question of causality more conclusively. 

Dysregulation of the HPA axis is unlikely to be specific for psychosis, as it is found in many disorders, 

in particular major depression. Moreover, cortisol levels have been found to reflect depression and 

anxiety, but not psychotic symptoms, in a sample at ultra high risk for psychosis [4�]. Post-hoc analyses 

therefore examined whether a history of depression might explain the results; however, models that 

controlled for previous depressive episodes yielded similar findings. Alternatively, because siblings share 

not only genes but also the early rearing environment, childhood adversity – which has been associated 

with both psychotic disorder [5�] and HPA axis abnormalities [51, 52]- could also have influenced the 

current results. Although the two groups did not differ in self-reported childhood maltreatment, we 

also conducted post-hoc multilevel analyses to rule out the possibility that group differences in cortisol 

levels or reactivity were due to differential susceptibility to childhood abuse; these models revealed no 

association between abuse measures and cortisol in either of the two groups. Another set of analyses 

examined whether higher cortisol in the siblings might be due to greater overall current stress or 

distress. This was not the case. Finally, we found that overall psychometric psychosis liability did not 

significantly influence differences in cortisol patterns between control and sibling groups. Thus, in line 

with recent findings of cortisol abnormalities in first-episode psychosis that could not be explained by 

stressful events, perceived stress, or childhood trauma [17], the current results suggest that increased 

HPA axis activity may indeed reflect the underlying vulnerability to psychosis. The biological processes 
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involved, however, remain to be elucidated.

This study has several limitations. First, use of ESM booklets instead of electronic devices means that 

the exact timing of participants’ self- reports and saliva samples cannot be firmly established [53]. 

However, results of a study comparing self-reported and electronically monitored saliva collection times, 

with the same intensive, semi-random time-sampling protocol used in the current study, indicated that 

saliva was generally collected very close to the prescribed time and that self-reported collection times 

corresponded well with the electronic time-stamps [54]. Another comparative study concluded that 

paper and electronic diaries yield similar results [55]. Second, no saliva samples were taken at the 

time of awakening, so that the current dataset does not allow examination of the cortisol awakening 

response (CAR), a measure of HPA axis activity that appears to be blunted in first-episode psychosis [17]. 

Third, this study focused solely on the circulating hormone cortisol and can thus provide no insight into 

underlying mechanisms at higher levels of the HPA axis. Fourth, the interval between cortisol samplinginterval between cortisol sampling 

and event occurrence is relevant (van Eck et al. 1996). However, there is no reason to expect systematic 

differences between groups on the time interval between stressor and time of sampling. Therefore, 

we are confident that variability in time lag does not question the validity of our analysis on group 

differences. Moreover, a potentially stressful event could have occurred between 15 minutes and 9� 

minutes before sampling of cortisol. As the half-life of cortisol is about 1 hour, we still expect to find 

traces of potential stressors, even when they occurred some time ago. Finally, caution is warranted inFinally, caution is warranted in 

generalizing results from the current adult sibling sample to other groups at increased genetic risk for 

psychosis. Compared to children of parents with a psychotic disorder and others identified as being at 

ultra high risk for developing a disorder, the siblings included in this study were older, in most cases past 

the age when onset of psychosis is most likely to occur. The nature and extent of HPA axis abnormalities 

in healthy siblings may differ from those described in at-risk and ultra high risk adolescent samples. 

Therefore, it cannot be eliminated that the increased cortisol reactivity in our sibling group reflects 

a protective rather than a risk factor. On the other hand, it might be that even with a suboptimalt might be that even with a suboptimal 

biological reactivity, siblings manage to cope better with stress and/or have other resilience factors 

protecting them from psychotic disorder.

The current study also had some specific strengths. In particular, the repeated sampling of salivary 

cortisol over 6 days takes into account the well-known but often ignored unreliability of cortisol measures 

obtained at infrequent intervals [56]. Multiple cortisol measures per person were complemented by a 

relatively large number of participants. Use of multilevel modeling allowed assessment of within-person 

associations between cortisol and subjective experience in real time and real-life contexts. Although 

cortisol measures in both groups were within the normal range, intensive sampling revealed a consistent 

pattern of heightened HPA activity in the siblings. Taken together, the current findings lend additional 

credence to the hypothesis that irregularities in HPA axis activity are involved in psychosis vulnerability, 

broadening the spectrum of vulnerability to include siblings without demonstrable psychometric risk 

markers.  
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     Table 1. Demographic characteristics and descriptives 

 
Controls Siblings 

Group 
Comparisons 

(n = 63) (n = 60) 
Test 
statistic 

p-value 

Age, years: mean (SD) 33.27 (10.3) 28.82 (10.0) F = 5.93 0.02 
Gender (male:female) 18:45  22:38 2(1)= 0.98 0.34 

Education, n (%)*   2(1)= 2.53 0.11 

           Secondary school  or less 20 (31.8%) 27 (45.8%)   

     Higher education 43 (68.3%) 32 (54.2%)   

Marital status, n (%)*   2(1)= 1.31 0.25 

Married or living together  39 (61.9%) 31 (51.7%)   

Never married/single/divorced 24 (38.2%) 29 (48.4%)   

Work situation, n (%)*   2(1)= 1.34 0.51 

Working/significant housework/ 
studying  

61 (98.8%) 58 (96.7%) 
  

Disabled or unemployed  2 (3.2%) 2 (3.3%)   

Living situation, n (%)*   2(4)= 7.85 0.10 

Alone 7 (11.1%) 3 (5%)   

With partner/family/children 43 (68.3%) 33 (55%)   

With parents/relatives 10 (15.9%) 20 (33.3%)   

Other  3 (4.8%) 4 (6.7%)   

CASH1 DSM-IV Axis I diagnosis lifetime, n (%)*   2(2)= 1.56 0.46 

Depressive disorder, in partial remission 3 (4.8%) 1 (1.7%)   

Depressive disorder, in full remission 8 (12.7%) 11 (18.3%)   

No diagnosis 52 (82.5%) 48 (80%)   

CAPE trait score, mean (SD) 1.0 (0.14) 1.1 (0.21) F = 2.04 0.16 
CTQ abuse, total score (SD) 33.13 (7.71) 33.57 (8.43) F = 0.09 0.76 
Current smoker (n:y) 49:14 43:17 2(1)=0.61 0.44 

Current cannabis user (n:y) 61:2 57:3 2(1)=0.26 0.61 

ESM variables     

Event stress, mean2 (SD) 0.21 0.17 F = 1.38 0.24 

Psychotic experiences, mean2 (SD) 1.1 (0.16) 1.1 (0.17) F = 0.09 0.78 

Negative affect, mean2 (SD) 1.23 (0.28) 1.21 (0.34) F = 0.09 0.76 

Momentary cortisol, mean2 nmol/L (SD) 2.91 (0.15) 3.56 (0.22) F = 5.98 0.02 
       
       *Due to rounding, percentages may not add exactly to 100%  
       1Comprehensive Assessment of Symptoms and History (CASH) [28] 
       2 For the Experience Sampling variables, an individual mean was first calculated over all reports; 
         these values were then aggregated to obtain the group mean and SD. 
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Table 3. Multilevel estimates of the effects of momentary psychotic experiences and negative 

affect on cortisol, as moderated by group (siblings versus controls) 

Note. The dependent variable is lncort. The models control for time, time2, age, gender, oral contraceptive 
use, recent awakening, recent food intake and recent smoking.  = unstandardized regression coefficient; SE = 
Standard error; ***p < .001, **p < .01, *p < .05 

  (SE) 

Model 1 Model 2 Model 3 

Intercept 1.12 (0.19)*** 1.09 (0.18)*** 1.10 (0.19)*** 

Group -0.05 (0.11) 0.05 (0.09) -0.08 (0.11) 

Negative affect  0.02 (0.03) 0.02 (0.03) 

Group x Negative affect  0.10 (0.04)** 0.07 (0.04) 

Psychotic experience -0.02 (0.05)  -0.03 (0.5) 

Group x Psychotic experience 0.20 (0.07)**  0.15 (0.08)* 

   

       Table 2. Multilevel regression estimates for effects of group on cortisol level and diurnal slope  

    95% CI SE Z    p 

Intercept 1.137 0.780, 1.494 0.182 6.25 <0.001 

Group 0.169 0.019, 0.319 0.076 2.21 0.027 

Time of day 
(diurnal slope) 

-0.130 -0.134, -0.125 0.002 -54.43 <0.001 

Group x Time of day -0.003 -0.009,  0.004 0.003 -0.85 0.393 

Age -0.009 -0.017, -0.002 0.004 -2.55 0.011 

Gender -0.181 -0.338, -0.024 0.079 -2.27 0.023 

Oral contraceptives 0.155 -0.015, 0.325 0.087 1.79 0.074 

Recent awakening 0.330 0.269, 0.391 0.031 10.63 <0.001 

Recent food intake 0.161 0.128, 0.193 0.016 9.77 <0.001 

Recent smoking 0.124 0.045, 0.203 0.040 3.08 0.002 

Note. The dependent variable is log-transformed cortisol (lncort). Regression coefficients are unstandardized.        
Group is coded 1 for siblings and 0 for controls. The variable Time of day is centered around the grand mean.           
Time2 was also a significant predictor of lncort (p < 0.001) and is controlled for in all analyses. Recent awakening      
refers to samples taken within 60 min after awakening; recent food intake and smoking refer to reported             
occurrence of these activities in the interval between two ESM reports (roughly 90 min). 
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Figure 1: Cortisol reactivity to stressful events 
Modelled change (based on regression coefficient) in untransformed cortisol values (nmol/L) 
following daily events, according to their appraised unpleasantness (0=neutral, 3=very unpleasant), 
in sibling and control groups.  
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Abstract 

Background

Reduced hippocampal size and increased stress sensitivity are associated with genetic risk for psychotic 

disorder. However, to what degree the hippocampus is implicated in daily life stress reactivity in 

psychotic disorder has never been examined. The current study investigated (i) whether hippocampal 

volume (HV) was associated with emotional and cortisol daily stress reactivity, and (ii) whether genetic 

risk (the contrast between controls, patients and siblings of patients) moderated this relationship.  

Methods

T1-weighted MRI scans were acquired from 2� patients with schizophrenia, 38 healthy siblings at higher 

than average genetic risk for schizophrenia and 33 controls. Freesurfer 5.�.� was used to measure HV. 

The Experience Sampling Method (ESM; a structured momentary assessment diary technique) was 

used to assess emotional stress reactivity (the effect of momentary stress on momentary negative 

affect (NA)). Cortisol stress reactivity was assessed using momentary cortisol levels extracted from 

saliva in the control and sibling groups.

Results

Multilevel linear regression analyses revealed a significant three-way interaction between group, HV, 

and momentary stress in both the model of NA and the model of cortisol. Increased emotional stress 

reactivity was associated with smaller left HV in patients and larger total HV in controls. In line with 

the results in patients, siblings with small HV demonstrated increased emotional and cortisol stress 

reactivity compared to those with large HV.

Conclusions

The findings suggest that HV may index risk and possibly disease-related mechanisms underlying daily 

life emotional and cortisol stress reactivity in psychotic disorder. 
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Introduction

Patients with psychotic disorder generally display reduced hippocampal size [1-4]. Recent studies have 

shown that similar alterations in hippocampal volume (HV) may be present in first-degree relatives 

of patients with schizophrenia [5, 6], suggesting that HV alterations constitute part of the liability to 

psychosis. The hippocampus plays a pivotal role in regulating emotional responses to stressful stimuli 

and in the negative feedback mechanism controlling hypothalamic-pituitary-adrenal (HPA) axis activity 

[7-11]. Because the hippocampus has an inhibitory influence, a smaller HV might be associated with 

increased HPA axis reactivity to stress. Indeed, in clinical samples, studies have reported an inverse 

association between HV and cortisol levels. In two studies, hippocampal atrophy was accompanied by 

hypercortisolemia [12, 13]. Similarly, in patients with a psychotic disorder, smaller left HV was associated 

with higher salivary cortisol levels [14].

In contrast, findings in healthy volunteers show mixed results. One study, examining the association 

between HV and cortisol response to experimental psychological stress as well as awakening [15], 

found a positive association between HV and cortisol reactivity in young healthy volunteers, whereas 

a negative association between HV and the cortisol response to a physiological challenge was found in 

another sample [16]. These findings indicate that the association between HV and stress reactivity may 

be different in healthy and clinical populations. 

Familial vulnerability for psychosis has been associated with amplified emotional and cortisol 

responses to stress in daily life. Patients with a psychotic disorder and their unaffected first-degree 

relatives have been found to display increased negative emotions and an increase in psychotic 

experiences [17, 18]. Similarly, a recent study showed that siblings of patients compared to controls 

respond with increased cortisol secretion to minor everyday stressors (Collip et al., in press). The 

neural mechanisms underlying this augmented stress sensitivity, however, have not yet been identified.                                                                                     

The current study investigates whether HV is associated with emotional and cortisol reactivity to daily 

life stress, as indexed by momentary variation in negative affect and momentary cortisol levels. Given 

the reported discrepancy between clinical and non-clinical samples in the association between HV 

and cortisol [19], we examined whether this association was moderated by genetic risk for psychosis. 

Because some earlier studies suggest that cortisol levels are primarily associated with left HV [14], 

analyses also investigated hemispheric differentiation: differences in the HV stress reactivity. Analyses 

thus examined to what degree (i) HV was associated with emotional and cortisol reactivity to daily 

stress, and (ii) group (control, sibling, patient) moderated the association between (emotional and 

cortisol) reactivity to stress and HV. 



94

Hippocampal volume as marker of daily life stress sensitivity in psychosis

Methods and Materials

Subjects

The sample included patients with a diagnosis of non-affective psychotic disorder, their siblings, and 

controls from the general population, in the context of the Dutch national GROUP project [2�]. In 

selected representative geographical areas in the Netherlands and Belgium, patients were identified 

through clinicians whose caseload was screened for inclusion criteria. Subsequently, a group of patients 

presenting consecutively at these services either as outpatients or inpatients, were recruited for the 

study. First-degree relatives were recruited through participating patients. Control subjects were 

recruited from the same population as the patients, through random mailings in the geographic region 

and advertisements in newspapers. All interviews were conducted by trained psychology graduates. 

From the wider sampling frame, the following subgroups were selected: 2� patients with a diagnosis 

of non-affective psychotic disorder, 37 siblings of patients with a diagnosis of schizophrenia and 32 

controls. Inclusion criteria were: (i) age 16 to 5� years, (ii) diagnosis of non-affective psychotic disorder 

and (iii) good command of the Dutch language. Siblings had to be free of any lifetime non-affective 

psychotic disorder. For the control subjects, the occurrence of any psychotic disorder in either the 

subject or any first-degree family member, assessed using the Family Interview for Genetic Studies 

(FIGS) [21], constituted an exclusion criterion. 

Diagnosis was based on the Diagnostic and Statistical Manual of Mental Disorder-IV (DSM-IV) criteria 

[22], assessed with the Comprehensive Assessment of Symptoms and History (CASH) interview [23]. 

Patients were diagnosed with: schizophrenia (n�11), schizoaffective disorder (n�2), schizophreniform 

disorder (n�1), brief psychotic disorder (n�2), and psychotic disorder not otherwise specified (n�4). The 

CASH was also used to confirm the absence of a diagnosis of non-affective psychosis in the siblings, and 

absence of a lifetime diagnosis of any psychotic disorder or any current affective disorder in the healthy 

controls. Six siblings and seven controls had a history of major depressive disorder, but none presented 

in a current depressive episode.

Prior to MRI acquisition, participants were screened for the following exclusion criteria: (i) brain injury 

with unconsciousness for over 5 minutes, (ii) meningitis or other neurological diseases that might have 

affected brain structure/function, (iii) respiratory or cardiac disease and (iv) severe claustrophobia. In 

addition, subjects with metal corpora aliena were excluded from the study, as well as women with an 

intrauterine device or (suspected) pregnancy. The study was approved by the standing ethics committee, 

and all the subjects gave written informed consent in accordance with the committee’s guidelines.

Measures

The Positive and Negative Syndrome Scale (PANSS) [24] was used to measure psychotic symptoms over 

the last two weeks. 
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Antipsychotic medication was determined from reports of the participant’s psychiatrist. Best estimate 

lifetime (cumulative) antipsychotic medication (AP) use was determined by multiplying the number of 

days of AP use with the corresponding haloperidol equivalents and summing up these scores for all 

periods of AP use [25].

Estrogen exposure was estimated by multiplying the number of months of oral contraceptive use with 

micrograms estrogen (of the corresponding oral contraceptive) per month. 

Substance use was assessed using the Composite International Diagnostic Interview (CIDI) sections 

B-J-L [26]. Cannabis use and other drug use (stimulants, sedatives, opiates, cocaine, PCP, psychedelics, 

inhalants, or other (e.g., XTC, poppers)) was assessed as reported frequency of use (i) during the last 

12 months, and (ii) lifetime. Alcohol and tobacco use was defined as the reported number of weekly 

consumptions during the last 12 months. 

Experience Sampling Method (ESM)

The Experience Sampling Method is a random time-sampling self-assessment technique; studies have 

demonstrated the feasibility, validity, and reliability of ESM in general and patient populations [27, 28]. 

Subjects received a digital wristwatch that emitted a signal ten times a day on six consecutive days, at 

unpredictable moments between 7:3� a.m. and 1�:3� p.m. After each ‘beep’, subjects completed ESM 

self-assessment forms concerning current context, thoughts, emotions, and psychotic experiences. 

Subjects were instructed to complete their reports immediately after the beep, thus minimizing memory 

distortions. Reports were considered valid when subjects responded within 15 min after the beep, as 

determined by comparing the actual beep time with the reported time of completion. For inclusion 

in the analyses, participants had to have provided valid responses to at least one-third of the emitted 

beeps [29]. 

Stress reactivity, as described in previous work, was conceptualized as emotional [18] and cortisol 

reactivity (Collip et al., in press)[3�] to minor disturbances in daily life. Momentary measures of stress, 

negative affect (NA) and cortisol were derived from the experience sampling data as described below.

ESM measures

Event stress. In accordance with previous work, stress was conceptualized as the subjectively appraised 

unpleasantness of distinctive events [18]. After each beep, participants were asked to report the most 

important event that had happened between the current and the previous report and then to rate this 

event on a 7-point scale (-3 � very unpleasant, � � neutral, 3 � very pleasant). For the current analyses, 

all positive responses were recoded as �, and the negative responses were recoded so that high scores 

reflect more unpleasant and potentially stressful events (� � neutral, 3 � very unpleasant) [31].
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Negative affect. In line with previous reports [18] ESM NA was assessed as the mean score on 6 ESM 

items, rated on 7-point Likert scales (1 � not at all to 7 � very): “I feel insecure”, “I feel lonely”, “I feel 

anxious”, “I feel down”, “I feel guilty” and “I feel angry/ irritated” (Cronbach’s α  �.84).

Salivary cortisol sampling

After each ESM beep, participants (siblings, controls) collected a saliva sample with a cotton swab 

(Salivette; Sarstedt, Etten-Leur, the Netherlands), replaced the swab in the salivette tube, and recorded 

the exact collection time. Samples were stored in subjects’ home freezers until transport to the lab, 

where uncentrifuged samples were kept at -2�°C until analysis. Saliva samples collected more than 15 

minutes after the beep were excluded from the analysis.

Salivary cortisol 

Salivary cortisol is a reliable and non-invasive measure of the free, unbound cortisol in plasma, the 

biologically active hormone. Radioimmunoassays were run in duplicate, using a tracer solution of 

cortisol-3CMO coupled with 2-[125 I] histamine and specific antibodies raised against cortisol-3CMO-BSA 

[31] (Dr. J. Sulon, Department of Reproductive Physiology, School of Veterinary Medicine, University 

of Liège). The lower detection limit of the assay was �.2 nmol/L. The intra- and inter-assay coefficients 

of variation were < 5% and < 12%, respectively. All samples from an individual were analyzed in the 

same assay to reduce sources of variability. All samples were within the normal physiological range (< 

44nmol/L). Cortisol was not measured in the patients with a psychotic disorder, as they usually receive 

antipsychotic medication, which can affect cortisol levels.

MRI acquisition and processing

MRI scans were acquired using a 3T Siemens scanner and the following acquisition parameters: Modified 

Driven Equilibrium Fourier Transform (MDEFT) sequence: 176 slices, 1 mm isotropic voxel size, TE 2.4 

ms, TR 7.92 ms, flip angle 15°, total acquisition time: 12 min 51s, and for the Magnetization Prepared 

Rapid Acquisition Gradient Echo (MP-RAGE): Alzheimer’s Disease Neuroimaging Initiation (ADNI) 

sequence: 192 slices, 1mm isotropic voxel size, TE 2.6 ms, TR 225� ms, flip angle 9°, total acquisition 

time: 7 min 23s. For both sequences the matrix size and field of view were 256x256. Two sequences 

were used because of a scanner update during data collection. The MP-RAGE and MDEFT are very 

similar, but to prevent any systematic bias, the total proportion of MP-RAGE scans (around 1/3) was 

balanced between the groups. 

MRI preprocessing

Scans were processed and analyzed using Freesurfer stable release v5.�.�. Technical details of these 

procedures are described in prior publications [32-38]. Data were automatically transformed into 

Talairach standard space.
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Volume measures

The automated procedures for volumetric measures of the different brain structures are described 

by Fischl et al. This procedure automatically assigns a neuroanatomical label to each voxel in an MRI 

volume based on probabilistic information automatically estimated from a manually labelled training 

set [see 34 for detailed description]. The training set included both healthy persons in the age range 18–

87 years and a group of Alzheimer’s disease patients in the age range 6�–87 years, and the classification 

technique employs a registration procedure that is robust to anatomical variability, including the 

ventricular enlargement typically associated with neurological diseases and aging. The technique has 

previously been shown to be comparable in accuracy to manual labelling. The segmentations were 

visually inspected for accuracy.

Statistical analyses 

ESM and cortisol data were analysed using multilevel regression techniques, which take the hierarchical 

structure of the data into account. In the current study, repeated momentary measurements (level 1) 

were nested in subjects (level 2) who were part of the same family (level 3). Data were analyzed using 

the XTMIXED multilevel random regression routine in STATA 11.� [39]. Effect sizes from predictors in 

the multilevel model were expressed as B, representing the unstandardized fixed regression coefficient. 

Interactions were assessed by Wald test. The size of the moderator effects was calculated by applying 

and testing the appropriate linear combinations using the STATA MARGIN command. Raw cortisol 

values were log transformed to reduce skewness of distribution, generating the variable lncort. The 

variable time was centered around the grand mean for all samples. To model the cortisol diurnal curve, 

the variable time was included as a predictor in all analyses with lncort as dependent variable; addition 

of higher order polynomial terms did not improve model fit. Analyses were adjusted for the a priori 

selected confounders age, sex, intracranial volume, and scan type. In the patient group AP medication 

use on HV size was examined. Analyses were re-run including AP [14, 4�], antidepressant medication 

and history of depression. 

Group differences in hippocampal volume and cortisol

To test whether HV or mean cortisol level differed between groups, a regression was estimated with HV 

and lncort respectively as the dependent variable and the categorical variable group (� � controls, 1� 

siblings, 2�patients; for cortisol, controls and siblings only) as independent variable.

Interaction between group, stress reactivity and volume 

In order to test whether HV was associated with emotional stress reactivity, and whether this was 
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moderated by group, regression analyses were conducted with event stress, HV and group (entered 

as linear three-level variable of patients, siblings and controls � reference) as well as their interaction 

terms as independent variables and NA as the dependent variable 

NA� B0 + B1 (group) + B2 (stress) + B3 (volume)+ B4 (group × stress)+ B5 (group × volume)

+ B6(stress × volume)+ B7 (group × stress × volume).

For visualization purposes, HV was entered as dummy variable representing the distribution of volume 

calculated at the 50th percentiles of HV of the controls (1� <5�th percentile: small HV, 2� >5�th percentile: 

large HV). To ensure that definitions for small and large HV were the same for all groups, patients and 

siblings were allocated to hippocampal group on the basis of the criteria for the control group (13 

siblings and 8 patients in large total HV group; 14 siblings and 6 patients in large left HV group; 12 

siblings and 6 patients in large right HV group).

In order to test the hypothesis that controls and siblings differed in their association between HV and 

cortisol stress-reactivity, the same model as described above was applied to cortisol (lncort) as the 

dependent variable. Additional confounders for all cortisol analyses were: time of cortisol sample, 

estrogen exposure and recent consumption of food or tobacco.

Results

Descriptive analyses

Groups were well matched on most demographic variables (Table 1). Patients smoked more cigarettes 

and cannabis than siblings and controls and had more lifetime hard drug use than siblings and controls, 

with no significant differences between the latter two groups. Eighteen patients received AP (atypical: 

n�2; typical: n�16). Furthermore, three patients used an antidepressant and one patient used a 

benzodiazepine. Two controls used an antidepressant, and one control used a benzodiazepine. Patients 

reported higher total, positive, and negative PANSS scores than controls and siblings, with no differences 

between the latter two groups (Table1). The mean illness duration in the patient group was 6.15 years 

(SD�3.45).

Group differences in hippocampal volume, cortisol and stress reactivity

There was a significant association between group and HV. Patients (B�-247.6, 95% CI -415.1, -8�.�1; 

p��.�1) and siblings (B�-148.6, 95% CI -292.66, -4.47; p��.�4) had smaller HV than controls. Patients 

and siblings did not differ (B�99.�, 95% CI -57.63, 255.61; p��.22). 

Siblings had significantly higher cortisol levels than controls (B��.28, 95% CI �.11, �.45; p��.��1). 

However, no significant association between cortisol levels and total HV (B�-186.2, 95% CI -398.16, 

25.76; p��.�85), left HV (B�-157.1, 95% CI -393.72, 79.62; p��.19) or right HV (B�-215.4, 95% CI -
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452.63, 21.94; p��.�75) was found in the combined group of siblings and controls and no significant 

interaction between cortisol and group (siblings and controls) was found for total HV (χ2(1) � �.��; p� 

�.99), left HV (χ2(1) � �.�3; p� �.85) or right HV (χ2(1) � �.�3; p� �.86).

There was no significant group x event stress interaction in the model of NA (χ2(2)�4.54, p��.1�) or in 

the model of cortisol (χ2(1)� �.�3; p��.87).

Emotional stress reactivity contingent on hippocampal volume and genetic risk

A significant group x event stress x total HV interaction was found in the model of NA (χ2(2)� 6.54, 

p��.�4). Differentiation by hemisphere revealed that the interaction with left HV (χ2(2)� 7.9�, p��.�2) 

and right HV (χ2(2)� 6.76, p��.�3) was significant. Thus, the association between total, left and right 

HV and stress reactivity differed between groups (Figure 1). Stratified analyses revealed increased 

emotional stress reactivity in controls with large HV in comparison to controls with small HV, being only 

significant for total HV (total: χ2(1)� 3.93, p��.�48; left (χ2(1)� 3.13, p��.�77; right (χ2(1)� 1.95, p��.16). 

In siblings, large HV was consistently associated with significantly less stress reactivity than small HV 

(total: χ2(1)� 6.89, p��.��9; left: χ2(1)� 6.2�, p��.�13; right: χ2(1)�5.73, p��.�17). Patients with small 

left HV were significantly more stress reactive than patients with large left HV, while no difference in 

stress reactivity was found for total and right HV (total: χ2(1)� 1.2�, p��.27; left: χ2(1)� 18.53, p<�.���1; 

right: χ2(1)� �.�6, p��.81). 

AP use, antidepressant medication and depression  

Lifetime AP use did not predict HV in the patient group (total: B��.42, 95% CI -1.91, 2.75; p��.7�; 

left: B�1.69, 95% CI -�.83, 4.21; p��.17; right: B�-�.85, 95% CI -3.18, 1.48; p��.45). Moreover, the 

results remained the same when AP use, antidepressant use or history of depression were entered as 

additional predictor to the analyses.

Cortisol stress reactivity contingent on hippocampal volume and genetic risk

There was a significant group x event stress x total HV interaction in the model of cortisol (χ2 (1)�5.74, 

p��.�17). Differentiation by hemisphere revealed that the interaction was significant for left HV (χ2 

(1)�4.89, p��.�27) and right HV (χ2 (1)�3.89, p��.�49), suggesting that the association between total, 

left and right HV and cortisol reactivity to stress differed between the control and sibling group (Figure 

2). For the control group, stratified analyses revealed no significant differences in cortisol response to 

daily stress between the hippocampal groups (total: χ2(1)� �.19, p��.66; left (χ2(1)� �.71, p��.4�; right 

(χ2(1)� �.��, p��.95). In the sibling group, however,  large HV compared to small HV was associated with 
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decreased cortisol responses to stress for total and left hippocampal groups (total: χ2(1)� 7.13, p��.��7; 

left (χ2(1)� 7.38, p��.��7; right (χ2(1)� �.89, p��.35). 

Discussion

To our knowledge, this is the first study to examine the association between stress sensitivity, indicators 

of HPA axis activity, and HV in a sample with different levels of genetic risk for psychosis. Results show 

that the immediate effect of daily stress on negative affect and cortisol was not only conditional on HV, 

but also on genetic risk for psychosis. Patients with a small left HV reported increased emotional stress 

reactivity compared to patients with large left HV. In line with the results in patients, siblings with small 

HV demonstrated increased emotional and cortisol reactivity to stress compared to those with large 

HV. In contrast, controls with a large total HV were more emotionally stress reactive than controls with 

small total HV, although this was not the case for cortisol reactivity. 

Hippocampal Volume and overall diurnal cortisol 

In line with a substantial amount of (meta-analytic) evidence [3, 4], HV in the patient group was smaller 

than that of control participants. Similarly, decreased HV in the siblings of patients with a psychotic 

disorder was found, which corresponds with findings from a recent meta-analysis [5, 6], as does the 

finding of absence of differences in HV between patients and their non-psychotic relatives [41]. 

There was no association between overall diurnal cortisol levels and HV, which is in line with a previous 

study that found no association between HV and cortisol in first episode psychosis [42]. Another study, 

however, that differentiated between left and right HV, found that baseline cortisol levels were associated 

with smaller left HV in first-episode psychosis, but not in controls [43]. Although we investigated left 

and right HV separately, no association between HV and cortisol level was apparent in siblings and 

controls, combined or in interaction. Nevertheless, there was a non-significant trend in the direction 

of a negative association between HV and diurnal cortisol levels, which is in line with the result of 

Mondelli and colleagues in first-episode psychosis [2�]. 

Stress reactivity and Hippocampal Volume in patients with psychotic disorder

In patients with a psychotic disorder, smaller left HV was associated with increased emotional stress 

reactivity, while larger left HV was associated with a diminished emotional response to stress. Thus, 

patients with a psychotic disorder were not only more likely to have a small hippocampus, but those 

with a decreased left HV were also more likely to experience augmented stress reactivity. These findings 
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are in line with earlier evidence that the hippocampus and in particular the left hippocampus [2�] might 

have an inhibitory role on the human stress response, extending findings to the realm of daily life. Right 

HV, however, did not explain differences in stress reactivity.

We found differences in stress reactivity within the group of patients with psychotic disorder that 

could be traced to differences in left HV, i.e., patients with smaller left HV were most responsive to the 

environment. This finding underscores the notion that there might be different pathways to psychotic 

disorder, the stress related pathway being one of them [44, 45]. For example, patients with smaller HV 

may have experienced childhood trauma, impacting on cumulative glucocorticoid exposure and HV. 

The HV in turn, as shown in the current study, influences stress-reactivity. 

It is important to note that the direction of the association between HV and stress reactivity is 

unresolved. The question of whether heightened cortisol reactivity may ultimately cause hippocampal 

volume changes or whether alterations in HV, possibly through decreased inhibitory functioning of 

the hippocampus, are responsible for increased stress reactivity, should be answered in longitudinal 

studies.

Stress reactivity and Hippocampal Volume in subjects at increased genetic risk for psychotic 

disorder 

Similar to the findings in patients, siblings with smaller HV exhibited increased emotional and cortisol 

stress reactivity, while larger HV in the siblings was associated with decreased emotional and cortisol 

responses to stress. Buchanan and colleagues (2��9) suggest that the hippocampus may be a crucial 

element of a network involved in producing an integrated response to psychosocial stress (indexed by 

behavior and HPA activity). We found a decreased emotional and cortisol response to stress in siblings 

with larger HV and in patients a large left HV was associated with reduced emotional response to stress, 

as well. It may be that these represent markers for reduced integration of the stress response in those 

at increased risk for psychosis. In other words, a decreased emotional response and decreased cortisol 

concentrations in the siblings with larger HV,  possibly reflecting suboptimal HPA axis functioning, may 

be a sign of a suboptimal response to psychosocial stress, resulting in increased liability for psychosis. 

Another possibility is that the blunted cortisol stress response in siblings with larger HV represents a 

protective factor against illness expression, given increased background vulnerability. 

Stress reactivity and Hippocampal Volume in healthy controls

In controls, we found the reverse pattern, with smaller total HV associated with reduced emotional 

stress reactivity, and larger total HV associated with increased emotional stress reactivity. Cortisol 

reactivity to small daily hassles, however, did not differ as a function of HV in the control group.
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These findings contradict another study in healthy adults that report evidence for an association between 

stress level and smaller anterior HV. However, the stress measure used comprised retrospective summary 

information. In contrast, the current study measures emotional stress reactivity in daily life [46]. Our 

findings at the emotional level do correspond with a study by Pruessner and colleagues (2��7), who 

found that larger HV in healthy young participants was associated with increased cortisol response to 

awakening (CAR) and to an experimental stressor [19]. Pruessner and co-workers (2��7) speculated that 

a larger hippocampus may require increased cortisol concentrations for optimal functioning. However, 

we found no association between HV and cortisol stress reactivity in the control group. Differences in 

cortisol measures between the current study and the study by Pruessner and colleagues may constitute 

one explanation for the discrepant findings. Cortisol responses to laboratory stress and to awakening 

may affect different aspects of HPA axis reactivity than the reactivity to everyday hassles, which are likely 

more subtle stimuli. Nevertheless, the control participants with larger HV reported elevated emotional 

stress reactivity to naturally occurring stressors compared to those with smaller HV, which corresponds 

to the cortisol reactivity findings reported by Pruessner and colleagues (2��7). 

Strength and weaknesses

This study has several limitations. First, use of ESM booklets instead of electronic devices means that 

the exact timing of participants’ self- reports and saliva samples cannot be firmly established [47]. 

However, results of a study comparing self-reported and electronically monitored saliva collection times, 

with the same intensive, semi-random time-sampling protocol used in the current study, indicated that 

saliva was generally collected very close to the prescribed time and that self-reported collection times 

corresponded well with the electronic time-stamps [48]. Another comparative study concluded that 

paper and electronic diaries yield similar results [49]. Second, no saliva samples were taken at the time 

of awakening, so that the current dataset does not allow examination of the CAR, a measure of HPA axis 

activity that appears to be blunted in first-episode psychosis [14] and may be associated with HV [19].

The current study also had some specific strengths. In particular, the repeated sampling of salivary 

cortisol over 6 days takes into account the well-known but often ignored unreliability of cortisol measures 

obtained at infrequent intervals [5�]. Multiple cortisol measures per person were complemented by 

a relatively large number of participants. Use of multilevel modeling allowed assessment of within-

person associations between cortisol and subjective experience in real time and real-life contexts, 

as moderated by HV. Although cortisol measures were within the normal range, intensive sampling 

revealed different patterns of HPA activity with different HVs. Moreover, we combined measures of 

emotional and cortisol stress sensitivity with HV size, allowing a more comprehensive examination of 

HPA axis functioning. 



1�3

Chapter 6

Disclosure/Conflicts of interest Jim van Os is or has been an unrestricted research grant holder with, or has received financial 

compensation as an independent symposium speaker from, Eli Lilly, BMS, Lundbeck, Organon, Janssen-Cilag, GlaxoSmithKline, 

AstraZeneca, Pfizer, and Servier. Machteld Marcelis has received financial compensation as an independent symposium 

speaker from Eli Lilly and Janssen-Cilag. Inez Myin-Germeys was supported by a 2��6 NARSAD Young Investigator award and 

by the Dutch Medical Council (VENI and VIDI grant). She also received financial compensation as an independent symposium 

speaker from Eli Lilly, BMS, and Janssen-Cilag. Petra Habets, Dina Collip, Ed Gronenschild, Tineke Lataster, Mariëlle Lardinois 

and Nancy Nicolson reported no biomedical financial interests or potential conflicts of interest.

Acknowledgments  This work was supported by a 2��6 NARSAD Young Investigator Award and by the Dutch Medical Research 

Council (VENI and VIDI grants) to Dr. Inez Myin-Germeys. This work was sponsored by the Dutch organization for scientific 

research NWO (G.R.O.U.P.) and the European Community’s Seventh Framework Programme under grant agreement No. 

HEALTH-F2-2��9-2419�9 (EU-GEI consortium). The authors wish to thank the research assistants, Truda Driesen, Inge Crolla 

and Frieda Goethem for their work on this project, as well as the G.R.O.U.P. investigators*.

 ** René S. Kahn, Don H. Linszen, Jim van Os, Durk Wiersma; Richard Bruggeman, Wiepke Cahn, Lieuwe de Haan, Lydia 

Krabbendam, Inez Myin-Germeys.



104

Hippocampal volume as marker of daily life stress sensitivity in psychosis

0

0,05

0,1

0,15

0,2

0,25

small large

Em
ot

io
na

l s
tr

es
s 

re
ac

tiv
ity

Total Hippocampal Volume Size

0

0,05

0,1

0,15

0,2

0,25

small large

Em
ot

io
na

l s
tr

es
s 

re
ac

tiv
ity

Left Hippocampal Volume Size

0

0,05

0,1

0,15

0,2

0,25

small large

Em
ot

io
na

l s
tr

es
s 

re
ac

tiv
ity

Right Hippocampal Volume Size

control

sibs

patients

Figure 1. Emotional stress reactivity stratified by hippocampal volume, in control, sibling 
and patient groups: Multilevel estimates of the effects of daily events on negative affect. The models 
control for age, gender, intracranial volume and scan type. Effects are unstandardized regression 
coefficients.
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Figure 2. Cortisol stress reactivity stratified by hippocampal volume, in sibling and control groups: 
Multilevel estimates of the effects of daily events on cortisol. The dependent variable is log-transformed 
cortisol (lncort). The models control for time, age, gender, oral estrogen exposure, recent food intake, 
recent smoking and intracranial volume, and scantype. Effects are unstandardized regression coefficients. 
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Controls Siblings Patients Test statistic +

(n=32) (n=37) (n=20) p-value

Age, years: mean (SD) 31.7 (11.4) 28.3 (7.8) 29.1 (8.0) F= 1.38 P =  0.24

Gender (male:female) 10:22 14:23 11:09 χ2= 2.97 P = 0.23

Completed education # 5.8 (1.8) 5.3 (2.2) 4.7 (1.8) F= 3.69 P = 0.06

PANSS Scores
          Mean positive scale (SD) 7.4 (1.3) 7.5 ( 1.1) 12.4 (5.1) F= 28.89 P = 0.00

Mean negative scale (SD) 8.0 (0.2) 8.2 (1.0) 10.8 (3.3) F= 25.04 P =0.00

          Mean disorganization scale (SD) 10.2 (0.4) 10.2 (0.5) 31.4 (4.1) F= 23.55 P = 0.00

          Mean excitement scale (SD) 8.3 (0.6) 8.4 (1.1) 9.9 (2.1) F= 14.11 P = 0.00

          Mean emotional distress scale (SD) 9.5 (2.5) 9.9 (2.3) 14.2 (5.0) F= 20.57 P = 0.00

Mean alcohol use present state (SD) 6.1 (8.7) 7.6 (9.2) 4.9 (6.6) F= 0.11 P = 0.74

Mean cigarettes use present state (SD) 1.1 (3.9) 1.8 (4.6) 12.1 (11.9) F= 23.50 P = 0.00

Cannabis use, frequency

          Mean cannabis use last 12 months (SD) 1.6 (8.8) 3.4 (12.6) 34.3 (99.8) F= 4.79 P = 0.03

          Mean cannabis use lifetime (SD) 16.8 (34.4) 19.6 (35.7) 54.2 (48.0) F= 0.00 P = 0.00

Hard drug use, frequency

          Mean last 12 months hard drug use (SD) 1.6 (9.2) 0.0 (0.0) 5.0 (18.2) F= 0.89 P = 0.4

          Mean lifetime hard drug use (SD 3.4 (13.0) 5.1 (15.4) 40.5 (73.05) F= 8.66 P = 0.01

Antipsychotics

Type antipsychotic (typical:atypical) 2:16

         Mean haldolequivalent present state(SD) 2.4 (1.9)

         Mean total antipsychotic use in haldolequivalent (SD) 48.2 (47.1)

Mean lifetime estorgen exposure (SD) 17589 (31700) 18474 (29410) 672 (2013) F= 2.84 P = 0.10

Scantype (MDEFT:ADNI) 23:09 26:11 16:04 χ2= 0.7 P= 0.72

Hippocampal volume, mm3  (SD) 3669 (340) 3618 (384) 3491 (319) F= 10.25 P= 0.003

Cortisol, nmol/L (SD) 2.65 (0.89) 3.63(1.3) F= 11.95 P= 0.001

ESM observations, No. 44.19 (10.7) 40.68 (9.16) 42.05 (9.96) F= 0.88 P = 0.35

Abbreviations: PANSS, Positive and Negative Syndrome Scale 

F/Chi2 and P-values refer to between-group differences

# Educational level was defined as highest accomplished level of education. 

Table 1. Subject demographics
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Abstract

Background

The interplay between the catechol-O-methyltransferase (COMT) Val158Met polymorphism and 

environmental stress may have aetiological relevance for psychosis, but differential effects have been 

reported in healthy control and patient groups, suggesting that COMT Val158Met interactions with 

stress may be conditional on background genetic risk for psychotic disorder. 

Methods

Patients with a non-affective psychotic disorder (n�86) and control participants (n�1�9) were studied 

with the Experience Sampling Method (a structured diary technique) in order to assess stress, negativestress, negative 

affect and momentary psychotic symptoms in the flow of daily life. 

Results

Multilevel analyses revealed significant three-way interactions between group status (patient or 

control), COMT genotype and stress in the model of negative affect ((χ2(2)�13.26, p<�.�1) as well as in) as well as in 

the model of momentary psychotic symptoms ((χ2(2)�6.92, p<�.�5). Exploration of the 3-way interaction. Exploration of the 3-way interaction 

revealed that in patients, COMT genotype moderated the association between stress and negative 

affect ((χ2(4)�11.5�, p<�.��5), as well as the association between stress and momentary psychosisas well as the association between stress and momentary psychosis 

(χ2(4)�12.79, p<�.��5). Met/Met genotype patients showed significantly increased psychotic and. Met/Met genotype patients showed significantly increased psychotic andMet/Met genotype patients showed significantly increased psychotic and 

affective reactivity to stress in comparison to the Val/Met and Val/Val genotypes. In contrast, healthy 

controls did not display large or significant COMT Val158Met X stress interactions.

Conclusions

Important differences exist in the effect of COMT Val158Met on stress reactivity, which may dependCOMT Val158Met on stress reactivity, which may dependon stress reactivity, which may depend 

on background risk for psychotic disorder. Differential sensitivity to environmental stress occasioned 

by COMT Val158Met may be contingent on higher order interactions with genetic variation underlyingCOMT Val158Met may be contingent on higher order interactions with genetic variation underlying 

psychotic disorder. 

Key words: genes/environment/schizophrenia/psychological stress/experience sampling method/ 

psychotic disorders
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Introduction

There is evidence that interplay between genes and environment constitutes a sufficient cause for 

the development of psychotic disorder [1]. Studies that have examined molecular genetic variation 

associated with differential sensitivity to environmental pathogens remain rare, however, emphasizing 

the need for further investigation of gene-environment interactions and their neurobiological 

underpinnings [2]. 

Environmental stress exposure likely represents an important factor in the developmental trajectory 

towards psychosis [3]. One area of genetic variation that has been extensively explored as possible 

moderator of environmental influences in psychosis is the Val158Met functional polymorphism of 

the catechol-O-methyltransferase (COMT) gene. While the Val-allele carriers have been found to be 

more sensitive to the psychotogenic effects of cannabis [4, 5], results of some COMT-stress interaction 

studies point towards exaggerated sensitivity to stress in Met-carriers. In animal research, transgenic 

mice overexpressing human COMT-Val polymorphism showed a blunted stress response, while COMT 

knock-out, “Met-like” mice exhibited increased stress response [6]. Likewise, in an experimental 

human study, COMT Met158 homozygotes exhibited a markedly potentiated startle reflex in reaction 

to aversive stimuli compared with Val-carriers, suggesting increased emotional dysregulation in Met-

carriers [7]. This heightened emotional reactivity in Met-carriers might also contribute to a higher risk 

for psychopathology in individuals exposed to stress [8]. The first study evaluating the effect of COMT 

Val158Met on stress-reactivity in daily life in patients with a psychotic disorder, in comparison with 

healthy controls, reported that COMT Val158Met moderated psychotic and emotional reactivity to 

stress in patients, the Met/Met genotype displaying greatest reactivity to stress [9]. Interestingly, this 

effect was not found in the healthy controls, suggesting that the COMT Val158Met interactions with 

stress may be contingent on background of genetic risk for psychotic disorder. Given the fact that the 

findings reported by van Winkel and colleagues (2��8a) were based on a relatively small sample of 

patients and controls who were all daily cannabis users, replication of these findings in a larger sample 

of patients and healthy controls, with adequate control for cannabis use is necessary. 

The experience sampling method is a structured diary technique that captures mental states and small 

stressors in the flow of daily life [1�]. ESM allows for a prospective, repeated measure of proximal 

environmental stress and when combined with genetic information, offers an elegant way to test 

gene-environment interactions [1�, 11]. Thus, in an independent sample from that of van Winkel and 

colleagues (2��8a) ESM was used to investigate how changes in emotional and psychotic experiences 

may vary with naturally occurring stressors and molecular genetic variation in COMT. Specifically, it 

was investigated (i) whether group (patient vs. control) moderated the association between (affective 

and psychotic) reactivity to stress and the COMT Val158Met polymorphism; and (ii) how, in case of 

a significant interaction, the COMT Val158Met polymorphism moderated affective and psychotic 

reactivity to daily stress within the two groups.
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We hypothesized that heightened affective and psychotic stress reactivity would be evident in patients 

with the Met/Met genotype, but not in the control sample. 

Methods

Sample

The sample consisted of control subjects and patients diagnosed with a non-affective psychotic 

disorder. Prior to entering the study, all subjects were screened. Inclusion criteria were: (1) age 18-

65 years; (2) sufficient command of the Dutch language. Exclusion criteria were: (1) brain disease; (2) 

history of head injury with loss of consciousness. Exclusion criteria for control participants were (3) 

lifetime history of psychotic disorder or mood disorder and (4) family history of psychotic disorder. In 

selected representative geographical areas in the South of the Netherlands and the Dutch-speaking 

part of Belgium, patients were identified through representative clinicians working in regional psychotic 

disorder services, whose caseload was screened for inclusion criteria. Subsequently, a group of patients 

presenting consecutively at these services either as out-patients or in-patients were recruited for the 

study. Interview data and clinical record data assessing affective and psychotic symptoms were used inInterview data and clinical record data assessing affective and psychotic symptoms were used in 

patients and controls to complete the Comprehensive Assessment of Symptoms and History [CASH; [12]]Comprehensive Assessment of Symptoms and History [CASH; [12]] 

or the Operational Criteria Checklist for Psychotic Illness (OCCPI) yielding DSM-IV diagnosesOperational Criteria Checklist for Psychotic Illness (OCCPI) yielding DSM-IV diagnoses through 

the OPCRIT computer program [13]. Controls were selected through a system of random mailings to. Controls were selected through a system of random mailings to 

addresses in the catchment areas of the cases. All participants were derived from two earlier studies 

[for more information on sample, see 14, 15]. The original sample comprised a total number of 316 

participants (controls and patients with a non-affective psychotic disorder). Written informed consent, 

conforming to the local ethics committee’s guidelines, was obtained from all participants. 

COMT Val158Met Genotyping

DNA was collected either by buccal mucosa or by blood. Buccal cell samples were collected with 

sterile swabs (Omniswab, Whatman®). DNA was extracted using QIAamp DNA Mini Kits (Qiagen). DNA 

of the blood samples was isolated either manually according to the Promega protocol or with the 

Autogenflex3���.

A single SNP was genotyped using the following TaqMan® SNP Genotyping assay (Applied Biosystems, 

Nieuwerkerk a/d IJssel, The Netherlands): rs468� (assay ID C__257468�9_5�). The assay was run on a 

79��HT Fast Real-Time PCR System (Applied Biosystems).
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ESM

The Experience Sampling Method (ESM) is a structured random time-sampling self-assessment 

technique to assess mental states and contexts in daily living environments. It is a valid and reliable 

way to study immediate effects of the environment, reducing biases in recall [1�]. Participants received 

a pre-programmed digital wristwatch and ESM self-assessment forms collated in a booklet for each day. 

Ten times a day on 6 consecutive days, the watch emitted a signal at unpredictable moments between 

7.3� a.m. and 1�.3� p.m. After each “beep”, subjects were asked to fill out the ESM self-assessment 

forms previously handed to them, collecting reports of thoughts, current context (activity, persons 

present and location), appraisals of the current situation, mood and psychotic experiences. All self-

assessments were rated on 7-point Likert scales. Participants were instructed to complete their reports 

immediately after the beep, in order to minimize memory distortions, and to record the time at which 

they completed the form. During the sampling period, research staff contacted subjects by phone to 

assess whether they were complying with the instructions. Reports are assumed valid when subjects 

respond to the beep within 15 minutes. This was ascertained by comparing the actual beep time with 

the reported time of completion of the reports. All reports completed more than 15 minutes after 

the signal were excluded from the analyses. Participants were only included in the analyses, when 

they provided valid responses to at least one-third of the emitted beeps [16]. Previous studies have 

demonstrated the feasibility, validity, and reliability of ESM in general and patient populations [1�, 17, 

18]..

Measures

Stress reactivity, as described in previous work [9, 19], was conceptualized as affective and psychotic 

reactivity to daily life events and minor disturbances in daily life. Measures of stress, mood and psychotic 

symptoms were derived from the experience sampling reports as described below.

Momentary stress. In accordance with previous work, stress was conceptualized as the subjectively 

appraised stressfulness of distinctive events (event stress) [2�]. In order to measure event stress, the 

subject was asked to report, after each beep, the most important event that had happened between 

the current and the previous report. This event was subsequently rated on a bipolar Likert scale (-

3�very unpleasant, ��neutral, 3�very pleasant). The responses were recoded to allow high scores to 

reflect stress (-3�very pleasant, ��neutral, 3�very unpleasant).

ESM psychosis . Momentary psychosis was defined as the sum score of 6 ESM items I feel suspicious, 

I cannot get rid of my thoughts, I am afraid of loosing control, I feel unreal, and I hear voices, I see 

phenomena. All items were rated on 7-point Likert scales (ranging from not at all to very) (Cronbachs 

α��.72). 
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ESM hallucinations. Momentary hallucinations were defined as the mean score of 2 ESM items I hear 

voices and I see phenomena. Both items were rated on 7-point Likert scales (ranging from not at all to 

very) (Cronbachs α��.77).

ESM delusions. Momentary delusions were defined as the mean score of 4 ESM items I feel suspicious, 

I cannot get rid of my thoughts, I am afraid of loosing control, and I feel unreal. All items were rated on 

7-point Likert scales (ranging from not at all to very) (Cronbachs α��.68).

Negative affect. After each beep, participants were asked to answer questions regarding their mood, 

on 7-point Likert scales (1�not at all, 7�very). In line with previous reports [19] ESM negative affect was 

assessed with 6 mood-related adjectives (down, guilty, insecure, lonely, anxious, angry/ irritated) and 

were reduced to one measure of the mean Negative Affect (NA) (Cronbach’s α��.83).

Cannabis measures

We assessed use of cannabis using the L-section of the M-CIDI [21], which includes a variety of other 

substances. A variable for current cannabis use and cannabis use of the last 12 months was constructed. 

Drug use information was available for 144 participants. 

Statistical Analyses

Multilevel linear regression analysis, which is ideally suited for analyses of clustered data [22], was used 

since ESM data have a hierarchical structure with repeated momentary measurements per subject. 

Analyses were carried out with the XTREGAR module in STATA/MP version 1�.1 [23]. XTREGAR takes 

into account clustering of data at the level of the beep (moment of the day, level 1) within individuals 

(level 2), as well as clustering of observations directly following one another (i.e. autocorrelation).

Outcome variables included in the analyses were standardized by dividing the variables by the group 

standard deviation of this variable, yielding standardized effect sizes.

In order to test the hypothesis that COMT Val158Met genotype moderates psychotic and affective 

responses to daily life stress, and whether any moderation differs between patients and controls, a 

three-way interaction between COMT Val158Met genotype, group and event stress was tested with 

ESM psychosis (delusions, hallucinations) and ESM NA as the respective dependent variables. The 

independent variables were COMT Val158Met genotype (��Val/Val; 1�Val/Met; 2�Met/Met), event 

stress (-3�very pleasant, ��neutral, 3�very unpleasant) and group (��controls; 1�patients). Main effects 

and interactions were assessed by Wald test. Stratified effects were calculated by applying and testing 

the appropriate linear combinations using the STATA LINCOM command. 
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Results

Sample

Of the 316 participants (171 patients and 145 controls) who entered the study, 216 provided DNA (98 

patients and 118 control participants). Genotyping failed in 13 participants. 2 control participants were 

excluded due to failure to complete the protocol (missing information regarding the time of the beep 

and completion of questionnaires). An additional 5 patients and 1 control were excluded from the 

analyses as they had an insufficient number of valid ESM observations (<2�).  

The final sample for analysis thus comprised 195 participants (86 patients and 1�9 control participants). 

These participants had each completed an average of 44 valid ESM reports (SD=9) (control group: 47 

(SD=8) and patients: 4� (SD=9); β[SE]�-3.5 [.61]; p<.��1). The patients were all diagnosed with a non-

affective psychotic disorder (41 with schizophrenia; 1� with schizoaffective disorder; 26 with psychotic 

disorder NOS; 1 with schizophreniform disorder; 3 with delusional disorder; 5 with a brief psychotic 

disorder). Patients with a diagnosis of schizoaffective disorder were retained in the sample since i) all 

included patients, including the schizoaffective patients, were not in an acute psychotic or affective 

episode, and ii) there is no evidence that affective disorders such as (current) major depressive disorder 

or bipolar disorder are associated with greater reactivity to stress compared to schizophrenia patients 

[24]. Additional information regarding number of valid reports and sociodemographic and clinical 

characteristics of the sample are depicted in Table 1.

COMT Val158Met genotype

The frequencies of the three COMT genotypes were 24.6% (n�48) Val/Val, 47.2% (n�92) Val/Met and 

28.2 % (n�55) Met/Met, and were in Hardy-Weinberg equilibrium (χ2 (1)��.59, P��.44). Genotype was 

not associated with age, sex, ESM psychosis, ESM hallucinations, ESM delusions, ESM stress or NA 

(Table 2). Also, COMT genotype did not predict current cannabis use or cannabis use in the past 12 

months. Moreover, there was no main effect of group on COMT genotype (χ2(df�2)�2.75, P��.25).

Models for NA 

A significant main effect was found for event stress on NA (β[SE]�.�9 [.�1]; p<.��1). Thus, independent 

of group or genotype, the more subjective stress participants reported, the more NA they experienced. 

Furthermore, multilevel analyses revealed a significant three-way interaction between COMT 

Val158Met, event stress and group in the model of NA (χ2(df�2)�13.26, p<�.�1), suggesting that the 

association between stress and NA is moderated by COMT genotype, dependent on group status 

(patient or control). 
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Further exploration of the group X COMT Val158Met X ESM stress interaction revealed a strong two-

way interaction between COMT Val158Met genotype and ESM stress in the model of NA in patients 

(χ2(df�2)�11.5�, p<�.��5), but not in controls (χ2(df�2)�3.38, p��.19). Met/Met genotype patients 

reported a larger increase in NA after event stress than did Val/Met or Val/Val genotypes (Figure 1; 

Table 3). 

Models for ESM psychosis 

No main effect was found for event stress on ESM psychosis (β[SE]�.�1 [.�1]; p�.26). However, a 

significant three-way interaction between COMT Val158Met genotype, event stress and group in the 

model of ESM psychosis (χ2(df�2)�6.92, p<�.�5) suggested that the association between event stress 

and psychosis is not only moderated by COMT Val158Met genotype but is also dependent on group 

status. 

Again, a significant two-way interaction between COMT Val158Met genotype and event stress in the 

model of ESM psychosis was apparent in the patient group (χ2(df�2)�12.79, p<�.��5), but not in the 

control group (χ2(df�2)��.99, p��.61). Met/Met genotype patients showed significantly increased 

psychotic reactivity to stress in comparison to the Val/Met and Val/Val genotypes (Table 3). 

Comparable results were found for ESM delusions (χ2(df�2)�13.63, p<�.��5) (see Figure 2 for effect 

sizes of stratified effects). For ESM hallucinations, neither a significant three-way nor a significant two-

way interaction was found.

Sensitivity Analysis in non-cannabis users

Additional analyses were carried out, investigating whether cannabis use impacted the results. All 

analyses were repeated with exclusion of participants who were current cannabis users or used cannabis 

in the last 12 months. Apart from some small effect size alterations, results were comparable. 

The three-way interaction between COMT Val158Met genotype, event stress and group in the model of NA 

(χ2(df�2)�15.43, p<�.��1), ESM psychosis (χ2(df�2)�15.�6, p<�.��1) and ESM delusions (χ2(df�2)�2�.6, 

p<�.��1) remained significant. Similarly, the two-way interaction between COMT Val158Met genotype 

and ESM stress in the model of NA, ESM psychosis and ESM delusions was significant in patients 

(χ2(df�2)�15.5�, p<�.��1; χ2(df�2)�23.67, p<�.��1; χ2(df�2)�31.6, p<�.��1, respectively), but not in 

controls (χ2(df�2)�3.�4, p��.22; χ2(df�2)�1.25, p��.53; χ2(df�2)��.39, p��.83, respectively). Met/Met 

genotype patients reported a larger increase in NA, ESM psychosis and ESM delusions after event stress 

than did Val/Met or Val/Val genotypes. Again, for ESM hallucinations, neither a significant three-way 

nor a significant two-way interaction was found.
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Models of mediated moderation

Since NA and ESM psychosis were significantly associated (β[SE]�.4� [.�1]; p<�.��1), models of 

mediated moderation were also examined. There was no evidence that ESM psychosis was a mediator 

of the interactive effects of ESM stress and COMT genotype in the model of NA (three-way interaction 

χ2(df�2)�8.2, p<�.�5). The COMT X ESM stress interaction was no longer significant in the model of 

ESM psychosis after covarying for NA (three-way interaction χ2(df�2)�2.62, p��.27), however, while the 

interaction did remain significant in the model of ESM delusions (χ2(df�2)�6.31, p<�.�5) although with 

lower effect sizes, suggesting partial mediation by NA in models of psychosis.

Discussion

The present study investigated the moderating effect of COMT Val158Met on the association between 

real-life stress and psychosis as well as on the association between real-life stress and negative affect. 

It was shown that the immediate effect of daily stress on psychosis and negative affect is not only 

conditional on COMT Val158Met genotype, but also on group, supporting the hypothesis that this 

specific instance of gene-environment interaction may be contingent on higher-order interactions with 

other background genetic risk variants associated with psychotic disorder. COMT Val158Met genotype 

contributed to differential sensitivity to environmental stress only in the patient group. More specifically, 

Met/Met genotype patients reported a larger increase in NA and in momentary psychosis (particularly 

delusions) in reaction to stress than patients with the Val/Met or Val/Val genotype. In addition, no main 

effects of COMT Val158Met on momentary psychosis or NA were found. 

COMT Val158Met and psychosis

The absence of COMT main effects are in support of earlier case-control studies and meta-analyses 

examining its association with schizophrenia [25, 26], suggesting that the harmful or beneficial effects 

of COMT Val158Met may be conditional on type, timing and level of environmental exposure, consistent 

with pleiotropic behavioral effects of COMT genetic variation [27]. Thus, the present results are in effects of COMT genetic variation [27]. Thus, the present results are ineffects of COMT genetic variation [27]. Thus, the present results are in 

support of a recent study by van Winkel and colleagues (2��8a), reporting that Met/Met genotypes in 

the patient group were most stress reactive, showing more psychotic symptoms and negative affect in 

reaction to stress, while no such effect was found in the control sample. However, their study sample 

consisted exclusively of cannabis users. The present study confirmed these initial findings in a much 

larger sample, with adequate control for the possible confounding effects of cannabis use. Two earlier 

studies examining psychotic stress response as a function of COMT Val158Met in non-patient healthy 



120

COMT Val158Met - Stress interaction in psychosis: role of background psychosis risk

controls are in agreement with the current finding that psychotic stress response in the control group 

was not contingent on Met/Met genotype [28, 29]. However, these two studies also differed in relation 

to the current results, in that an amplified psychotic stress-response in healthy subjects did show 

association with Val/Val genotype relative to Met carriers. These studies, however, either used a stress 

exposure distal to the examined phenotype (army induction) or used a fairly limited assessment of 

psychotic-like experiences. 

COMT Val158Met, emotional reactivity and background risk for psychotic disorder

The finding that COMT Val158Met plays a role in emotional reactivity to stress corresponds with 

other studies reporting increased sensitivity to stress, anxiety and pain in Met allele carriers [3�-32]. 

Furthermore, a meta-analysis of neuro-imaging studies was in agreement with these findings, showing 

an increased prefrontal activation in Met-carriers in emotional paradigms [27]. Most of these studies, 

however, were conducted in general population samples, while the current results only showed increased 

reactivity for Met/Met genotype patients but not Met/Met genotype controls. A lack of statistical 

power, given lower variability associated with behavioral measurements of psychopathology in healthy 

individuals, or demographic differences between the groups may explain absence of COMT X stress 

interaction in the healthy control group. Another possibility, however, would be that COMT Val158Met 

interactions with stress may be dependent on background genetic risk for psychotic disorder. Several 

studies have indeed reported epistatic interactions between COMT Val158Met and other candidate 

polymorphisms impacting on psychosis risk [33-35].

Association emotional and psychotic reactivity

Models of mediation showed that ESM psychosis was not a mediator of the ESM stress X COMT 

interaction in the model of NA, whereas NA did have a mediating effect in the model of ESM psychosis. 

This suggests that the effect on affective outcomes is primary, which may be consistent with the proposed 

role of stress-reactivity in what has been named the ‘affective pathway to psychosis’ [18]. In the model 

of momentary delusions, however, NA only partially mediated the interaction between COMT and ESM 

stress. Thus, while we found a major interactive effect of COMT and ESM stress on negative effect, 

there also was evidence for a specific role of the COMT X stress interaction on delusional ideation 

independent from the association with negative affect. 
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Strengths and limitations

Some methodological limitations are apparent. Measurements of momentary psychosis (delusions, 

hallucinations), NA, and event stress were based on subjective reports. Although it is sometimes 

assumed that subjective reports are less reliable than objective measures, they can be valid, whereas 

the validity of objective approaches should not be taken for granted [36]. Another issue in this regard is 

whether patients with a psychotic disorder were able to provide reliable and valid self-reports. Though, 

the prospective and real-time nature of ESM makes ESM assessments less prone to recall biases. This 

might be especially important in patients with psychosis as many of them display cognitive deficits 

[17]. Second, the current study used a daily life assessment technique in which participants had to 

comply with a paper-and-pencil diary protocol without the researcher being present. Recently, some 

authors have cast doubt on the reliability and subject compliance in paper-and-pencil ESM studies, 

favoring the use of electronic devices [37]. However, in a comparative study, Green et al. concluded 

that both methods yielded similar results [38]. Third, all analyses were cross-sectional, making it 

impossible to infer causality. Momentary psychosis and NA may be a reaction to daily stress or daily 

stress may result in an increase of momentary psychosis and NA. Nevertheless, the effect of COMT 

genotype on the association between stress and psychosis/NA holds in either case. The use of ESM is 

also a major strength of the current study, as it provides optimal measures of environmental factors for 

gene-environment interaction studies. ESM provides a prospective collection of cumulative, repeated 

measures of proximal environmental risk factors [1�, 11]. Another strength of the current study is that 

we included a general population as well as a patient sample and in this way were able to disentangle 

differential genetic effects between groups. Furthermore, cannabis users as well as no cannabis users 

were included in the study, thereby providing the possibility to test for the effect of cannabis use on the 

COMT-stress interaction. The relatively small sample size could have lead to undetected stratification 

biases. Amongst others, the uneven distribution of males and females between the patient and control 

sample may be an alternative explanation for the differences between patients and controls. In addition, 

undetected stratification for variables such as treatment duration, current treatment or symptom 

profile at intake could have influenced the results. However, since the present study is a replication of 

a previous study in an independent sample, it is unlikely that stratification for any one of these factors 

can account for the reported results. 

Conclusions

Contingent on background liability for psychotic disorder, important differences may exist in the effect 

of COMT Val158Met on stress reactivity. Therefore, differential sensitivity to environmental stressCOMT Val158Met on stress reactivity. Therefore, differential sensitivity to environmental stresson stress reactivity. Therefore, differential sensitivity to environmental stress 

occasioned by COMT Val158Met may be indicative of higher order interactions with genetic variationCOMT Val158Met may be indicative of higher order interactions with genetic variation 

predisposing for psychotic disorder. 
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Table 1. Demographic characteristics and descriptives
Patients (n=86) Controls (n=109)

Age, mean (SD) 32.26 (10.60) 40.17 (13.44) Beta = -3.96, P <0.001

Sex (M/F) 58/28 (67%/33%) 35/74 (32%/68%) 2 (1) = 24.06, P < 0.001

Education, n (%) 2 (2) = 23.08, P < 0.001

   Elementary school 1 (1.22%) 0 (0 %)
   Secondary school 63 (76.83%) 48 (44.04%)

   Higher education 18 (21.95%) 61 (55.96%)

Living situation, n (%) 2 (4) = 58.37, P < 0.001

    Alone 19 (22.62%) 12 (11.01%)

   With partner 19 (22.62%) 80 (73.39%)

With parents or    family 18 (21.43%) 14 (12.84%)

   Protected housing 21 (25.00%) 1 (0.92%)

   Others  7 (8.33%) 2 (1.83%)

ESM psychosis, mean (SD) 1.59 (0.79) 1.18 (0.29) Beta = 0.21, P < 0.001 

ESM delusions, mean (SD) 1.73 (0.92) 1.27 (0.44) Beta = 0.23, P < 0.001
ESM hallucinations, mean (SD) 1.32 (0.84) 1.0 (0.02) Beta = 0.16, P < 0.001

ESM stress, mean (SD) -1.34 (0.87) -1.52 (0.62) Beta = 0.092, P = 0.085

ESM negative affect, mean (SD) 1.92 (0.95) 1.34 (0.36) Beta = 0.29, P <0.001

Cannabis use, current (y/n) 37/35 (51.4%/48.6%) 7/65 (90.3%/9.7%) 2 (1) = 29.5, P < 0.001

Cannabis use, last 12 months (y/n) 31/26 (54.4%/45.6%) 7/13 (35%/65%) 2 (1) = 2.23, P = 0.14

DSM IV diagnosis, No. (%)

    Schizophrenia/psychotic Disorder 41 (47.8%) -

    Schizoaffective disorder 10 (11.6%) -

    Other psychotic disorders 35 (40.7%) -

    No diagnosis - 109 (100%)

Note. Cannabis use, measured by the CIDI was available for 144 participants.
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Table 2. Sociodemographic characteristics and Experience Sampling Method (ESM) measures by genotype
Patients Controls

Val/Val Val/Met Met/Met P Val/Val Val/Met Met/Met P

n 20 46 20 0.25 28 46 35 0.25

Age (SD) 31.1 (8.2) 33.4 (11.5) 30.9 (10.7) 0.97 39.8 (14.3) 41.7 (13.6) 38.4 (12.7) 0.64

Sex (M/F) 13/7 30/16 15/5 0.71 8/20 15/31 12/23 0.89

Number of ESM reports 
(SD)

42.1 (10.1) 39.4 (8.6) 39.3 (9.2) 0.33 47.2 (8.3) 47.8 (7.5) 45.9 (8.7) 0.48

ESM psychosis (SD) 7.8 (3.5) 10.3 (5.5) 9.5 (3.7) 0.26 7.2 (2.1) 6.9 (1.7) 7.1 (1.5) 0.79

ESM delusions (SD) 1.4 (0.7) 1.9 (1.0) 1.8 (0.8) 0.22 1.3 (0.5) 1.2 (0.4) 1.3 (0.4) 0.80

ESM hallucinations (SD) 1.1 (0.3) 1.4 (1.0) 1.3 (0.7) 0.64 1.0 (0.01) 1.0 (0.02) 1.0 (0.01) 0.85

ESM stress (SD) -1.7 (0.8) -1.3 (0.8) -1.0 (1.0) 0.02 -1.4 (0.7) -1.5 (0.6) -1.6 (0.6) 0.24

ESM negative affect (SD) 1.6 (0.8) 2.1 (1.0) 1.9 (0.7) 0.39 1.4 (0.4) 1.3 (0.4) 1.3(0.4) 0.37

Cannabis use, current 
(yes/no)

7/7 18/14 9/10 0.81 0/17 1/28 5/17 0.02

Cannabis use, last 12 
months (yes/no)

6/6 14/11 8/8 0.91 0/4 1/5 5/4 0.09

Note. Cannabis use, measured by the CIDI was available for 144 participants.
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Table 3. Stratified effects of the interaction between COMT genotype and stress on affective and 
psychotic reactivity in psychosis patients and healthy controls 

Val/Val Val/Met Met/Met Val/Val Val/Met Met/Met

 a 0.09 0.08 0.15 0.09 0.08 0.06

(95% CI; p) (0.05,0.13;p
<0.001)

(0.06, 0.10; 
p<0.001)

(0.11, 0.18; 
p<0.001)

(0.06,0.12;p<
0.001)

(0.06, 0.10; 
p<0.001)

(0.04, 0.08; 
p<0.001)

 b 0.04 0.04 0.09 0.01 0.02 0.03

(95% CI; p) (0.01, 0.07; 
p<0.05)

(0.02, 0.05; 
p<0.001)

(0.07, 0.12; 
p<0.001)

(-0.01, 0.03; 
p=0.3)

(0.01, 0.04; 
p<0.05)

(0.01, 0.04; 
p<0.05)

a  Regression coefficient indicates change in negative affect associated with changes in subjectively appraised stress.
b Regression coefficient indicates change in ESM psychosis associated with changes in subjectively appraised stress.

Note: The 2-way interactions in the control group were not significant.

Psychosis

COMT Val158Met genotype

Patients Controls

   

NA
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Figure 1: Effect sizes of event stress on NA: effect sizes of the NA response to event stress 
levels, stratified by COMTVal158Met genotype. *P< �.��1 indicates that the 
difference between COMT Met/Met and COMT Val/Val & Val/Met is significant.

Figure 2: Effect sizes of event stress on momentary delusions in patients: effect sizes of the 
delusional responses of event stress levels ‘pleasant’ to ‘very pleasant’, stratified 
by COMT Val158Met genotype. There was a significant two-way interaction in the 
patient group (2(4)�23.�7, p<�.��1).
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On the pathway from social factors to psychosis

The first aim of the current thesis was to examine the role and mechanisms of social factors in the 

development of clinical and subclinical positive psychotic symptoms (chapter 2, 3 and 4). To elucidate 

some of the processes involved, we chose two approaches: an epidemiological approach, in which 

we studied the longitudinal association between interpersonal functioning and different subclinical 

positive psychotic symptom dimensions, and a momentary assessment approach, in which we zoomed 

in into the microenvironment to study the role of momentary social contexts on clinical and subclinical 

paranoia. 

The significance of social and interpersonal functioning in the development of psychotic disorders 

is widely acknowledged. However, less is known about potential differences in the association of 

interpersonal functioning with different symptom dimensions of subclinical psychotic experiences. InIn 

chapter 3 we addressed the bidirectional, longitudinal association between dimensions of subclinical 

positive psychotic experiences and interpersonal functioning in an adolescent general population sample. 

Results show that a decline in interpersonal functioning may form the starting point of gradually more decline in interpersonal functioning may form the starting point of gradually more 

severe expression of psychotic experiences, in a context- and symptom-specific fashion. Only bizarre Only bizarreOnly bizarre 

experiences and persecutory ideation displayed consistent longitudinal associations with interpersonal 

functioning. Moreover, differences in the association with subclinical symptoms may exist between 

different interpersonal contexts. Peer functioning primarily predicted bizarre experiences and family 

functioning was associated with persecutory ideation demonstrating a vicious cycle in which subclinical 

persecutory ideation and family functioning impact one another. 

The link between interpersonal functioning and persecutory ideation is in line with evidence from the 

paranoia literature. Especially, experimental studies suggest an association between ambiguous social 

environments and paranoia [1]. Virtual reality paradigms that examined paranoia in different ambiguous 

social contexts found increasing levels of paranoia in individuals with paranoid thinking patterns [2]. To 

increase the understanding of the mechanisms between social context and paranoia at different levels 

of the extended paranoia phenotype, we investigated short-term fluctuations in paranoid ideations 

dependent on real-life social situations using a momentary assessment approach (chapter 4). Moment-

to-moment changes in paranoia were context dependent in individuals with low or at-risk levels of trait 

paranoia, but were independent of social company in individuals with high trait paranoia, suggesting 

qualitative differences between individuals with low, medium and high levels of trait paranoia. However, 

general levels of subjective distress were important predictors of paranoid thinking at all levels of trait 

paranoia, and indeed the most paranoid individuals showed the greatest reactivity to subjective stress, 

suggesting a dose-response effect on paranoid thinking. Thus, the qualitative differences we found 

between paranoia groups seem to be specific for the association between paranoia and social company, 

which is a relatively ‘objective’ contextual measure. These findings suggest that, for highly paranoid 

individuals, subjective experiences of stress have become decoupled from social context.
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What might be the mechanisms involved? Sensitivity to social context in the low and medium paranoia 

groups might reflect adaptive or even protective mechanisms: when exposed to unfamiliar people, 

an individual may be inclined to be wary and suspicious of their intentions, but when encountering 

someone with whom they have a long history of positive interactions, wariness may not be warranted. 

The failure to take into account this social contextual information may be a core feature of severe paranoid 

delusions. Additionally, the absence of these protective mechanisms in high trait paranoid individuals 

might put them at increased risk to actually encounter unpleasant social interactions, thereby resulting 

in even more wariness and suspicion. In fact, their interactions with familiar individuals might indeed be 

characterized by uncertainty or insecurity. This can also be interpreted in light of the findings presented 

in chapter 3. Poor interpersonal functioning predicted an increase in persecutory ideation later on. 

Maybe, high paranoid individuals have never experienced a safe family environment and therefore 

have never learned to “differentiate” the safety of being with familiar and non-familiar social company. 

Poor interpersonal functioning, in turn, might be the result of exposure to early adversity [3]. 

In future studies, it will be essential to also measure environmental exposures (e.g. migration, childhood 

trauma), as such environmental risk factors may interact with developmental processes potentially 

resulting in abnormal dopamine sensitization or cognitive biases and thereby creating enduring 

liabilities for psychotic disorder (chapter 2). These, in interaction with interpersonal problems during 

adolescence, might result in the persistence of subclinical normally transitory symptoms, and thereby 

increase the risk to overt psychotic disorder [4]. Furthermore, it should be examined whether the 

direction of the association for interpersonal functioning and psychotic experiences are specific for 

adolescent population samples or translate to other ages and stages of the psychosis continuum.

Many questions with respect to the link between environmental risk factors and development of 

psychosis remain. However, the current thesis suggests that exposure to stressful environments, 

especially those being characterized by social defeat processes, in interaction with (epi)genetic factors 

can alter psychological and physiological processes (chapter 2). These alterations can be traced to a 

final common pathway of cognitive biases and altered dopamine neurotransmission, which can be 

referred to as “sensitization”. Such sensitization processes can facilitate the onset and persistence of 

psychotic symptoms. 

Biological and genetic markers of stress reactivity in psychosis 

A second aim of the current thesis was to examine biological and genetic markers of stress reactivity 

in psychosis. Alterations in HPA axis activity, including changes in hippocampal volume size and cortisol 

secretory patterns, were investigated as underlying marker for psychosis risk and increased daily life 

stress reactivity (chapter 5 and 6). Moreover, we investigated the association between variations in 

COMT genotype and stress sensitivity as a function of genetic risk for psychotic disorder (chapter 7).
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HPA axis

Aberrations in brain volume, including hypothalamus, pituitary and hippocampus [5-7], and HPA axis 

functioning, comprising cortisol levels and reactivity to stress [8-1�], are commonly reported in patients 

with psychotic disorders. Furthermore, studies have reported structural HPA axis alterations in relatives 

of patients with schizophrenia. Yet, cortisol secretory patterns or the possible association of cortisol 

with emotional and psychotic reactivity to stress in daily life have never been examined. In the study 

described in chapter 5, we report that siblings of individuals with psychotic disorder had higher mean 

cortisol levels throughout the day and greater cortisol reactivity to daily stressors than a comparison 

group with no family history of psychosis. In the sibling but not the control group, momentary psychotic 

experiences and negative emotions were associated with transient increases in cortisol secretion. 

These findings support the notion that altered activity of the HPA axis may be a marker of underlyingsupport the notion that altered activity of the HPA axis may be a marker of underlying 

vulnerability for psychotic disorder. Subsequently, we extended these findings by examining the role of 

hippocampal volume on HPA axis and emotional reactivity to stress in a sample with different levels of in a sample with different levels of 

genetic risk for psychosis (chapter 6). Results show that the immediate effect of daily stress on negative Results show that the immediate effect of daily stress on negativeResults show that the immediate effect of daily stress on negative 

affect and cortisol was conditional on hippocampal volume, but also on genetic risk for psychosis. 

Patients with a psychotic disorder were not only more likely to have a small hippocampus, but those 

with smaller left hippocampal volume were also more likely to experience augmented emotional stress 

reactivity compared to patients with large left hippocampal volume. In line with the results in patients, 

siblings with small hippocampal volume demonstrated increased emotional and cortisol reactivity 

to stress compared to those with large hippocampal volume. In contrast, controls with a large total 

hippocampal volume were more emotionally stress reactive than controls with small total hippocampal 

volume. The findings in individuals with a genetic risk for psychosis support the evidence that the 

hippocampus and in particular the left hippocampus [2�] has an inhibitory role on the human stress 

response, extending previous findings to the realm of daily life. The discrepant association between size 

of the hippocampus and degree of stress reactivity in control and risk groups poses many new questions 

(see “Mechanisms along the psychosis continuum”). Nevertheless, they are in line with the results of 

chapter 7, in which we found that catechol-O-methyltransferase (COMT) Val158Met interactions with 

stress were contingent on background genetic risk for psychotic disorder. 

Gene-environment interactions

An earlier ESM study has suggested that psychotic experiences in response to minor stressors may be 

functional states of an abnormal dopamine reactivity [11]. Genetic variation in the Val158Met functional 

polymorphism of the COMT gene was therefore an obvious candidate to study genetic moderation of 

environmental stress in psychosis. A major aim of this study was to elucidate inconclusive findings 

regarding the COMT-stress interactions in psychosis [12-14]. Our results demonstrated differences 

between patients and healthy controls in the effect of COMT genotype on stress reactivity. Patientseffect of COMT genotype on stress reactivity. Patients 

with the Met/Met genotype showed significantly increased psychotic and emotional reactivity to stress 
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in comparison to patients with the Val/Met and Val/Val genotypes. In contrast, healthy controls did not 

display large or significant COMT Val158Met-stress interactions. Thus, differences might exist in theThus, differences might exist in the 

effect of COMT Val158Met on stress reactivity, which may depend on background risk for psychoticCOMT Val158Met on stress reactivity, which may depend on background risk for psychoticon stress reactivity, which may depend on background risk for psychotic 

disorder. 

Differential effects of COMT activity have been associated with the Val and Met allele. Animal researchAnimal research 

suggests that affective functioning is deteriorated in mice with a COMT disruption. On the other hand, 

these mice seem to have advantages regarding working memory performance [15]. This trade-off 

between executive cognition and emotion regulation between different COMTVal158Met genotypes 

has also been replicated in human studies. A meta-analysis showed that Met/Met carriers performed 

better on executive functioning tasks, but worse on emotion regulation than Val/Val carriers [16-18]. 

Moreover, Met-allele carriers showed an increased prefrontal activation after stress exposure [16]. 

However, also the sensitivity to positive aspects in the environment, like the ability to experience reward 

in daily life, increases with the number of ‘Met’ alleles of an individual [19]. As suggested by Belsky and 

colleagues, it thus seems that we should not think of COMT in terms of a ‘ vulnerability gene’, but more 

in terms of a ‘plasticity gene’ [2�]. Under conditions of adverse environment, like trauma or life events, 

repeated exposure of stress may result in sensitization of prefrontal activation in Met allele carriers, 

while when not exposed to adversity, Met allele carriers might even be better off than Val allele carriers 

with regard to stress reactivity. This pattern is reflected in the results of chapter 7. Met/Met patients, 

compared to Met/Met controls, have probably experienced relatively more trauma and stressful life 

events [21] and were more stress-reactive than Val/Val patients. On the other hand, in the control 

group, which as a whole was probably less exposed to traumatic events, the opposite pattern emerged. 

Val/Val control participants were relatively more stress reactive than Met/Met control participants, 

supporting the notion of COMT as a ‘plasticity gene’. 

Interestingly, effect sizes for the Val/Val and Val/Met carriers were about the same in patients and 

controls and most prominent were the larger effect sizes in Met/Met patients. Since some genotypes are 

more sensitive to epigenetic (environmental impact on gene expression) changes [22], it is attractive to 

speculate that Met/Met carriers of COMT might be more sensitive to epigenetic mechanisms. While we 

found Met/Met carriers to be more psychotically reactive to stress, other studies reported the opposite 

with amplified psychotic stress-reaction in Val/Val relative to Met carriers [13, 14]. Interestingly, these 

other studies were conducted in general population samples assessing subclinical psychotic experiences. 

The direction of the effect in our control group, although not statistically significant, was comparable to 

these results with numerically larger increases in symptoms after stress exposure in the Val/Val carriers 

compared to the Met/Met carriers. A further observation is that the reported effect sizes for the Val/Val 

and Val/Met carriers were similar in patients and controls whereas a large difference in effect size was 

found in Met/Met patients compared to Met/Met controls.

COMT expression is highly dependent on its methylation status [23] and interactions with MTHFR C677T, 

which is known to affect availability of methyl groups for DNA methylation, have been reported [24]. 
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Therefore, it could be hypothesized that the large difference in effect size between Met/Met patients 

and Met/Met controls is underpinned by differences in COMT methylation. Previous research indeed 

suggested that COMT hypomethylation may be a risk factor for psychosis [23]. Furthermore, differential 

DNA methylation based on genotype has been previously reported. For example, individuals with the 

Val/Val of the Brain Derived Neurotrophic Factor (BDNF) Val66Met polymorphism displayed more exonic 

DNA methylation than did BDNF Met-carriers [25]. Thus, genotype-specific environmentally-induced 

differences in DNA methylation may potentially blur the distinction between ‘gene-environment 

interaction’ and ‘epigenetics’ and complicate statistical models of GxE that assume a non-changing, 

predictable effect of alleles on protein expression and function [22].

Thus background genetic factors that interact with COMT Val158Met may shape the interaction between 

COMT Val158Met and environmental stress and may explain differences between patient groups 

and healthy controls. Thus, when testing gene-environment interactions with one single measure of 

molecular genetic variation, the net background genetic risk for psychosis should be considered as well 

[26].  

To conclude, patients with a Met/Met genotype of COMTVal158Met seem to be more prone to 

stress, probably paralleled by increased dopamine release in response to stress, which in turn result 

in increased cortisol secretion. Chronic cortisol secretion can damage the hippocampus, which may 

result in a sensitized HPA axis activity (i.e. more cortisol secretion), as a result of a deterioration of the 

inhibitory feedback mechanism of the hippocampus. Increased cortisol secretion in turn may facilitate 

striatal dopamine release thereby increasing the risk for the development of psychotic experiences.

Mechanisms along the psychosis continuum 

Some of the findings of the current thesis suggest that, superimposed on the continuity of psychosis 

[27], there may be qualitative differences between those with severe psychotic experiences and those 

with less severe psychotic experiences. Results of chapter 4 (differential effects of social company on 

low and medium versus high levels of paranoia), chapter 6 (differential effect of hippocampal volume 

in patients and siblings versus controls), and chapter 7 (differential effect of COMT Met/Met genotype 

in patients versus controls) challenge earlier studies that suggest an etiological continuity of psychotic 

symptoms between subclinical and more advanced levels of symptom expression [28]. According to 

the latter, the differences in the reaction to the environment between groups would mainly be of 

quantitative character. However, considering the results of the present thesis, it seems that there are 

some qualitative differences in the mechanisms involved in patients with a psychotic disorder compared 

to those without genetic risk for psychotic disorder.

Some of the discrepancies in the association between stress reactivity and biological markers between 
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patients with a psychotic disorder and control groups might be explained by sensitization processes 

(chapter 2). As discussed earlier (see “Gene-environment interactions”) environmental factors that may 

be more prevalent in individuals with psychotic disorder, for instance childhood trauma [21], may change 

the sensitivity of the (stress) system, possibly through epigenetic changes. A good example comes 

from the PTSD literature. A polymorphism in FKBP5, which is a modulator of glucocorticoid sensitivity, 

influences the association between childhood trauma and later development of posttraumatic stress. 

The effects of FKBP5 are reversed in those who have experienced trauma [29]. Similarly, differences in 

FKBP5 may influence the effect of childhood trauma on stress/HPA axis sensitivity. One might speculate, 

that patients with smaller hippocampal volume may have experienced childhood trauma, impacting on 

cumulative glucocorticoid exposure and hippocampal volume. Hippocampal volume in turn, as shown 

in the current study, influences stress-reactivity. 

Biological alterations in those at increased genetic risk – sign of shared environment, psychosis 

liability or resilience?

Generalization of the results of chapter 5 and 6, which included an adult sibling sample, to other groups 

at increased (genetic) risk for psychosis should be done cautiously. Compared to children of parents 

with a psychotic disorder and others identified as being at ultra high risk for developing a disorder, the 

siblings included in our studies were older, in most cases past the age when onset of psychosis is most 

likely to occur. The nature and extent of HPA axis abnormalities in healthy siblings may differ from those 

described in at-risk and ultra high risk adolescent samples. Therefore, it cannot be eliminated that the 

increased cortisol reactivity in our sibling group reflects a protective rather than a risk factor. On the 

other hand, even with a suboptimal biological reactivity, siblings may manage to cope better with stresseven with a suboptimal biological reactivity, siblings may manage to cope better with stress 

and/or have other resilience factors protecting them from psychotic disorder.

Another issue that should be considered is that siblings share not only their genes with their ill brothers 

and sisters but also the early rearing environment. Thus, childhood adversity – which has been associated 

with psychotic disorder [3�] and HPA axis abnormalities [31, 32]- could have influenced the results in 

chapter 5 and 6. However, we found no differences in traumatic experiences between siblings and 

control participants, suggesting that other factors may explain differences in cortisol secretion between 

groups. 

Although we found evidence for an association between the amount of cortisol secretion and subclinical 

psychotic experiences in unaffected first-degree relatives, we could not establish whether this association 

is causal. Thus, the observed interrelationships among cortisol, psychotic experiences and negative 

emotions need to be further explored in longitudinal or experimental designs. Longitudinal designs 

can answer the question whether cortisol alterations in first degree relatives is rather a reflection of 

resilience or rather of their genetic vulnerability to psychotic disorder. Most importantly, longitudinal 



138

Epilogue

studies should examine in how far cortisol reactivity to stress relates to the development of psychotic 

symptoms in individuals at risk; thus whether increased cortisol reactivity predicts symptom formation 

rather than symptoms resulting in stress-related increases of cortisol. Moreover, studies that either 

induce stress and measure subsequent changes in psychotic symptoms and emotions or that induce 

psychotic experiences and subsequent changes in cortisol are needed to answer the question of 

causality more conclusively.

Furthermore, we found a decreased emotional response to stress in both siblings and patients with 

larger hippocampal volume. Additionally, in siblings, larger hippocampal volume was associated with a 

reduced cortisol response to stress. These may represent markers for reduced integration of the stress 

response in individuals at increased risk for psychosis. In other words, a decreased emotional response 

and decreased cortisol concentrations in the siblings with larger hippocampal volume, possibly reflecting 

suboptimal HPA axis functioning, may be a sign of a suboptimal response to psychosocial stress, resulting 

in increased liability for psychosis. Another possibility is that the blunted cortisol stress response in 

siblings with larger hippocampal volume represents a protective factor against illness expression, given 

increased background vulnerability. However, the fact that we found similar patterns between stress 

reactivity and hippocampal volume in the patients and the siblings argues for an interpretation as a sign 

of psychosis vulnerability. 

Nevertheless, the direction of the association between hippocampal volume and stress reactivity remains 

unresolved. The question of whether heightened cortisol reactivity may ultimately cause hippocampal 

volume changes or whether alterations in hippocampal volume,  possibly through decreased inhibitory 

functioning of the hippocampus, are responsible for increased stress reactivity, should be answered in 

longitudinal studies, preferably starting at an age before adolescence. Moreover, longitudinal studies 

should disentangle factors of shared environment, psychosis liability and resilience in more detail.

Clinical Implications

More insight in the mechanisms that determine increasing levels of subclinical psychotic experiences or 

their persistence may offer valuable insights regarding early intervention. Several studies, including the 

one presented in chapter 3, suggest that deteriorations in social functioning increases the likelihood 

of future subclinical symptoms, that again increase the risk for psychotic disorder. As suggested in 

this thesis, certain types of subclinical psychotic symptoms are more relevant than others in the early 

association with interpersonal functioning. Therefore, preventive strategies that predominantly target 

the experience of subclinical bizarre experiences and persecutory ideations and evaluate them in 

association with peer and family functioning may be useful. 

Moreover, the autonomy of paranoid ideas with respect to different social contexts, which we found 
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in high-paranoid individuals, may have implications for the clinical management of paranoid patients. 

Cognitive behavioral therapy for paranoid symptoms usually involves encouraging patients to reflect 

on the social context of their symptoms and question their interpretations of events [33]. If paranoid 

thoughts are autonomous of social context, patients may have difficulty doing this. It seems possible 

that approaches that encourage detached acceptance of unpleasant thoughts, for example acceptance 

and commitment therapy, will be more effective. A small randomized controlled trail has reported 

positive effects of acceptance commitment therapy for patients recovering from acute psychosis [34]. 

Earlier studies have suggested that impairments in cognition are independent or even mutually exclusive 

from increased stress reactivity in patients with a psychotic disorder, suggesting that increased stress 

sensitivity might be expressed by an independent subgroup of patients with psychotic disorder [35, 36]. 

However, so far no diagnostic tools exist to determine which patients “went the affective pathway to 

psychosis”, i.e. for which patients the psychotic experiences can probably be traced back to detrimental 

stress reactions. Certainly, clinical interviews that map the lives and experiences of patients are 

indispensable, but additional markers of the stress sensitive subtype of psychotic disorder might help to 

improve identification of appropriate clinical management, tailor treatment to the underlying etiology 

and advance the understanding of the underlying mechanisms involved. We identified “biomarkers“ for 

differences in stress reactivity within the group of patients with psychotic disorders, i.e. patients with 

smaller left hippocampal volume and the Met/Met genotype of the COMT gene were most responsive 

to stressful environments. Interestingly, however, in patients with schizophrenia, the Val allele in 

contrast to the Met allele has been associated with decreased brain volume and worse cognition [37, 

38], both characteristics of a more chronic course, worse outcome and neurodevelopmental pathway 

to psychosis [35]. Thus, this finding underscores the notion that there might be different pathways to 

psychotic disorder that are associated with different biological and genetic markers, the stress related 

pathway being one of them [39, 4�].

In the cancer literature a paradigm shift is happening, from treating all patients according to standard 

guidelines to individualized molecular targeted treatments. Information flow through the intra- and 

extracellular molecular protein networks that interconnect organ and circulatory systems together is 

characterized and can be both new targets for therapeutics themselves as well as represent diagnostic 

biomarkers [41, 42]. Similarly, advancing our understanding of the different subtypes of psychotic 

disorders might help to tailor treatments. This is still far from offering direct therapeutic benefit 

and additional “biomarkers” or “behavioral markers” of the affective pathway to psychosis/different 

etiological subgroups of psychotic patients need to be identified. However, in the future, tailored and 

individualized treatments according to underlying mechanism of vulnerability, for instance teaching 

those with increased stress reactivity to better cope with stress, might be useful. 

In this regard, another approach that promises possibilities for even more individualized treatments 

is the use of real-world momentary assessment electronic devices (e.g. PsyMate; computerized ESM) 

[43]. Summary information on the association of internal and external momentary cues on symptom 
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expression (e.g. effect of social company on paranoia as discussed in chapter 4, but also fluctuations 

in anxiety and self-esteem [44, 45]), can be given as feedback to patients. This might increase their 

awareness of the processes that are involved in the formation of their symptoms [43]. This feedback 

could be also given in real-time and may introduce behavioral suggestions to patients, when they are 

dealing with a potentially “symptom evoking” external (e.g. certain environment) or internal situation 

(e.g. increase in anxiety). These kind of approaches will increase the involvement of patients in their 

own therapeutic process [43].
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Summary

Increased sensitivity to stress has been proposed as a vulnerability marker for psychosis. Moreover, 

increased stress sensitivity is particularly associated with positive psychotic symptoms, at clinical as 

well as subclinical levels. This thesis ”Interactions in Psychosis – Linking environment, brain and genes”, 

tries to further explore underlying mechanisms of clinical and subclinical positive psychotic symptoms 

as well as underpinnings of the stress sensitivity endophenotype of psychosis. 

Chapter 1 provides an introduction to psychotic disorders. The phenomenology of psychotic disorders 

and its heterogeneity is described. It is argued that an extended psychosis phenotype exists in nature 

that often consists of transient psychotic experiences and shows etiological and familial continuity with 

clinical psychosis. Moreover, evidence is reviewed putting increased stress sensitivity forward as an 

underlying vulnerability marker for a stress reactive subtype of psychotic disorders with high levels 

of positive psychotic symptoms. Moreover, we present the importance of social factors, including 

environmental exposures as well as interpersonal functioning, in the development of subclinical and 

clinical positive psychotic symptoms. In addition, potential underlying biological markers of increased 

stress reactivity, including HPA axis functioning, hippocampal volume and COMT genotype, are 

promoted. The chapter finishes with the aims and outline of the thesis. 

The present thesis consists of two parts. In the first part (chapter 2, 3 and 4) we examined the role 

and mechanisms of social factors in the development of clinical and subclinical positive psychotic 

symptoms. 

In chapter 2, epidemiological research is reviewed that has shown that stressful environmental factors 

can play an etiological role in the development of psychosis. However, the mechanism underlying the 

link between stress and psychosis is still not fully understood. It is argued that the interaction between 

stressful environmental factors and (epi)genetic factors can bring about different psychological and 

biological alterations. Both types of alterations can be referred to as a process called ‘sensitization’. The 

underlying mechanism of sensitization can be interpreted on the one hand as cognitive misinterpretations 

(psychological sensitization) and on the other hand as altered dopaminergic neurotransmission (biological 

sensitization). Both of these deviations can facilitate the onset and persistence of psychotic symptoms. 

The chapter finishes with arguing that, at the psychometric level, sensitization can be quantified as (i) 

stress-induced persistence of the normally transient expression of subclinical psychotic experiences 

during adolescence and early adulthood and as (ii) the increased risk of transition from gradually more 

persistent subclinical psychotic experiences to a clinical psychotic disorder.
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Chapter 3 presents a longitudinal study, in which the bi-directional association between interpersonal 

functioning and several subclinical symptom dimensions was examined. Cross-lagged path modellingCross-lagged path modelling 

was used to analyse bi-directional, longitudinal associations between four dimensions of subclinical 

psychotic experiences (Persecutory ideation, Bizarre experiences, Perceptual abnormalities, Magical(Persecutory ideation, Bizarre experiences, Perceptual abnormalities, MagicalPersecutory ideation, Bizarre experiences, Perceptual abnormalities, Magical 

thinking) and interpersonal functioning in an adolescent general population sample (N�813), followed813), followed), followed 

three times over three years. The results suggest that, while all symptom dimensions showed some 

association with interpersonal functioning over time, only Bizarre experiences and PersecutoryBizarre experiences and Persecutory 

ideation were consistently longitudinally associated with interpersonal functioning. A lower level 

interpersonal functioning predicted higher levels of Bizarre experiences and Persecutory ideation at 

later measurement points (both T1 to T2 and T2 to T3). Hence, within the domain of subthresholdHence, within the domain of subthresholdithin the domain of subthreshold 

experiences of psychosis during adolescence, a decrease in interpersonal functioning may form the 

starting point of a deteriorating development predicting persecutory ideas and bizarre experiences in 

particular.  

Chapter 4 focused on the microenvironment of everyday life to examine associations between social 

context and paranoid experiences. The hypothesis that psychometric paranoia risk would moderate 

the association between contextual variables and momentary increases in the intensity of paranoid 

thinking was examined in a sample (n�154) consisting of 3� currently paranoid patients, 34 currently 

non-paranoid patients, 15 remitted psychotic patients, 38 high-schizotypy participants, and 37 control 

subjects of which three groups with different degrees of paranoia were defined. Momentary social 

context, perceived social threat and paranoia in daily life were assessed using ESM. The results 

demonstrated differences in the effect of social company on momentary levels of paranoia and perceived 

social threat across the range of trait paranoia. The low and medium paranoia groups reported higher 

levels of perceived social threat when they were with less-familiar compared to familiar individuals. The 

medium paranoia group reported more paranoia in less-familiar company. The high paranoia group, 

however, reported no difference in the perception of social threat or momentary paranoia between 

familiar and unfamiliar contacts. These results suggest that paranoid thinking is context dependent in 

individuals with medium or at-risk levels of trait paranoia. Perceived social threat seems to be context 

dependent in the low paranoia group. At high levels of trait paranoia, however, momentary paranoia 

and momentary perceived social threat become autonomous and independent of social reality.

The second part of this thesis (chapter 5, 6 and 7) concentrates on biological and genetic markers of 

positive psychotic symptoms and increased stress sensitivity.

The aim of the study described in Chapter 5 was to investigate whether HPA axis functioning is altered 

in individuals at above average genetic risk for psychotic disorder, examining diurnal cortisol profiles, 

cortisol reactivity to daily stressors and the association between HPA axis activity and subclinical 
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psychotic experiences. Siblings of patients with a psychotic disorder (n�6�) and a healthy comparison 

group (n�63) participated in an ESM study in which we assessed stress, psychotic experiences, negative 

affect and salivary cortisol repeatedly in the flow of daily life. Results revealed higher diurnal cortisol 

levels and heightened cortisol reactivity to negative daily events in siblings compared with controls. 

Diurnal cortisol slope did not differ between the two groups, but momentary increases in psychotic 

experiences and negative affect were associated with increased cortisol in the sibling group. Thus, 

altered HPA axis activity seems to be present in individuals at above average genetic risk for psychotic 

disorder. Results also suggest a dynamic association between cortisol secretion and the intensity of 

psychotic-like experiences and negative emotions in daily life, although the direction of this association 

remains to be elucidated.

The study presented in Chapter 6, investigated the association between hippocampal volume and daily 

life stress reactivity, indexed by negative emotions as well as by cortisol reactions to daily hassles, 

and whether genetic risk (the contrast between controls, patients and siblings of patients) moderated 

this relationship. Hippocampal volume was measured in 2� patients with schizophrenia, 38 healthy 

siblings at higher than average genetic risk for schizophrenia and 33 controls. ESM in combination with 

salivary sampling was used to assess emotional stress reactivity (the effect of momentary stress on 

momentary negative affect) and, for the control and sibling groups, cortisol stress reactivity. Results 

revealed that the association between (emotional and cortisol ) stress sensitivity and hippocampal 

volume was different between the groups. Increased emotional stress reactivity was associated with 

smaller left hippocampal volume in patients and larger total hippocampal volume in controls. In line 

with the results in patients, siblings with small hippocampal volume demonstrated increased emotional 

and cortisol stress reactivity compared to those with large hippocampal volume. Thus, the findings 

suggest that hippocampal volume may index risk and possibly disease-related mechanisms underlying 

daily life emotional and cortisol stress reactivity in psychotic disorder. 

The goal of the study in Chapter 7 was to investigate whether psychosis risk (patient vs. control) 

moderated the association between (emotional and psychotic) stress reactivity and the COMT 

Val158Met polymorphism. In case of a significant interaction, the aim was to examine how the COMT 

Val158Met polymorphism moderates affective and psychotic reactions to momentary stress within the 

two groups. In patients with a non-affective psychotic disorder (n�89) and control participants (n�127)atients with a non-affective psychotic disorder (n�89) and control participants (n�127) 

ESM was administered to examine stress, negative affect and momentary psychotic symptoms in thestress, negative affect and momentary psychotic symptoms in the 

flow of daily life. Results demonstrated group (patient or control) differences in the effect of COMT(patient or control) differences in the effect of COMTdifferences in the effect of COMTeffect of COMT 

genotype on stress reactivity. In patients, COMT genotype was associated with emotional as well as 

psychotic reactivity to momentary stress. Met/Met genotype patients showed significantly increasedMet/Met genotype patients showed significantly increased 

psychotic and emotional reactivity to stress in comparison to the Val/Met and Val/Val genotypes. In 

contrast, healthy controls did not display large or significant COMT Val158Met X stress interactions. 
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Thus, important differences might exist in the effect of COMT Val158Met on stress reactivity, which mayCOMT Val158Met on stress reactivity, which mayon stress reactivity, which may 

depend on background risk for psychotic disorder. 

In Chapter 8, the results of this thesis are discussed and directions for future research are provided. for future research are provided. 

The results of the different studies are integrated and differences in mechanisms along the psychosis 

continuum are discussed. Finally, some clinical implications of the findings in this thesis are provided. implications of the findings in this thesis are provided. 
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Samenvatting

Uit epidemiologisch onderzoek is gebleken dat stress een rol spelt bij het ontstaan van psychotische 

stoornissen. Stressvolle gebeurtenissen, zoals trauma tijdens de kindertijd, kunnen leiden tot verhoogde 

gevoeligheid voor stress op latere momenten in het leven. Verschillende studies hebben aangetoond 

dat een verhoogde stressgevoeligheid vooral voorkomt bij die subgroep van patiënten, die vooral veel 

last heeft van positieve psychotische symptomen. 

We weten echter nog onvoldoende van het mechanisme achter het verband tussen stress en psychose. 

In mijn proefschrift met de titel ”Interactions in Psychosis – Linking environment, brain and genes” 

hebben we daarom biologische en genetische markers van stressgevoeligheid en mechanismen die ten 

grondslag liggen aan psychotische ervaringen onderzocht.

Hoofdstuk 1 beschrijft de fenomenologie en heterogeniteit van psychotische stoornissen en introduceert 

het continuüm model van psychotische ervaringen. Dit model veronderstelt dat het psychose fenotype 

zowel subklinische psychoseachtige ervaringen die voorkomen in de algemene bevolking als klinische 

psychoses omvat. Subklinische psychotische ervaringen zijn vaak van korte duur en liggen op één 

continuüm met klinische psychose, qua etiologie en erfelijke factoren. Verder wordt een verhoogde 

stress gevoeligheid geïntroduceerd als een marker van psychotische stoornissen. We presenteren het 

belang van sociale factoren, omgevingsfactoren en interpersoonlijk functioneren bij het ontstaan van 

subklinische en klinische positieve psychotische symptomen. Ook beschrijven we welke mechanismen 

aan een verhoogde stress reactiviteit ten grondslag kunnen liggen, zoals het functioneren van de HPA-

as, het volume van de hippocampus en het COMT genotype. Het hoofdstuk sluit met de doelen en de 

opzet van dit proefschrift. 

In het eerste deel van dit proefschrift (hoofdstuk 2, 3 en 4) hebben we de rol van sociale factoren bij het 

ontstaan van klinische en subklinische positieve psychotische symptomen onderzocht. 

In hoofdstuk 2 wordt beschreven hoe epidemiologisch onderzoek heeft aangetoond dat stressvolle 

omgevingsfactoren een etiologische rol kunnen spelen bij de ontwikkeling van psychose. Het 

mechanisme dat ten grondslag ligt aan de associatie tussen stress en psychose wordt echter nog 

onvoldoende begrepen. In dit hoofdstuk wordt beargumenteerd dat stressvolle omgevingsfactoren, 

in interactie met (epi)genetische factoren, psychologische en biologische veranderingen teweeg 

kunnen brengen die samen zijn te vatten onder de noemer ‘sensitisatie’. Er worden twee aspecten 

van sensitisatie onderscheiden: psychologische en biologische sensitisatie. Psychologische sensitisatie 

kan begrepen worden als cognitieve vertekeningen en biologische sensitisatie kan worden opgevat als 
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veranderde dopaminerge neurotransmissie. Sensitisatie kan met behulp van epidemiologisch onderzoek 

op psychometrisch niveau worden gekwantificeerd als stressgeïnduceerde persistentie (als indicator 

van blijvende sensitisatie) van de normaliter voorbijgaande expressie van subklinische psychotische 

ervaringen tijdens de adolescentie en vroege volwassenheid. 

Hoofdstuk 3 presenteert een longitudinale studie, met drie meetmomenten over een periode van drie 

jaar, waarin de associatie tussen interpersoonlijk functioneren en subklinische psychotische ervaringen 

is onderzocht. In een steekproef van jongeren uit de algemene bevolking (N�875), hebben wij de relatie 

tussen met vier subdimensies van subklinische psychotische ervaringen (achterdochtige ideeën, bizarre 

ervaringen, perceptuele afwijkingen, magisch denken) en interpersoonlijk functioneren (met betrekking 

tot familie en leeftijdsgenoten) gemodelleerd. De resultaten tonen aan dat verminderd interpersoonlijk 

functioneren vooral het ontstaan van bizarre ervaringen en achterdochtige ideeën voorspelt. De 

kwaliteit van de relatie met leeftijdsgenoten was vooral geassocieerd met bizarre ervaringen, terwijl de 

kwaliteit van de relatie met de familie de sterkste associatie met achterdochtige ideeën liet zien. Een 

verslechtering in interpersoonlijk functioneren tijdens de adolescentie zou dus ten grondslag kunnen 

liggen aan het ontstaan van psychotische ervaringen. 

In Hoofdstuk 4 onderzochten wij de associatie tussen de sociale context en paranoïde ideeën, in 

de micro-omgeving van het dagelijks leven. We onderzochten hoe gevoeligheid voor psychotische 

ervaringen de sterkte van deze associatie beïnvloedt. Een groep van 154 mensen (bestaande uit mensen 

met en zonder een psychotische stoornis) werd ingedeeld in drie groepen met verschillende mate van 

gevoeligheid. Met behulp van de Experience Sampling Method (ESM) onderzochten we de invloed 

van sociale context (samenzijn met bekenden versus met onbekenden), ervaren sociale dreiging en 

paranoïde ideeën in het dagelijkse leven. De resultaten lieten zien dat het effect van sociaal gezelschap 

op paranoïde ideeën verschilt per groep. De groepen met een lage of gemiddelde gevoeligheid voor 

paranoia ervoeren meer sociale dreiging en paranoïde ideeën wanneer ze met onbekenden samen waren 

dan wanneer ze met bekenden samen waren. De groep met de grootste gevoeligheid voor paranoia 

rapporteerde echter geen verschil in het niveau van sociale dreiging en paranoïde ideeën tussen het 

samenzijn met bekenden en onbekenden. Paranoïde ervaringen blijken dus context-afhankelijk te zijn 

in mensen met een laag of gemiddeld risico op paranoia. Bij mensen met een hoog risico op paranoia 

blijkt het ervaren van paranoïde ideeën en het gevoel van sociale dreiging onafhankelijk te zijn van de 

sociale context. 

In het tweede deel van dit proefschrift (hoofdstuk 5, 6 en 7) wordt gezocht naar biologische en genetische 

markers voor positieve psychotische symptomen en een verhoogde stress sensitiviteit.
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Hoofdstuk 5 rapporteert een studie die veranderingen in het functioneren van de HPA-as in mensen 

met een verhoogd genetisch risico op psychose onderzoekt. Hiervoor hebben we de cortisol reacties op 

dagelijkse stressoren en de associatie tussen HPA-as activiteit en subklinische psychotische ervaringen 

onderzocht. Aan deze ESM studie namen 6� broers en zussen van patiënten met een psychotische 

stoornis en 63 gezonde controle personen deel. Met behulp van ESM hebben wij stress, psychotische 

ervaringen, negatieve emoties en cortisol (in speeksel) in het dagelijks leven gemeten, op meerdere 

momenten per dag. We vonden verhoogde cortisol waarden en een verhoogde cortisol reactie op 

dagelijks stress in mensen met een genetische kwetsbaarheid voor psychose. Deze verhoogde cortisol 

reactie was ook geassocieerd met het hebben/rapporteren van subklinische psychotische ervaringen. 

Veranderde HPA-as activiteit lijkt dus aanwezig te zijn in mensen met een verhoogde genetische 

kwetsbaarheid voor psychose.

De resultaten doen ook vermoeden, dat er een associatie bestaat tussen de afgifte van cortisol en de 

intensiteit van subklinische psychotische ervaringen en negatieve emoties in het dagelijks leven. De 

richting van deze associatie moet echter nog verder onderzocht worden.

In hoofdstuk 6 onderzochten we de associatie tussen het volume van de hippocampus en dagelijkse 

stress reactiviteit (emotionele en cortisol reacties op dagelijkse stress). Ook onderzochten we of deze 

associatie wordt beïnvloed door het genetisch risico op psychose. Het hippocampus volume werd 

gemeten in 2� patiënten met een psychotische stoornis, 38 gezonde broers en zussen van patiënten met 

een psychose (zij hebben dus een hoger dan gemiddeld genetisch risico voor psychotische stoornissen) 

en 33 controle personen. ESM werd gebruikt om emotionele stress reactiviteit te meten. In zowel de 

controle als de broers en zussen groep werd ook speeksel verzameld om cortisol stress reactiviteit te 

meten. De resultaten lieten zien dat de associatie tussen (emotionele en cortisol) stress sensitiviteit en 

hippocampus volume verschillend was tussen de groepen. Een verhoogd emotionele stress reactiviteit 

was geassocieerd met kleiner hippocampus volume in patiënten en een groter hippocampus volume 

in controles. Net zoals patiënten, lieten broers en zussen met een kleiner hippocampus volume de 

grootste emotionele en cortisol stress reactiviteit zien. Deze resultaten suggereren dat hippocampus 

volume geassocieerd is met risico gerelateerde patronen van dagelijkse emotionele en cortisol stress 

reactiviteit in mensen met een verhoogd risico voor psychotische stoornissen. 

Hoofdstuk 7 beschrijft een studie waarin we de gen-omgevingsinteractie tussen het Cathechol-O-

Methyltransferase Val158Met polymorphisme (COMT) en stress onderzochten. Eerdere studies naar 

deze gen-omgevingsinteractie hadden inconsistente bevindingen. We hebben dit onderzocht met 

behulp van ESM in 89 patiënten met een psychotische stoornis en 127 gezonde proefpersonen. In 

de analyses onderzochten we de invloed van het COMT Val158Met genotype op stress-geïnduceerde 

psychotische fenomenen (psychotische stress-reactiviteit). We vonden dat de interactie tussen stress 
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en COMT verschillend was in de patiënten- en controlegroep. In de patiënten groep was er sprake van 

een significante interactie tussen COMT Val158Met genotype en stress, maar dit was niet het geval in de 

controlegroep. Patiënten met het Met/Met genotype lieten een sterkere psychotische reactie zien na 

stressvolle gebeurtenissen dan patiënten met het Val/Met of Val/Val genotype. Het effect van dagelijkse 

stress op psychose is dus afhankelijk van COMT Val158Met genotype en diagnostische groep. Met behulp 

van deze resultaten, werden eerdere studies die een verhoogde stressgevoeligheid in patiënten met 

een Met/Met genotype aantoonden, gerepliceerd. Opvallend is de sterkere psychotische reactie op 

stress in de patiënten met het Met/Met genotype, die mogelijk verklaard kan worden met behulp van 

de epigenetica. Kortom, er zijn belangrijke verschillen in het effect van COMT Val158Met op stress 

reactiviteit, die afhankelijk zijn van het genetisch risico op psychose.

In Hoofdstuk 8 worden de belangrijkste bevindingen uit dit proefschrift samengevat en worden 

suggesties voor verder onderzoek gegeven. Resultaten van de verschillende studies worden 

geïntegreerd en de verschillen tussen mechanismen in de verschillende fases van het psychose 

continuüm worden besproken. Tot slot worden enkele klinische implicaties van deze bevindingen 

gegeven.





Acknowledgements 
Dankwoord 
Dankwort



154

In elke fase van mijn leven hebben veel mensen mij gesteund en mede dank zijn hun is dit proefschrift 

tot stand gekomen. Iedereen die een bijdrage heeft geleverd wil ik hiervoor heel hartelijk danken.

Allereerst wil ik graag mijn promotoren, Prof. Dr. Inez Myin-Germeys en Prof. Dr. Jim van Os danken. 

Beste Inez, bedankt voor de mogelijkheid om als AIO aan jouw VIDI project te werken. Zonder jou was 

dit proefschrift niet tot stand gekomen. Van harte dank, voor alles dat je me leerde en voor de vele 

mogelijkheden die ik heb gekregen. Bedankt ook voor jouw gedrevenheid en enthousiasme. Je wist 

altijd wat je moest zeggen, om me te motiveren als het een keertje niet helemaal naar wens liep. Het 

geloof en vertrouwen dat je steeds in mij hebt gehad, heeft me vaak geholpen om mijn geloof in mezelf 

terug te vinden. Jim, het is leuk om te zien hoe je met jouw oneindige enthousiasme zoveel mensen 

voor de wetenschap inspireert. Dank ervoor! Dank ook voor jouw superhandige en snelle feedback voor 

artikelen - ze zijn er zo veel beter van geworden. Ook wil ik je bedanken, voor jouw missie om SP zo’n 

fijne plek te maken. Ik voel me vereerd om bij jou in de onderzoeksgroep te hebben mogen werken.

I would also like to thank the members of the advisory board. Ook wil ik alle leden van de leescommissie 

en corona bedanken.

Nancy, bedankt voor de superfijne samenwerking bij de cortisol studies. Ik heb van je veel geleerd en 

ben er heel erg dankbaar voor. I admire your spirit of research!

Ruud, dank voor jouw geduld wat betreft al mijn, soms waarschijnlijk naïeve, vragen over genetica. 

Bedankt voor de fijne samenwerking!

Johan, my teammate! Dank je wel voor een heel leuke tijd samen in een kamer! Volgens mij hebben we 

allebei mazzel gehad, dat we even chaotisch en “minder” netjes zijn dan de gemiddelde AIO (anders 

was een van ons waarschijnlijk al lang van kamer gewisseld). Dank ook voor het leuke brainstormen, de 

vele gesprekken en het lachen. Ik vind dat we elkaar ook wisten aan te vullen en ik ben er trots op dat 

we tijdens het STRIP project ondanks moeilijkheden toch eigenlijk alle problemen hebben opgelost en 

het project nog aan een succesvol einde hebben gebracht. Dank je voor alles! 

Maggy, ik vond het superleuk om met jou samen te werken (… minstens zo leuk als een bed te delen 

;-). Ik vind dat we een geweldig team zijn… mijn chaotische en jouw gestructureerde en nette manier 

maken een mooi geheel. Ik hoop en verheug me erop om in de toekomst nog aan veel projecten met 

je samen te werken. Dank ook voor de leuke gesprekken, jouw onophoudelijke hulp en dat je er altijd 

voor mij bent geweest. 

Becca und Anne, schön dass ihr nicht nur während dem Master sondern auch noch während der AIO 

Periode an meiner Seite ward. Danke für die „geselligen“ etentjes, Kongressbesuche, die gemeinsamen 

Fahrten zur Arbeit und und und... Nicole, schön Dich nebenan im Zimmer zu wissen, danke für die 

schöne Zeit.

Wendy, je bent een engel! Dank voor al je hulp bij alles :-). 



155

Truda, van harte dank voor jouw hulp bij het opstarten van de STRIP studie. Dank ook aan het 

datamanagement team en de data invoer. Trees, Jolanda, Ine en Leni, bedankt voor de administratieve 

ondersteuning en dat er altijd iets lekkers voor de medewerkers was. Jolanda, van harte bedankt vooral 

ook voor jouw steun bij het “administratieve” afronden van mijn proefschrift! Ron, bedankt voor al het 

programmeerwerk en het in stand houden van mijn computer. Tineke, dank je dat ik altijd met vragen 

bij jou terecht kon en voor je hulp bij klussen zoals bv een abstract van 450 woorden naar 250 in te 

korten. Gunther, dank voor de fijne samenwerking en het snelle afhandelen van ‘ons’ DNA. Marieke 

dank je dat ik altijd bij jou mocht aankloppen, of het nu over statistische vragen of toekomstgerelateerd 

advies ging.

Claudia, Feikje, Karin, Frieda, Koen, leuk dat jullie er allemaal waren - het heeft een verschil gemaakt!

Frenk, dank voor jouw enthousiaste begeleiding bij mijn afstudeertheses – ik heb daardoor zin in de 

wetenschap gekregen!

Alle AIOs wil ik bedanken voor de fijne samenwerking en al de gezelligheid in de laatste jaren.

Rufa, superleuk dat je ook nog deel hebt uitgemaakt van het STRIP team- bedankt voor je inzet en hulp 

bij de dataverzameling.

Carmen –  superbedankt voor je hulp bij het klaarmaken van de cortisol staaltjes! 

Dank aan iedereen die ook nog een bijdrage aan de STRIP studie heeft geleverd, vooral David en Bernice. 

Bernice, leuk waren de reizen naar Leuven, de voetbal gesprekken, etentjes & onze STRIP- salsa. 

Odette, ik vond het heel gezellig om samen met jedoor de dataset te worstelen voor onze GxE analyses 

:-) was veel leuker als team dan het alleen was geweest!

Petra, Machteld en Ed, ik heb genoten van onze samenwerking en ben er helemaal blij mee! Petra, 

dank ook voor jouw Indesign crash cursus.

Hanneke! Dank voor de vele koffie en thees. Dank voor de superfijne samenwerking aan ons artikel, de 

gezellige planning van ons symposium… vooral ook bedankt voor jouw superlieve ontvangst en zorg in 

Australië!

Alison, Ash, Barnaby - thanks for the opportunity to work with an Australian dataset & thanks for the 

time in Melbourne!

Tevens wil ik alle andere co-auteurs bedanken voor de prettige samenwerking en voor de gelegenheid 

die ik in de afgelopen jaren heb gekregen om met andere datasets te mogen werken. Viviane en Marielle, 

superleuk dat ik met het ZAPP en NARSAD dataset mocht werken. Dank voor de fijne samenwerking!

Ook wil ik alle andere collegas van SP bedanken. Dank voor het gezellige zingen en voor de leuke sfeer 

op SP!



156

Vooral wil ik ook alle proefpersonen bedanken die hebben meegewerkt bij de STRIP studie en alle 

andere studies. Zonder jullie inzet zou al dit mooie onderzoek niet tot stand zijn gekomen!

Liebe Freunde und Familie, von Herzen Danke ich euch. Jeder hat auf seine Weise einen Teil zu diesem 

Büchlein beigetragen.   

Claudia, Frauke, Nina, Nick, …und all die anderen: danke für die Zeit in Maastricht, das Studium… es tat 

gut euch an meiner Seite zu wissen, ihr habt mich immer wieder ermutigt meinen Weg zu finden.

Anne, Melanie, Kathrin, Olli, Christina, Stefan, Marcel, Tilman, Thomas, Phillip und Christian, schoen, 

dass Ihr mich auf meinem Weg begleitet habt!

Liebe Inga, danke für die schönen Gespräche und den Austausch zwischen Forschung und Klinik, 

zwischen Holland und Deutschland, zwischen Dir und mir.

Omas und Opas, danke dass ihr immer Interesse an mir und auch meiner Arbeit habt, und auch wenn 

es für euch manchmal sehr abstrakt sein muss, ihr euch immer alles angehört und mir immer mit einem 

guten Rat zur Seite gestanden habt. 

Liebes Brüderchen, schön dass es Dich gibt. Danke, dass du immer wieder versucht hast mich daran zu 

erinnern, dass die Wochentage zum Arbeiten und die Wochenenden zum Ausruhen gedacht sind :-)

Liebe Mama, lieber Papa, es gibt keine Worte für eure Liebe und Euer Vertrauen in mich und für alle 

Chancen und Möglichkeiten die Ihr mir gegeben habt. Von Herzen Danke für alles.

Mein liebster Sven, danke für alles (auch für die viele Hilfe bei dem Layout dieses Büchleins). Du hilfst 

mir meinen Blick nicht in Hypothesen und Datensets zu verlieren;  danke dass es Dich gibt!



157



158



159

                         Curriculum Vitae

Dina Collip was born on August 27, 1981 in Aachen, Germany. In 2��1 she graduated from secondary 

school (Abitur) at the Staedtisches Gymnasium Eschweiler, Germany. In 2��2, she started studying 

Psychology at Maastricht University where she received a Bachelor of Arts in Biological Psychology (with 

merit) in 2��5. As part of her Bachelors, she spent 5 months studying at the University of California, 

Santa Barbara. Back in Maastricht, she started the Research Master in Neuroscience, Neuropsychology 

and Abnormal Psychology. During her Masters she spent 5 months at the University of British Columbia 

in Vancouver, Canada working on the research for her Master thesis entitled “The Cortisol/DHEA molar 

ratio and BDNF in euthymic bipolar patients”. Thereafter, she spent 3 months in Heidelberg, Germany 

for her clinical internship and the research project for her minor research thesis entitled “Psychometric 

Properties of the Almost Perfect Scale-Revised (APS-R): Reliability and Construct Validity of the original 

3-Factor Structure in a German-Speaking Depressed Sample”. In 2��7 she received her Master’s degree 

(cum laude). 

From November 2��7 until October 2�11 she was a PhD candidate at the School for Mental Health 

and Neuroscience (division Mental Health) within the Department of Psychiatry and Neuropsychology 

at Maastricht University. During her PhD, she worked for three months as a guest member of staff at 

Orygen Youth Health Research Center at Melbourne University, Australia. 



16�

List of publications

International journals

Collip D, Myin-Germeys I, Van Os J (2��8) Does the concept of „sensitization“ provide a plausible 

mechanism for the putative link between the environment and schizophrenia? Schizophr Bull, 34(2): 

22�-225.

Myin-Germeys I, Collip D, Oorschot M, Lataster J, Delespaul P, van Os J (2��9) Experience sampling 

research in psychopathology: opening the black box of daily life. Psychol Med, 39(9): 1533-1547. 

Collip D, Oorschot M, Thewissen V, Van Os J, Bentall R, Myin-Germeys I (2�1�a) Social world interactions: 

how company connects to paranoia. Psychol Med: 1-11.

Collip D, Van Winkel R, Peerbooms O, Lataster T, Thewissen V, Lardinois M, Drukker M, Rutten BP, Van 

Os J, Myin-Germeys I (2�1�b) COMT Val158Met-Stress Interaction in Psychosis: Role of Background 

Psychosis Risk. CNS Neurosci Ther.

Lataster T, Collip D, Lardinois M, van Os J, Myin-Germeys I (2�1�) Evidence for a familial correlation 

between increased reactivity to stress and positive psychotic symptoms. Acta Psychiatrica Scandinavica, 

122(5): 395-4�4.

Van Winkel R, Esquivel G, Kenis G, Wichers M, Collip D, Peerbooms O, Rutten B, Myin-Germeys I, Van Os 

J (2�1�) REVIEW: Genome-wide findings in schizophrenia and the role of gene-environment interplay. 

CNS Neurosci Ther, 16(5): e185-192.

Collip D, Nicolson NA, Lardinois M, Lataster T, van Os J, Myin-Germeys I (2�11) Daily cortisol, stress 

reactivity and psychotic experiences in individuals at above average genetic risk for psychosis. Psych 

Med, 1(-1): 1-11.

Lataster J, Collip D, Ceccarini J, Haas D, Booij L, van Os J, Pruessner J, van Laere K, Myin-Germeys I

(accepted) Psychosocial stress is associated with in vivo dopamine release in human    

ventromedial prefrontal cortex: a positron emission tomography study using     

[18F]fallypride. NeuroImage.

Collip D, Wigman JTW, Lin A, Nelson B, Oorschot M, Vollebergh WAM, Ryan J, Baksheev G, Wichers M, 

van Os J, Myin-Germeys I, Yung AR (accepted) Dynamic association between Interpersonal Functioning 

& Positive Symptom Dimensions of Psychosis over Time: a Longitudinal Study of Healthy Adolescents. 

Schizophr Bull.



161

National journals

Collip D, Myin-Germeys I, Van Winkel R, van Os J (2��9) [Stress and psychosis: is sensitisation the 

underlying mechanism?]. Tijdschr Psychiatr, 51(8): 559-567.

Submitted papers

Collip D, Habets P, Marcelis M, Gronenschild E, Lataster T, Lardinois M, Nicolson NA, van Os J, Myin-

Germeys I, for G.R.O.U.P. Hippocampal Volume as Marker of Daily Life Emotional and Cortisol Stress 

Sensitivity in Psychosis. Submitted.

Collip D, Habets P, Myin-Germeys I, Gronenschild E, van Bronswijk S, Hofman P, Lataster T, Lardinois M, 

Nicolson NA, van Os J, Marcelis M, for G.R.O.U.P. Pituitary volume, stress-reactivity and genetic risk for 

psychotic disorder. Revision pending Psych Med.

Peerbooms O, Collip D, Rutten B, Lardinois M, Lataster T, Thewissen V, Mafirad S, Drukker M, Kenis 

G, van Os J, Myin-Germeys I, van Winkel R. Interactive effects of COMT and MTHFR moderate stress 

sensitivity in psychosis. Submitted.

Lataster J, Collip D, Ceccarini J, Hernaus D, Haas D, Booij L, van Os J, Pruessner J, van Laere K, Myin-

Germeys I. Aberrant dopamine stress processing in ventromedial prefrontal cortex of individuals at 

genetic risk for psychosis. Submitted.

Hernaus D, Lataster J, Collip D, Ceccarini J, Haas D, Booij L, van Os J, Pruessner J, van Laere K, Myin-

Germeys I. Psychotic reactivity to daily life stress is associated with stress-induced in vivo prefrontal 

hypodopaminergia: evidence from Experience Sampling and [18F]fallypride PET data. Submitted.



162

Abstracts and presentations

National

Collip D, Habets P, Marcelis M, Gronenschild E, Lataster T, Lardinois M, Van Os J, Myin-Germeys I Hippocampal 

volume predicting emotional and biological stress-reactivity in psychosis. 2�11 Research Day School for Mental 

Health and Neuroscience. Poster presentation.

Collip D, Wichers M, Delespaul P, Myin-Germeys I. Experience Sampling Method –Background. 2�11  

Voorjaarscongress (National Psychiatry Conference), Nederlands Vereniging voor Psychiatrie,  Amsterdam, 

The Netherlands. Oral presentation.

Collip D, Van Winkel R, Peerbooms O, Lataster T, Thewissen V, Lardinois M, Drukker M, Rutten BP, Van Os J, 

Myin-Germeys I. COMT Val158Met-Stress Interaction in Psychosis: Role of Background Psychosis Risk. 2�1� 

Voorjaarscongress (National Psychiatry Conference), Nederlands Vereniging voor Psychiatrie, Maastricht, 

The Netherlands. Oral presentation.

Collip D, Van Winkel R, Peerbooms O, Lataster T, Thewissen V, Lardinois M, Drukker M, Rutten BP, Van Os J, Myin-

Germeys I. COMT Val158Met-Stress Interaction in Psychosis: Role of Background Psychosis Risk. 2�1� Research 

Day School for Mental Health and Neuroscience. Poster presentation.

Collip D, Oorschot M, Thewissen V, Van Os J, Bentall R, Myin-Germeys I. Social world interactions: how company 

connects to paranoia. 2��9 Research Day School for Mental Health and Neuroscience. Poster presentation.

Collip D, Lataster T, Van Os J, Myin-Germeys I. Is increased reactivity to stress an endophenotype for psychosis? 

2��8  Research Day School for Mental Health and Neuroscience. Poster presentation.

Collip D., McIsaac, S., Kuan, A., Young, A.H. (2��7). Stress Hormones, BDNF and Cognition in Euthymic Bipolar 

Patients. 6th Dutch Endo-Neuro-Psycho Meeting, Doorwerth, the  Netherlands. Oral presentation.  

              

Habets P, Collip D, Gronenschild E, Van Bronswijk S, Van Os J, Myin-Germeys I, Marcelis M. Stress sensitiviteit en 

brein veranderingen in psychose: Bewijs voor verstorde functie van de Hypothalamus-Hypofyse-Bijnieras? 2�1�; 

Schizofreniecongres Zwolle.

Habets P, Collip D, Myin-Germeys I, Gronenschild E, Lardinois M, Lataster T, Van Bronswijk S, Van Os J, Marcelis 

M (2�11) Pituitary volume, stress-reactivity and genetic risk for psychotic disorder. 2�11 Research Day School for 

Mental Health and Neuroscience



163

International

Collip D, Habets P, Marcelis M, Gronenschild E, Lataster T, Lardinois M, Van Os J, Myin-Germeys I (2�11) 

Hippocampal volume predicting emotional and biological stress-reactivity in psychosis. Schizophr Bull, 37: 161. 

International Congress on Schizophrenia Research, Colorado, USA. Poster presentation.

Habets P, Collip D, Myin-Germeys I, Gronenschild E, Lardinois M, Lataster T, Van Bronswijk S, Van Os J, Marcelis 

M (2�11) Pituitary volume, stress-reactivity and genetic risk for psychotic disorder. Schizophr Bull, 37: 166. 

International Congress on Schizophrenia Research, Colorado, USA. 

Collip D, Oorschot M, Thewissen V, Van Os J, Bentall R, Myin-Germeys I. Social world interactions: how company 

connects to paranoia. 2�11; Australian Society for Psychiatric Research (ASPR) 2�1� Conference in Sydney, 

Australia. Poster presentation.

Collip D, Van Winkel R, Peerbooms O, Lataster T, Thewissen V, Lardinois M, Drukker M, Rutten  BP, Van Os J, 

Myin-Germeys I (�presenting author). COMT Val158Met-Stress  Interaction in Psychosis: Role of Background 

Psychosis Risk. 2�1�; International Early Psychosis Association Conference, Amsterdam. Oral presentation.

Collip D, Van Winkel R, Peerbooms O, Lataster T, Thewissen V, Lardinois M, Drukker M, Rutten BP, Van Os J, Myin-

Germeys I. COMT Val158Met-Stress Interaction in Psychosis: Role of Background Psychosis Risk. Schizophrenia 

Research 2�1�. Schizophrenia International Research Society Conference, Florence, Italy. Poster presentation.

Collip D, Van Winkel R, Peerbooms O, Lataster T, Thewissen V, Lardinois M, Drukker M, Rutten BP, Van Os J, Myin-

Germeys I. COMT Val158Met-Stress Interaction in Psychosis: Role of Background Psychosis Risk. 2��9; DGPPN 

Congress (Psychiatry Conference), Berlin, Germany. Oral presentation.

Collip D, Oorschot M, Delespaul P, Myin-Germeys I. ESM research in psychosis. 1st Biennial Conference of the 

Society for Ambulatory Assessment, 2��9; Greifswald, Germany. Oral presentation.

Collip D, Oorschot M, Thewissen V, Van Os J, Bentall R, Myin-Germeys I. Social world interactions: how company 

connects to paranoia. 2��9; Schizophrenia Bulletin. International Congress of Schizophrenia, San Diego, USA. 

Poster presentation.  

Collip D, Oorschot M, Thewissen V, Van Os J, Bentall R, Myin-Germeys I. Social world interactions: how company 

connects to paranoia. 2��8; DGPPN Congress (Psychiatry Conference), Berlin, Germany. Poster presentation.

Collip D, Lataster T, Van Os J, Myin-Germeys I. Is increased reactivity to stress an endophenotype for psychosis? 

Schizophrenia Research 2��8; 1�2. Schizophrenia International Research Society Conference, Venice, Italy. Poster 

presentation.



164


	Contents
	Chapter 1 - Introduction
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8 - Epilogue
	Summary/Samenvatting
	Acknowledgements
	Curriculum vitae
	List of publications

