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Introduction 

In transItIon

My choice for the title of this thesis requires some additional words of clarification 
before its content is further elaborated on. First and foremost, the term ‘transition’ is 
commonly applied in the literature on high-risk for psychosis and has largely formed 
the basis for this thesis. It is generally used in reference to an observable change in be-
havior, from sub-threshold psychotic symptoms to a more severe clinical state in which 
individuals meet formal diagnostic criteria for a psychotic disorder. Second, the title 
refers to the rapid, ongoing progression within the field of high-risk research in nar-
rowing down the (neurobiological) underpinnings of psychotic illness to work towards 
more optimal prediction and prevention strategies. Third, the focus of this thesis is on 
adolescence, a period during which drastic transitions are taking place at the levels of 
physical, cognitive and emotional development. Last but not least, the title refers to 
my own growth throughout the study, both personally and academically, which hope-
fully is reflected in the quality of this body of work. 

PsychosIs

In 1980 professor Herman van Engeland wrote in the introduction of his PhD thesis 
on developmental psychoses (English translation): “Based on its content, the concept 
of psychosis is difficult to describe or define; over time many have made an attempt 
to do so, yet none have fully succeeded.” (van Engeland, 1980). Even now, 30 years 
later, an accurate description can still prove to be a daunting task due to the heteroge-
neous, subjective nature of the psychotic manifestation. In origin the word psychosis 
stems from a combination of the Greek words for “mind / soul“ (psyche) and “abnor-
mal condition” (-osis). In the general sense then, psychosis refers to a mental illness 
that interferes with a person’s capacity to meet the typical demands of everyday life. 
More specifically, psychosis refers to severely disturbed reality testing manifested in a 
lack of insight into the pathological nature of experienced hallucinations or delusions, 
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al., 2000). Indeed, a recent meta-analysis showed that the prevalence and incidence 
of subclinical psychotic symptoms in the general population are greater than those of 
psychosis itself and that 75-90% of these symptoms disappear over time (van Os et al., 
2009). Therefore, to be able to identify individuals with a need for clinical intervention, 
it is essential to study the validity of factors that predispose individuals to the develop-
ment of severe clinical symptoms, regardless of whether their severity is based upon 
symptom intensity or long-term clinical outcome. These issues require careful consid-
eration as the upcoming DSM-5 and ICD-11 are expected to redefine the concept of 
psychotic disorders once more.

EtIology 

One raison d’être of this thesis originates from the incomplete knowledge on the 
underlying causes of psychosis. Many previous studies have indicated that the etiol-
ogy is multi-faceted and a review of all relevant studies here could easily add several 
chapters to this thesis. For this reason only a highly selective overview of potential 
predisposing factors is provided in this paragraph. 
 From family, twin and adoption studies it has become clear that a genetic predis-
position can play an important role in developing a psychotic disorder. For example, 
the chance of developing schizophrenia increases with the degree of genetic related-
ness, with the highest estimated risk for monozygotic twins (48%; Gottesman, 1991). 
However, because monozygotic twins are genetically identical and the manifestation 
of psychosis in both individuals is not always 100%, genetic predisposition by itself 
is not sufficient to cause the psychotic illness and environmental factors and gene-
gene interactions are likely to play pivotal roles. Throughout the last three decades, 
neurodevelopmental theories (originally postulated by Murray & Lewis, 1987 and 
Weinberger, 1987) have become the dominant explanatory models for the etiology 
of schizophrenia. In general these theories hold that schizophrenia is the resulting be-
havioral manifestation of an early neurodevelopmental defect in the brain caused by 
a combination of genetic and environmental influences. This early disruption of neu-
rodevelopment has been argued by many to represent the core pathological process 
that renders a person vulnerable for psychosis. 
 There is indeed overwhelming scientific evidence that adverse pre- or perinatal 
events (e.g., abnormal neuronal migration, viral infections, vitamin deficiencies, ob-
stetric complications) contribute to the later development of psychosis (Rapoport et 
al., 2005). However, there is also data that suggests neurodevelopment is (further) 
disrupted by a second ‘hit’ later in life (McCarley et al., 1999). For example, longi-
tudinal studies have shown evidence for progressive loss of gray matter volume of 
the brain around the time of the first psychotic episode, in particular for the (pre-)
frontal and temporal cortices (Lawrie et al., 2008; Pantelis et al., 2005). This acceler-
ated gray matter loss has been shown to continue during chronic illness alongside 
progressive volumetric increases in lateral ventricles (Hulshoff Pol & Kahn, 2008; Puri, 

or by cognitive and behavioral disorganization (Kaplan et al., 1994). Such symptoms 
are referred to as ‘positive symptoms’ and they are often the most explicit and idiosyn-
cratic markers of a psychotic episode. However, psychosis also involves the presence 
of ‘negative symptoms’, a term which refers to a loss of typical personal functioning, 
such as affective flattening, lack of energy and social withdrawal. Although psychotic 
symptoms may differ in type, severity or duration across individuals, they generally 
have a profound and debilitating impact on affected individuals and their personal 
environments. 
 Because psychosis is primarily a term used by clinicians it is important to estab-
lish a general guideline for terminology in clinical practice. Currently, the most widely 
used diagnostic classification systems are the Diagnostic and Statistical Manual of 
Mental Disorders, fourth edition (DSM-IV; American Psychiatric Association, 1994) 
and the International Classification of Diseases, tenth edition (ICD-10; World Health 
Organization, 1992). According to both DSM-IV and ICD-10 psychoses are not iso-
lated phenomena, but rather part of the syndromes of psychotic and affective dis-
orders such as schizophrenia and schizoaffective disorder. Schizophrenia is the most 
prevalent and best studied of all classified psychotic disorders. Psychoses may also 
occur in other psychiatric disorders such as pervasive developmental disorders (e.g., 
Mouridsen et al., 2008; van Engeland & van der Gaag, 1994) and personality disorders 
(e.g., Benvenuti et al., 2005; Dowson et al., 2000), or in clinical genetic syndromes 
like Klinefelter syndrome (e.g., Bruining et al., 2009; van Rijn et al., 2006) and 22q11-
deletion syndrome (e.g., Debbane et al., 2006; Vorstman et al., 2006). Furthermore, 
psychoses can be induced by a number of internal or external factors, such as sub-
stance use (e.g., alcohol, cannabis), sleep deprivation, vitamin deficiencies or general 
medical conditions (e.g., brain tumors, epilepsy). 
 From a large population survey in Finland the lifetime prevalence of any of the 
DSM-IV psychotic disorders is estimated to be at least 3.38 % in adults > 30 years 
and 1% for schizophrenia alone (Perälä et al., 2007). In another recent epidemiologi-
cal study in Great Britain, the incidence rate of all psychotic disorders, corrected for 
age, sex and ethnicity, was estimated to be around 0.025% (Kirkbride et al., 2009). 
While there appears to be no sex difference in overall prevalence of psychotic disor-
ders (Saha et al., 2005), the incidence of (non-affective) psychotic disorders is found 
to be higher in men than in women (Aleman et al., 2003; McGrath et al., 2004). This 
apparent discrepancy between the sexes in prevalence and incidence rates may par-
tially be explained by the inclusion of different age groups in population studies. For 
non-affective psychosis men tend to have an earlier age of onset and women tend 
to show a small perimenopausal peak incidence of psychosis (Lindamer et al., 1997). 
Furthermore, men have a higher mortality rate than women, especially in the first 
years post-onset (Heilä et al., 2005). However, ultimately the de facto prevalence and 
incidence of psychosis will depend largely on how it is defined by clinical research. It 
has been argued that it is prudent to regard psychosis as a continuous, dimensional 
phenotype which extends into the general population, in addition to or instead of 
using it as a mere categorical classification (Jablensky, 2005; Strauss, 1969; van Os et 
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So far UHR criteria have been relatively successful at identifying individuals at im-
minent risk for psychosis (Olsen & Rosenbaum, 2006b). The overall 1-year estimate 
of transition to psychosis is 36.7 %, although transition rates may vary across centers 
(Cannon et al., 2008; Ruhrmann et al., 2003). However, a recent trend of declining 
transition rates over time (Yung et al., 2007) has raised concerns about the long-term 
validity of UHR criteria. Additionally, it has been demonstrated that a large proportion 
(59%) of UHR individuals no longer meet UHR criteria after one year follow-up (Simon 
& Umbricht, 2010), emphasizing the transitory nature of prodromal symptoms and a 
need for an improved validation of UHR criteria based on clinical outcome. This is par-
ticularly important in adolescence as social stigma and unnecessary treatment during 
this phase could potentially cause more detrimental side effects than in adulthood. 
For example, it is easy to imagine how diagnosis and treatment in adolescence can 
lead to increased social isolation in school, which in turn can lead to a more negative 
self-image and symptoms of depression and consequently interfere with the outcome 
of the initial intervention. In addition, self-stigma can cause psychosocial stress, which 
in turn can trigger a cascade of neurobiological and behavioral responses that may 
increase a putative vulnerability for psychosis (van Winkel et al., 2008).

Dutch PrEDIctIon of PsychosIs stuDy

The UHR studies presented in this thesis are part of the Dutch Prediction of Psychosis 
Study (DUPS). DUPS is a longitudinal, naturalistic field study that was initiated in 2002 
as a collaborative effort between the Department of Psychiatry in Academic Medical 
Center (AMC) in Amsterdam and the Child and Adolescent Psychiatry Department of 
the University Medical Center (UMC) in Utrecht. All data for the studies in this thesis 
were collected at the UMC.
 Inclusion criteria for the DUPS project (see Table 1) were adopted from the European 
Prediction of Psychosis Study (EPOS), a prospective multicenter study (Klosterkötter et 
al., 2005). In addition to using the original UHR criteria introduced by McGorry and 
colleagues, individuals were also screened for presence of basic symptoms. The ba-
sic symptoms approach was developed to assess self-experienced disturbances in a 
range of domains, such as cognition, perception, affect regulation and motor function. 
It has been argued that basic symptoms may be more representative of an early pro-
dromal phase that is complementary to the late (i.e., in closer proximity to psychosis) 
prodromal symptoms assessed with the default UHR criteria (Klosterkotter et al., 2001; 
Schultze-Lutter, 2009). Presence of basic symptoms has proven to be highly predic-
tive of transition to psychosis (>70%) during an average follow-up period of 9.6 years 
(Klosterkötter et al., 2001). The default UHR criteria were assessed with the Structured 
Interview for Prodromal Syndromes (SIPS) and the accompanying Scale of Prodromal 
Symptoms (SOPS) (McGlashan et al., 2001; Miller et al., 1999). The basic symptoms 
criterion was assessed with the Bonn Scale for the Assessment of Basic Symptoms-
Prediction List (BSABS-P) (Schultze-Lutter & Klosterkötter, 2002). All UHR individuals 

2010). Interestingly, the severity of pathological brain changes may partially depend 
on the age of onset as youth with early onset schizophrenia (defined as onset prior to 
age 18) show less pronounced changes in brain areas that are affected in childhood 
onset (defined as onset prior to age 13) and adult schizophrenia populations (Arango 
et al., 2008). In addition, there are a number of established neurocognitive, psychoso-
cial, sociocultural and stress factors that may exert a direct or indirect influence on the 
development of psychosis across different age-ranges. Examples of such factors are 
low IQ, childhood trauma, socio-economic status, cannabis (ab-)use, urbanicity and 
belonging to an ethnic minority (Cantor-Graae, 2007; Kelly & Murray, 2000; Pukrop et 
al., 2007; Read et al., 2005; van Os et al., 2005). All of the abovementioned putative 
predisposing factors, as well as others, have been associated with the subsequent 
onset of psychosis and can therefore be referred to as individual vulnerability markers 
of the disorder. 

hIgh-rIsk

The idea that neurobiological and psychological changes underpinning psychosis may 
already be active during the pre-psychotic period has renewed the interest in the “pro-
dromal” phase of psychosis (Phillips et al., 2002a), which is characterized by a decline 
in previous levels of functioning and the onset of subclinical symptoms. If (a combi-
nation of) vulnerability markers with sufficient predictive validity can be identified at 
this early stage, intervention strategies can be optimized in order to help prevent the 
onset of psychosis. One useful approach to learn more about the predictive validity 
of vulnerability markers is by applying a prospective follow-up design to study indi-
viduals at high genetic risk for schizophrenia (for a review of findings see Lawrie et al., 
2008). However, these studies are hampered by long follow-up durations, high costs, 
low transition rates and an emphasis on schizophrenia instead of psychotic disorders 
in general. Out of the need for early intervention initiatives and to complement find-
ings from genetic high-risk research, Pat McGorry and Allison Yung from the Personal 
Assessment and Crisis Evaluation (PACE) clinic in Melbourne helped develop a novel 
approach to identify individuals at increased risk for psychosis based on the presence 
of subclinical symptoms (Phillips et al., 2002a). Three diagnostic categories were speci-
fied: (1) attenuated, i.e., subclinical, positive symptoms, (2) a brief psychotic episode 
that resolves spontaneously within one week, and (3) a combination of genetic risk (i.e., 
having a close relative with a diagnosis of schizophrenia) and a substantial decline in 
general level of functioning within the past year. Individuals who met one or more of 
these criteria were considered to be at ultra-high risk (UHR) for developing psychosis in 
the near future. Other terms have also been introduced to describe these individuals, 
such as: “putatively prodromal”, “clinical high-risk” or “at-risk mental state” (ARMS). 
However, to avoid confusion in terminology UHR is used throughout the remainder of 
this thesis. Worldwide, many centers have now adopted and adapted the UHR criteria 
(Olsen & Rosenbaum, 2006a; 2006b) to investigate the prodromal phase of psychosis.
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are capable of creating three-dimensional images of the brain based on the physical 
qualities of hydrogen protons in brain tissues. One of the most important advantages 
of MRI over other neuroimaging methods is that the scanning procedure is relatively 
safe and non-invasive, because it does not rely on the use of X-rays (as for Computed 
Tomography) or intravenous injection of chemical compounds (as for Positron Emission 
Tomography) to create useful images. Another advantage is that the image resolution 
of MRI allows for a greater contrast of gray and white matter tissue. Gray matter con-
sists largely of neurons (or cell bodies) and the neighboring white matter consists of 
myelinated fiber connections between the neurons. 
 Increased distinction of different brain tissues allows for more meaningful investiga-
tions of regions of interest (ROI) in the brain. In structural brain imaging an anatomical 
ROI is usually defined a priori by a manual or semi-automated delineation procedure 
that generates brain volumes. Because this segmentation is often a tedious and time-
consuming task, another commonly used approach to study brain structures is voxel-
based morphometry (VBM; Ashburner & Friston, 2000). VBM is a fully-automated pro-
cedure that can reliably determine the chance that any given voxel (the 3D equivalent 
of a pixel) of the whole brain is classified as gray or white matter after all MRI scans 
are spatially normalized into a stereotaxic standard space, e.g., the ‘standard Talairach 
space’. Although both methods can be used independently, the inherent strength and 
weaknesses of both methods are complementary and therefore it has been recom-
mended to use both methods in support of each other (Giuliani et al., 2005; Kennedy 
et al., 2009). A relatively new structural MRI technique that can be used in parallel to 
ROI and VBM methods is the delineation of cortical thickness, which provides localized 
thickness measurements of the cortical surface based on the distance of white / gray 
matter intersections and the outer surface of the cortex (Kim et al., 2005). Thickness 
measures do not allow for direct inferences about relevant cell structures, but because 
cell type and amount of cortical layers can be region-specific they can provide impor-
tant clues about pathological brain changes. The abovementioned techniques to mea-
sure brain structure are employed in Chapter 3 (ROI, VBM) and Chapter 4 (ROI, VBM, 
cortical thickness). A number of alternative MRI techniques, such as diffusion tensor 
imaging (DTI) and functional MRI, can also be used to measure different aspects of the 
brain, but these lie beyond the scope of this thesis.

structural braIn fInDIngs In ultra-hIgh rIsk 
PoPulatIons

Since the earliest UHR publication reported on a lack of hippocampal decrease before 
the onset of psychosis (Phillips et al., 2002b), there has been a small but continuous 
stream of structural MRI studies in UHR populations. And while during the first few 
years the field relied heavily on studies from the PACE clinic in Melbourne (Pantelis et 
al., 2007), more recently additional research centers have added to the body of knowl-
edge. Although a number of brain structures and brain areas, in both gray and white 

were recruited by distributing information about the DUPS project via oral presenta-
tions and brochures amongst health care providers in the region of Utrecht. In addi-
tion, intake reports were screened regularly by the researchers to minimize the number 
of missed eligible patients. A clinical overview of the total DUPS sample is provided in 
Sprong et al. (2008). 
 As stated, one overlapping aim of all UHR studies, including DUPS, is to eluci-
date vulnerability markers to enhance the knowledge of the underlying pathogenesis 
of psychotic disorders. This knowledge can then be used to improve prediction and 
ultimately lead to improved early intervention. In this thesis we focus on the explora-
tion of vulnerability markers in the brain as measured by structural brain imaging and 
neurophysiology. 

Table 1: Inclusion criteria for the Dutch Prediction of  Psychosis Study 

A. Attenuated Positive Symptoms: Reporting at least one of the following symp-
toms assessed with SIPS P1-P5 and D1 (score 3-5): ideas of reference, odd beliefs 
or magical thinking, unusual perceptual experiences, odd thinking and speech, 
suspiciousness or paranoid ideation, odd behavior or appearance. Symptoms have 
to appear several times a week for a period of at least one week within the last 
three months.

B.  Brief, Limited or Intermittent Psychotic Symptoms: Reporting at least one of the 
following symptoms assessed with SIPS P1-P5 and D1 (score 6): ideas of reference, 
odd beliefs or magical thinking, unusual perceptual experiences, odd thinking and 
speech, suspiciousness or paranoid ideation, odd behavior or appearance with a 
psychotic intensity with a total duration of one week or less.

C.  Familial Risk plus Reduced Functioning: Having a schizotypal personality disorder 
or a first- or second degree relative with a psychotic disorder and a 30% reduction 
in level of social, occupational / school, and psychological functioning for at least 
one month in the past year.

D.  Basic Symptoms: Reporting two or more of a selection of nine basic symptoms of 
the Cognitive thought disturbances scale (COGDIS). These symptoms have been 
present during the last three months (score ≥ 3).

braIn ImagIng 

The invention and development of Magnetic Resonance Imaging (MRI) techniques in 
the 1970s and 1980s has greatly improved the ability to visualize the human brain in 
vivo. Simply put, by using a strong magnetic field and a radio transmitter, MRI scanners 
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conditions and less so for diagnostic objectives. Many of such paradigms have been 
used extensively in both humans and animals, and have greatly increased the knowl-
edge, either directly or indirectly, of underlying brain mechanisms.
 In Chapters 5 and 6 three different paradigms are presented that are commonly 
used in neuropsychiatry: P50, startle and smooth pursuit. There is abundant evidence 
that individuals with psychotic disorders show abnormal activity for several main pa-
rameters of these paradigms and to a lesser extent in their unaffected first-degree 
relatives (for reviews see Greenwood et al., 2007 and Thaker, 2008). In this thesis we 
focused on the parameters P50 suppression (P50), prepulse inhibition (startle), veloc-
ity gain and frequency of saccades (smooth pursuit). Atypical characteristics of these 
parameters are considered to be putative vulnerability markers and may already be 
present during the prodromal period.

P50
In auditory P50 paradigms two identical auditory stimuli or ‘click-pairs’ are repetitively 
presented, usually 100-500 milliseconds apart from each other. These stimuli generate 
event-related response potentials (ERP) in the brain that are measured with electro-
encephalography (EEG). Typically the first (or conditioning) stimulus evokes a positive 
deflection (amplitude peak) after 50 milliseconds and a negative deflection (amplitude 
trough) after 100 milliseconds. The response to the second (or testing) stimulus is 
usually suppressed, presumably due to an inhibitory mechanism triggered by the con-
ditioning stimulus. This phenomenon is also referred to as sensory gating and is quite 
consistent during normal childhood and adolescent development (Ross et al., 1999b). 
The most common finding associated with psychosis is a lack of P50 suppression (e.g., 
Adler et al., 1999; Braff et al., 2007).

Startle
Acoustic startle paradigms also use auditory stimuli to evoke signals, but instead these 
are measured with electromyography (EMG). A sudden, relatively intense stimulus or 
pulse is repetitively presented to individuals, which can then trigger a startle reflex 
in different muscles. This reflex is best measured by electrodes positioned on a mus-
cle underneath the eye (orbicularis oculi) and is present in children as well as adults 
(Bakker et al., 2009). When the startling stimulus is preceded 30 to 500 milliseconds by 
a weaker prepulse, automatic suppression of startle magnitude typically occurs. This 
suppression is also known as prepulse inhibition (PPI) and is regarded as a measure of 
sensorimotor gating. Reduced PPI is consistently reported for individuals with schizo-
phrenia as well as in individuals with other psychotic disorders, individuals in remission 
of psychosis and unaffected relatives (Braff et al., 2001; Thaker, 2008; Turetsky et al., 
2007). Although sensory gating (P50 suppression) and sensorimotor gating (PPI) are 
both assumed to reflect neuronal inhibition, there appears to be only partial overlap in 
underlying mechanisms (Oranje et al., 2006). 

matter, have been shown to deviate between healthy controls and individuals with es-
tablished psychotic illness, recent reviews of cross-sectional structural imaging studies 
have argued that there is insufficient evidence for the existence of illness-related mark-
ers during the prodromal phase (Pantelis et al., 2009; Wood et al., 2008). However, in 
a recent meta-analysis of both UHR and genetic high-risk studies, total brain volume 
and total gray matter volume were (surprisingly) found to be increased for individuals 
who make a transition to psychosis compared to those who do not make a transition 
and first episode patients. In contrast, onset of psychosis was also associated with 
marked regional decreases of gray matter in frontal and temporal cortices, the limbic 
system and the cerebellum. While these results appear to be at odds with each other, 
the authors argued that tissue changes around the onset of psychosis may depend on 
regional differences in the dynamics of different cellular elements, such as the com-
position of neuropil, cell size or myelination (Smieskova et al., 2010). Importantly, the 
regional loss of gray matter is partially supported by a few available longitudinal stud-
ies (see Chapter 4 in this thesis for an overview of longitudinal studies). Taken together, 
the currently available structural MRI studies suggest that if illness-related biomarkers 
exist, they are most likely subtle and regionally specific around the time of psychosis 
onset. The replication of cross-sectional results and longitudinal observations, as well 
as results from neuroimaging studies using alternative methods are needed to uncover 
the most reliable psychosis-related biomarkers. 

nEuroPhysIology

Neurophysiology is an umbrella term for a wide array of methods that can be used 
to study functions of the central nervous system. In this thesis it refers to paradigms 
that make use of electrodes on the skin or scalp to measure electrical brain or muscle 
activity evoked by visual or auditory stimuli. Similar to MRI research, neurophysiologi-
cal research benefits from non-invasive assessment procedures and efforts to minimize 
discomfort for participants. 
 Metaphorically speaking, electric potentials generated by the brain are integral 
parts of the “language of the brain” that make communication between individually 
connected neurons possible. Because the signal of a single neuron is much too weak 
to detect with a surface electrode, the recorded signals reflect (amplifications of) the 
synchronized activity of a large number of neurons. This neuronal activity can be mea-
sured directly on the scalp or indirectly, for example by stimulation of electric poten-
tials in muscle cells or the generation of eye movements. Abnormal neurophysiologi-
cal activity is often thought to reflect disrupted processing of neuronal communication 
in the underlying connections in the brain, which are of potential clinical significance. 
For a number of medical conditions (e.g., epileptic seizures, sleep disorders, motor 
disorders) abnormal activity patterns have diagnostic validity and important clinical 
implications. In psychiatric / psychological settings neurophysiological paradigms 
are generally used for experimental purposes or to exclude the presence of medical 
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The earliest prodromal symptoms occur on average five years before the actual onset of 
the disease, during adolescence (Häfner et al., 1998; Maurer & Häfner, 1995). However, 
it is also known that prodromal or psychotic-like symptoms are fairly common in general 
adolescent populations and show high levels of discontinuity (Meng et al., 2009; Simon 
et al., 2009; van Os et al., 2009). In order to understand how differential brain develop-
ment may relate to the onset and course of psychotic symptoms, knowledge about typi-
cal adolescent brain development needs to be taken into consideration. 

tyPIcal braIn DEvEloPmEnt DurIng chIlDhooD anD 
aDolEscEncE

Although the brain has already reached over 90% of its total volume by age 6 (Giedd, 
2004), ongoing changes in brain anatomy and function can be observed well into 
adolescence and adulthood. Several large cross-sectional and longitudinal studies 
have shown that global gray matter volume peaks in early adolescence, after which 
it gradually decreases. Global white matter volume, on the other hand, continues to 
increase throughout childhood and the entire adolescent period (Giedd et al., 1996; 
Paus et al., 1999; Sowell et al., 2002; Thompson et al., 2000). Importantly, for brain 
maturational processes there can be large individual differences based on sex, IQ and 
brain region (Durston et al., 2001; Gogtay et al., 2004; Shaw et al., 2006; Sowell et al., 
2003; Sowell et al., 2001). However, in the cortex, brain maturation typically proceeds 
in sensorimotor areas, spreading subsequently and progressively into dorsal and pa-
rietal, superior temporal, and dorsolateral prefrontal cortices throughout later child-
hood and adolescence. These patterns of anatomical development have also been 
found to parallel functional activity patterns in relevant brain areas (Marsh et al., 2008). 
Although the body of knowledge on typical brain development during adolescence 
is steadily increasing, research in this area is still generating more questions than an-
swers. This highlights the importance of including typically developing individuals as 
a control group, when the research aim is to find out more about psychopathological 
development of the brain.

aIms anD outlInE of thIs thEsIs

The three overall aims of this thesis are: 

1)  to determine the validity of UHR criteria in predicting the development of subse-
quent psychosis in a group of adolescent individuals 

2)  to explore whether UHR in adolescence is associated with a presence of neurobio-
logical vulnerability markers before the onset of psychosis, as measured by struc-
tural MRI and neurophysiology 

Smooth pursuit
Smooth pursuit paradigms are used to determine smooth pursuit eye movement 
(SPEM) during the presentation of visual stimuli. Individuals are instructed to follow a 
moving target on a screen with a constant velocity. SPEM keeps the target projected 
on the fovea of the eye and becomes increasingly difficult as the target’s velocity 
increases. The most widely measured variables in SPEM research are frequency of 
saccades (rapid eye movements to compensate for errors in pursuing the target) and 
velocity gain. Velocity gain is calculated as mean eye velocity divided by target veloc-
ity and can indicate difficulties in matching eye gaze to target velocity. SPEM can be 
measured reliably in child, adolescent and adult populations (Rommelse et al., 2008; 
Ross et al., 1999a) and the most consistent and replicated abnormal findings in schizo-
phrenic individuals and their relatives include reduced velocity gain and increased 
frequency of saccades (e.g., Kumra et al., 2001; Trillenberg et al., 2004). 

nEuroPhysIologIcal fInDIngs In ultra-hIgh rIsk 
PoPulatIons

Relatively few and exclusively cross-sectional studies have been published compar-
ing UHR individuals with healthy controls or individuals with an established psychotic 
disorder. These studies support the notion that neurophysiological markers for schizo-
phrenia, such as reduced P300 amplitude, reduced P50 suppression, reduced pre-
pulse inhibition (PPI) of the startle reflex and increased antisaccade errors, are present 
before the onset of psychosis, albeit less prominently than reported for schizophrenic 
patients (Bramon et al., 2008; Brockhaus-Dumke et al., 2008; Nieman et al., 2007; 
Quednow et al., 2008). Additionally, two P50 studies that included young UHR adoles-
cents (Cadenhead et al., 2005; Myles-Worsley et al., 2004) indicate an early presence 
of P50 abnormalities, although this effect seems to be driven more by genetic vulner-
ability to P50 dysfunction than by the presence of prodromal symptoms. No previous 
studies of SPEM have been published for UHR populations. 

 
Why aDolEscEnts?

Adolescence is a dynamic period in an individual’s life that entails a number of rapid 
changes in biological, cognitive, emotional and social development. Disruption of healthy 
/ typical development during this phase can initiate the first manifestations of psychopa-
thology and may have severe consequences for later functioning (Rutter et al., 2007). For 
pragmatic reasons clinicians usually refer to adolescence as the period between 12 and 
18 years of age, yet large individual differences exist in the exact timing and continuity 
of different developmental processes. Because the peak age of onset of (non-affective) 
psychotic disorders may extend well into the early 20s, the estimated prevalence of a 
psychotic episode in the adolescent age range is relatively low (1%; Kessler et al., 2007). 
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Chapter 2

3)  to explore whether neurobiological vulnerability markers become more appar-
ent over time in UHR adolescents, in particular for those individuals who develop 
psychosis.

In Chapter 2 we address the first aim of this thesis by investigating the clinical out-
come of a 2-year follow-up study of 72 adolescent individuals that were originally 
included in the DUPS-project and met the research criteria for UHR. To investigate the 
validity of UHR criteria in adolescents we used internationally established screening 
instruments for clinical assessment. Transition to psychosis was determined based on 
follow-up assessments and retrospective chart-reviews. Furthermore, we investigated 
what proportion of individuals still met UHR criteria after two-years and whether this 
outcome could be predicted based on group differences in clinical symptoms and 
socio-demographic variables at baseline.
 The second and third aims of this thesis are addressed in subsequent chapters. In 
Chapters 3 and 4 we explore whether neurobiological vulnerability markers can be 
detected using structural MRI measures in UHR adolescents before the onset of psy-
chosis (Chapter 3) and over a two-year follow-up (Chapter 4). To achieve this goal we 
compared 54 UHR adolescents with 54 typically developing adolescents at baseline 
by means of global brain volumes and VBM. For the follow-up study we were able to 
recruit 43 UHR adolescents and 30 control participants. The objective was to measure 
the rate of brain change over time and compare these measures between the UHR 
and control group, as well as for a subgroup of UHR individuals who had experienced 
a psychotic episode. In addition to global brain volumes and VBM, cortical thickness 
measures were also analyzed. 
 In Chapters 5 and 6 we explore whether neurobiological vulnerability markers 
can be detected by comparing multiple neurophysiological measures in UHR adoles-
cents and typically developing adolescents. Similar to the MRI studies in the preced-
ing chapters, participants were assessed at baseline (Chapter 5; 63 UHR, 68 controls) 
and at follow-up two years later (Chapter 6; 42 UHR, 32 controls). At baseline we 
investigated three classical vulnerability markers of schizophrenia: P50 suppression, 
auditory startle reflex / prepulse inhibition (PPI) and smooth pursuit eye movement. At 
follow-up we assessed repeated measures for PPI and examined their relationship with 
clinical outcome. 
 Finally, Chapter 7 provides a summary of the abovementioned studies. The impli-
cations of their results as well as their limitations are discussed.
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abstract

Background: Future success of early intervention initiatives to prevent the onset of psychosis will rely on the 

validity of methods to predict clinical outcome. Proper identification is particularly essential for young ado-

lescents, as psychotic-like symptoms are often transitory during this period and mislabeling can lead to early 

stigmatization and unnecessary treatment. This article presents results from a prospective, naturalistic two-year 

follow-up study of a cohort of young adolescents putatively at ultra-high risk (UHR) for psychosis. Methods: 

Seventy-two adolescents between 12 and 18 years were recruited, fulfilling either UHR criteria or the basic 

symptom-based criterion cognitive disturbances (COGDIS). Incidence of transition as well as the remission rate 

from UHR status was calculated. Individuals who remitted (‘non-cases’) were compared to those who did not re-

mit (‘cases’) on socio-demographic and clinical characteristics. Results: Fifty-seven UHR individuals completed 

the two-year follow-up assessment. The confirmed transition rate was 15.6% and 49.1% had remitted from an 

initial UHR status. ‘Cases’ showed more positive symptoms and lower general functioning than ‘non-cases’ at 

follow-up, but groups did not differ on socio-demographic or clinical variables at baseline. Conclusions: Young 

adolescents meeting UHR criteria are at least three times more likely to have remitted from their UHR status 

than to have made a transition to psychosis after two years. Our results emphasize the need for further improve-

ment and stratification of relative risk factors for psychosis and render a decision about using the UHR criteria 

for diagnostic classification premature.
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psychosis may represent more severe variants of the disorder (Amminger et al., 2006; 
Hollis, 2000), it is of critical importance to test the predictive validity of UHR criteria in 
adolescent cohorts (Borgmann-Winter et al., 2006).
 The present report is an exploratory investigation of the clinical outcome of an 
adolescent UHR cohort from the Dutch Prediction of Psychosis Study (DUPS), a natural-
istic longitudinal study (Sprong et al., 2008). Rates for transition and remission are dis-
cussed and baseline characteristics are compared for individuals with different clinical 
outcomes. It was hypothesized that a considerable amount of UHR adolescents would 
no longer meet UHR criteria at the two-year follow-up assessment. Additionally, it was 
expected that UHR status at follow-up could not be predicted based on differences in 
socio-demographic and clinical characteristics at baseline.

mEthoDs

Participants
All data were collected at the Child and Adolescent Psychiatry Department of the 
University Medical Center Utrecht. Participants were between 12 and 18 years of 
age at the time of recruitment and were included after informed consent was giv-
en. Individuals younger than 16 years of age signed for assent, while their parents 
signed for consent. Individuals aged 16 years or older provided informed consent 
themselves.
 Participants were help-seeking adolescents referred by general practitioners or 
other psychiatric clinics, of which 72 individuals met UHR inclusion criteria. Inclusion 
criteria were adopted from the European Prediction of Psychosis Study (EPOS), a pro-
spective multicenter study (Klosterkötter et al., 2005): 1) attenuated positive symp-
toms (APS), 2) brief, limited, or intermittent psychotic symptoms (BLIPS), 3) genetic 
risk for psychosis, combined with a deterioration in overall level of social, occupa-
tional/school, and psychological functioning in the past year (GRD) and 4) two or more 
of a selection of nine basic symptoms used to assess mild cognitive disturbances 
(COGDIS). The first three inclusion criteria were assessed with the Structured Interview 
for Prodromal Syndromes (SIPS) and the accompanying Scale of Prodromal Symptoms 
(SOPS) (McGlashan et al., 2001; Miller et al., 1999). The fourth inclusion criterion was 
assessed with the Bonn Scale for the Assessment of Basic Symptoms-Prediction List 
(BSABS-P) (Schultze-Lutter & Klosterkötter, 2002).
 Follow-up assessments were conducted 9, 18 and 24 months post-baseline to de-
termine presence of a psychotic transition. A psychotic syndrome was operationalized 
as the presence of positive symptoms that are seriously disorganizing, i.e., a score of 6 
on any of the items of the SIPS-Positive Symptoms subscales for a period of more than 
7 days (Cannon et al., 2008; Ruhrmann et al., 2010). Chart reviews were used to ret-
rospectively confirm psychotic transition by clinical consensus (HvE, PS) and psychotic 
subjects were subsequently diagnosed according to DSM-IV-guidelines (American 
Psychiatric Association,1994). 

IntroDuctIon 

The emergence of early intervention initiatives has rekindled the conviction that thera-
peutic efforts can make a significant contribution to the prevention of schizophrenia 
and psychotic disorders. However, successful implementation of treatment requires a 
high level of accuracy in identifying individuals at risk for developing psychosis to omit 
negative side-effects (McGorry et al., 2009). The introduction of ‘ultra-high risk’ (UHR) 
and ‘basic symptoms’ criteria (Cornblatt et al., 2003; Klosterkötter et al., 2001; Yung et 
al., 2003) has provided international research groups with useful assessment tools to 
help identify young individuals who are ‘prodromal’ or putatively at risk. UHR criteria 
refer to a combination of: (1) Attenuated Positive Symptoms (APS); (2) Brief Limited 
Intermittent Psychotic Symptoms (BLIPS); (3) Trait plus state risk factor (Yung et al., 
2003). With the basic symptoms approach self-experienced disturbances are assessed 
in a range of domains, such as cognition, perception, affect regulation and motor 
function (Klosterkötter et al., 2001; Schultze-Lutter, 2009). While there is substantial 
overlap between UHR and basic symptoms criteria, they can also be used in parallel to 
define a more homogeneous sample of clinically and cognitively impaired individuals 
(Simon et al., 2006). From here on the term UHR will be used in reference to studies 
applying UHR and/or basic symptoms criteria.
 In a large Finnish population screening the estimated lifetime prevalence for psy-
chosis was found to be approximately 3% (Perälä et al., 2007). Given this prevalence, 
UHR criteria have been relatively successful in identifying individuals at incipient risk of 
a psychotic transition. While the overall estimate of the one-year transition rate is 36.7% 
(Ruhrmann et al., 2003), individual study sites have reported transition rates as low as 9% 
(Carr et al., 2000) and as high as 78% (Klosterkötter et al., 2001), with follow-up intervals 
ranging from 1 to 9.6 years (Cannon et al., 2008) (for a review see Olsen & Rosenbaum, 
2006b). Additionally, recent reports of declining transition rates (15-19%) have been 
attributed to earlier referral, effective treatment strategies and/or inclusion of a larger 
proportion of ‘false positives’ (Haroun et al., 2006; Ruhrmann et al., 2010; Yung et al., 
2008). 
 A recent study on clinical remission in UHR individuals (Simon & Umbricht, 2010) 
showed that almost 60 % of UHR individuals between 14 and 40 years of age (n = 52) 
remitted from their initial UHR status within the first year post-inclusion. At baseline 
individuals that remitted (‘non-cases’) did not differ from those with a prolonged UHR 
status (‘cases’) on socio-demographic and clinical variables. The authors concluded 
that symptoms might be transitory for a majority of UHR individuals, which increases 
the chance of social stigma by mislabeling. This may particularly hold for individuals in 
the young adolescent phase, when prodromal and psychotic-like experiences are most 
likely to occur for the first time (Häfner, 1995; Häfner & Maurer, 2006). Prevalence of 
prodromal symptoms in typically developing adolescents can be relatively high (30%) 
(Meng et al., 2009) and show high levels of discontinuation (Escher et al., 2002; Simon 
et al., 2009; van Os et al., 2009). Because peak age of onset for psychotic disorders is 
estimated around the late teens/early twenties (Kessler et al., 2007), and early onset 
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generally related to time-consuming aspects of the assessments. Eleven individuals 
(or parents) gave their consent for a semi-structured telephone interview at two-year 
follow-up. None of these individuals had experienced a psychotic episode. One indi-
vidual, whose consent was not obtained, had ceased to participate after being admit-
ted to our hospital with psychotic complaints, after which he was found psychotic. 
Three individuals could no longer be contacted and consequently no additional infor-
mation was available for them. 
 At baseline UHR individuals lost to attrition and UHR individuals who complet-
ed two-year follow-up did not differ in age (t = -0.312, p = .757), sex (χ2 = 0.010,  
p = .921), cannabis use (χ2 = 0.593, p = .743), medication use (χ2 = 0.101, p = .751) or 
any of the clinical scales (range p-values: .229 - .994). 

Exclusion criteria consisted of a past or present psychotic episode lasting > one week, 
traumatic brain injury or any known neurological disorder; verbal intellectual function-
ing (VIQ) < 75. Drug- and alcohol abuse were additional exclusion criteria, although 
UHR subjects were permitted a history of drug use if symptoms had also been present 
in the absence of drugs. Alcohol- and drug use was assessed with sections J and L of 
the composite international diagnostic interview (Composite International Diagnostic 
Interview (CIDI), 1993). Frequent use of cannabis was defined as ≥ 1 consumption per 
week. Individuals with sustained UHR status at 24 months or a psychotic transition 
were defined as ‘cases’ and those who no longer met UHR criteria and did not expe-
rience a transition were defined as ‘non-cases’ (adopted from Simon and Umbricht 
(2010). This study was not a treatment trial and did not involve a clinical intervention. 
When applicable, treatment as usual was continued between follow-up assessments.

Data Analysis
All statistical analyses were performed with the Statistical Package for Social Science 
(SPSS 15.0) for Windows. Baseline data were examined using descriptive statistics. A 
Kaplan-Meier Survival Analysis was performed to assess rate of transition. For group 
comparisons of socio-demographic and clinical variables all data were checked for 
homogeneity and normality. Appropriate parametric or nonparametric analyses were 
then used to analyze the data. Alpha-level was set at .05, two-tailed. To correct for 
multiple comparisons a Bonferroni adjusted p-value of p < 0.003 was applied for clini-
cal scales and p < 0.01 for all other variables. 

rEsults

Baseline characteristics 
Socio-demographic and clinical data for all UHR individuals (n = 72) at baseline are 
provided in Table 1. A majority of individuals (> 80%) was still living at home with their 
families and received formal full-time education at the time of assessment. Atypical 
antipsychotics were the most frequently prescribed psychotropic medication type  
(n = 18), followed by antidepressants (n = 12). 38 individuals met only one UHR cri-
terion, 29 met two UHR criteria and 5 individuals qualified for three inclusion criteria. 
Most UHR individuals fulfilled the criterion for APS (90.3%), and then COGDIS (54.2%), 
BLIPS (5.6%) and GRD (4.2%). 

Attrition
After one year ten of the original 72 UHR individuals (13.9%) had withdrawn their con-
sent for further participation. At 18 months one additional individual had discontinued 
participation and four more did not complete the final assessment. This resulted in 
a cumulative attrition rate of 20.8% for a two-year follow-up period. All individuals 
lost to attrition met the APS criterion at baseline and 8 individuals fulfilled at least 
one other criterion (2 BLIPS, 1 GRD, 7 COGDIS). Reasons for discontinuation were 
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Transition
Of the 57 UHR individuals that completed the two-year follow-up assessment, 8 in-
dividuals had experienced a psychotic episode. One additional individual, although 
unable to complete the full-term follow-up, was found psychotic during an earlier as-
sessment. Using a Kaplan-Meier Survival Analysis (see Figure 1), the cumulative two-
year transition rate was 15.6% (SE = 4.8%). When information of UHR individuals lost 
to attrition was also considered, the corrected transition rate was 13.0% (SE = 4.15%). 
Characteristics for individuals with a psychotic episode are provided in Table 2. Mean 
age at transition was 16.9 years (SD = 2.8) and mean number of days to transition 
from baseline was 315.7 days (SD = 170.7). UHR individuals with a psychotic episode  
(n = 9) did not differ on any of the socio-demographic variables from other UHR in-
dividuals at baseline. Psychotic individuals did report more positive symptoms than 
other UHR individuals (Mann-Whitney Z = 2.130, p = .033), but this group difference 
did not withstand Bonferroni correction. Two of eight individuals with a psychotic epi-
sode no longer fulfilled UHR criteria at the two-year follow-up other than having expe-
rienced a previous psychotic episode. 

Figure 1. Two-year survival function of  adolescent UHR individuals (n = 58)
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Table 1: Baseline characteristics of  ultra-high risk individuals 

Age (mean ± SD) 15.3 ± 1.9

Sex (male / female) 44 / 28

1st/2nd degree relative with psychosis (%) 12 (16.7)

Cannabis use (%)

– Never used 57 (79.2)

– Last (regular) use > 1 month ago 10 (13.9)

– Regular use < 1 month ago 5 (7.9)

Psychotropic Medication (%)

– Not medicated 41 (56.9)

– Medicated 31 (43.1)

–  Atypical antipsychotic 18 (25.0)

Living situation (%)

– With family/friends 64 (88.9)

– In group home 8 (11.1)

School/work situation (%)

– Full-time education 60 (83.3)

– Part-time work and / or education 3 (4.2)

– Unemployed / not in school 9 (12.5)

Earliest onset of symptoms (%)

– < 10 years 38 (52.8)

– 10 - 15 years 28 (38.9)

– > 15 years 6 (8.3)

SIPS/SOPS-subscales (mean ± SD)

– Positive symptoms 1 8.9 ± 4.0

– Negative symptoms 6.7 ± 5.0

– Disorganized symptoms 1 4.9 ± 3.9

– General symptoms 6.7 ± 4.3

BSABS-subscales 2 (mean ± SD)

– Cognitive disturbances 13.4 ± 8.5

– Perceptual disturbances 7.9 ± 7.1

– Motor disturbances 1.4 ± 2.2

Current GAF-score (mean ± SD) 59.6 ± 13.0

1 Data missing for 1 individual 
2 Data missing for 2 individuals
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Table 3: Baseline and follow-up characteristics of  individuals with UHR status at baseline (n = 57)
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Table 2: Characteristics of  individuals with a psychotic transition within the two-year follow-up period

Gender Age at 
baseline

Age at 
onset

Days to 
onset

Inclusion criteria at 
baseline

DSM-IV Diagnosis

Female 1 13.2 14.3 110 APS 295.10 Schizophrenia, disorganised

Male 15.8 16.3 181 APS, COGDIS 295.30 Schizophrenia, paranoid subtype

Male 12.5 13.2 253 APS, BLIPS, COGDIS 295.90 Schizophrenia, undifferentiated

Male 18.0 18.7 254 APS, COGDIS 295.30 Schizophrenia, paranoid subtype

Male 17.0 17.7 258 APS, COGDIS 296.04 Bipolar I disorder

Male 14.8 15.5 275 APS, COGDIS 298.90 Psychosis NOS

Male 13.9 14.7 313 APS 295.30 Schizophrenia, paranoid subtype

Male 2 19.1 20.7 595 APS, GRD, COGDIS 295.70 Schizo-affective disorder

Male 2 19.1 20.8 602 APS, COGDIS 295.30 Schizophrenia, paranoid subtype

1 COGDIS assessment was not available at baseline 
2 Recruited before the age of 19 

‘Cases’ vs. ‘non-cases’
In total 29 individuals (50.9%) met at least one UHR criterion at the two-year follow-
up (‘cases’). The remaining 28 individuals (49.1%) had remitted from UHR-status and 
were referred to as ‘non-cases’. Baseline variables did not differ between ‘cases’ and 
‘non-cases’, except for the APS inclusion criterion (see Table 3), with more ‘cases’ 
than ‘non-cases’ fulfilling this criterion (χ2 = 4.275, p = .039). After Bonferroni correc-
tion for multiple comparisons, this difference was no longer significant. At the two-
year follow-up ‘cases’ showed higher scores than ‘non-cases’ on all clinical scales, 
except for BSABS - motor disturbances (Mann-Whitney Z = 1.862, p = .062). SIPS 
- positive symptoms (Mann-Whitney Z = 3.029, p = .002) and current GAF-score  
(t = -4.130, p < .001) were the only clinical scales for which the group difference sur-
vived Bonferroni correction. 
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shown evidence that inclusion based on basic symptoms can increase the sensitivity of 
prediction models (Ruhrmann et al., 2010; Schultze-Lutter et al., 2010), and is highly 
predictive of psychosis in the long run (Klosterkötter et al., 2001).
 Although we were unable to detect baseline differences in socio-demographic and 
clinical variables between ‘cases’ and ‘non-cases’, the ‘cases’ did show more positive 
symptoms and a lower level of general functioning at follow-up. Due to the naturalistic 
nature of our study we were unable to determine whether this difference was caused 
by differential (therapeutic) treatment procedures. However, use of psychotropic medi-
cation was not associated with a better clinical outcome. A plausible explanation could 
be that medication was only prescribed to more severely affected individuals, which in 
turn may have partially obscured our observations. Since our study was not optimally 
designed to compare intervention strategies, these results need to be interpreted with 
caution. It should also be emphasized here that, even though ‘non-cases’ had remitted 
from their initial UHR status, they generally continued to report clinical symptoms and 
problems in social and role functioning, albeit to a lesser extent than individuals who 
did not remit from a UHR status. 
 Interpretation of our results is restricted by several further limitations. As with most 
clinical follow-up studies, there was a considerable attrition rate in our study cohort 
(20.8%). Although individuals that discontinued participation did not differ from oth-
er UHR individuals on baseline characteristics, it is possible that this group consisted 
mostly of severely affected ‘cases’ which thereby influenced the outcome of our study. 
To get a better idea of their clinical progression, these individuals were contacted again 
at the end of the follow-up period. Except for three participants that could not be re-
trieved, all individuals were willing to provide information. Based on this information, 
we concluded that the clinical course was very diverse among these individuals. While 
some reported little clinical improvement or deterioration, others reported to be com-
pletely symptom- and treatment-free. While this does not exclude a potential attrition 
bias in our results, it is likely that the attrition group is clinically not more or less homog-
enous than the group of UHR individuals that completed the two-year follow-up. 
 Finally, several factors that have been shown to greatly contribute to prediction 
models of psychosis, such as the GRD criterion (e.g., Cannon et al., 2008; Ruhrmann 
et al., 2010) and cannabis use (e.g., Cannon et al., 2008; Van Os et al., 2005), were 
relatively absent in our cohort. Consequently statistical power was too limited to ex-
clude any potential influence of these factors in our study. In addition, we were unable 
to find baseline differences between the small group of UHR individuals who became 
psychotic (n = 9) and those who did not. However, as exemplified by several case re-
ports, Yung et al. (2010a) emphasized that the transition threshold is an arbitrary one 
in some cases and may not relate to long-term clinical outcome. Therefore, instead 
of focusing solely on the prediction of psychosis, it may also be prudent to develop a 
better prognosis of functional outcome in UHR individuals (Niendam et al., 2009).
 The current study provides evidence that adolescents meeting UHR criteria are at 
least three times more likely to have remitted from their UHR status after two years than 
to have made a transition to psychosis. Furthermore, clinical and socio-demographic 

DIscussIon

Efficient early intervention to help prevent the onset of psychosis requires a valid iden-
tification of young at-risk individuals with a negative clinical prognosis. To address this 
issue the current paper reports on the transition and remission rate in a two-year fol-
low-up study of help-seeking adolescents at Ultra-High Risk (UHR) for psychosis. Our 
results show that at the end of the follow-up period 15.6% of UHR adolescents had 
experienced a psychotic transition and 49.1% of UHR individuals had remitted from 
their original UHR status. Socio-demographic variables and clinical scales at baseline 
did not discriminate between UHR individuals who sustained their UHR status and 
those who remitted.
 Our results are in line with recent reports of declining transition rates (Haroun et 
al., 2006; Ruhrmann et al., 2010; Simon & Umbricht, 2010; Yung et al., 2008) and 
a high remission rate (Simon & Umbricht, 2010) in UHR cohort studies. Importantly, 
participants were relatively young in our study and therefore the majority had not yet 
reached peak age for psychosis at the time of the follow-up assessment. Consequently 
the transition rate is expected to rise as our cohort is followed-up further into young 
adulthood and may eventually approximate previous reports of transition rates > 30% 
(Olsen & Rosenbaum, 2006b). Nevertheless, part of the rationale of using UHR criteria 
is the assumption that they are indicative of a proximal onset of psychosis (Cornblatt 
et al., 2003; Yung et al., 2008) illustrated by an estimated one-year transition rate of 
36,7% (Ruhrmann et al., 2003) and a subsequent decline in transition rate as follow-up 
continues (Cannon et al., 2008). As such, the outcome of our study suggests that early 
detection of UHR symptoms may identify a higher number of individuals that will never 
reach a clinical threshold for psychosis. Several possible explanations for a high ratio of 
these ‘false positives’ have previously been proposed, such as potential beneficial ef-
fects of early treatment or misidentification due to a lack of symptom specificity (Yung 
et al., 2007). Alternatively, our high remission rate may partially reflect the transitory 
nature of psychotic-like symptoms (Nelson & Yung, 2009; Simon et al., 2009). A recent 
review and meta-analysis of population rates of subclinical psychotic experiences in-
dicated that approximately 75-90% of these experiences are transitory and disappear 
over time (van Os et al., 2009). 
 As is commonly reported in UHR studies, a majority of our study cohort (90.3%) 
qualified for the APS criterion at baseline. Only few individuals met criteria for BLIPS  
(n = 4) or GRD (n = 3) and all of these individuals also fulfilled the APS criterion, pre-
venting the use of subgroup-analysis based on inclusion criteria. The COGDIS criterion 
of the basic symptoms approach, designed to detect self-experienced disturbances in 
the early course of the psychosis prodrome (Klosterkötter et al., 2001), did not have 
additional discriminative value for transition to psychosis or remission of UHR status, as 
was also found in a clinical follow-up study by Velthorst et al. (2009). Additionally, five 
of the six individuals that exclusively met the COGDIS criterion at baseline had remit-
ted from UHR status at follow-up. Therefore, the idea that basic symptoms precede 
the onset of APS could not be validated in this study. However, previous reports have 
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characteristics at initial intake cannot reliably distinguish between individuals with a 
positive or negative clinical outcome. Our results highlight the need for an improved 
validation of the risk assessment for psychosis and for subsequent functional outcome 
in young individuals. In our opinion these issues need to be addressed before diag-
nostic classification of a ‘prodromal syndrome’ may prove to be a useful tool in clini-
cal practice (Woods et al., 2009; Yung et al., 2010b). Instead, to guide the need for 
intervention, clinicians may benefit more from a differential stratification of risk severity 
(Ruhrmann et al., 2010), based on validated prediction models in large populations at 
putative risk. 



  39

no evidence for structural brain 
changes in young adolescents 
at ultra-high risk for psychosis

Tim Ziermans a, Sarah Durston a, Mirjam Sprong a, Hilde Nederveen a, Neeltje van Haren b, 
Hugo Schnack b, Bertine Lahuis a, Patricia Schothorst b, Herman van Engeland a

Schizophrenia Research (2009), 112, 1-6

a  Department of Child and Adolescent Psychiatry, Rudolf Magnus Institute of Neuroscience, University 
Medical Center Utrecht, the Netherlands

b  Department of Psychiatry, Rudolf Magnus Institute of Neuroscience, University Medical Center Utrecht, the 
Netherlands

abstract

Objective: The onset of psychosis is thought to be preceded by neurodevelopmental changes in the brain. 

However, the timing of these changes has not been established. We investigated structural brain changes in 

a sample of young adolescents (12-18 years) at ultra-high risk for psychosis (UHR). Methods: Structural MRI 

data from young UHR subjects (n = 54) and typically developing, matched controls (n = 54) were acquired 

with a 1.5 Tesla scanner and compared. Results: None of the measures differed between UHR subjects and 

controls. Conclusions: Our results do not support the presence of gross neuroanatomical changes in young 

UHR subjects. This suggests that early changes are too subtle to detect with conventional imaging techniques. 

Therefore, changes observed in older cohorts may only onset later developmentally or occur secondary to 

prodromal symptoms.
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of the UHR criteria in the last year. 
 A complete overview of UHR inclusion criteria is displayed in Table 1. Briefly, the 
following criteria were applied: 1) attenuated positive symptoms, 2) brief, limited, or 
intermittent psychotic symptoms, 3) a 30% reduction in overall level of social, oc-
cupational/school-, and psychological functioning (i.e., GAF-score) in the past year, 
combined with a genetic risk of psychosis, and 4) two or more of a selection of nine 
basic symptoms, i.e., subjective deficits in cognitive, perceptual, and motor function-
ing. The first three inclusion criteria were assessed with the Structured Interview for 
Prodromal Syndromes (SIPS; McGlashan et al., 2001). The fourth inclusion criterion was 
assessed with the Bonn Scale for the Assessment of Basic Symptoms-Prediction List 
(BSABS-P; Schultze-Lutter & Klosterkötter, 2002). The numbers of individuals per UHR 
criterion are listed in Table 1. The study design allowed for repeated measures to be 
performed at 9, 18 and 24 months after inclusion. At these assessments, subjects were 
re-evaluated to determine possible transition to psychosis according to SIPS criteria 
(McGlashan et al., 2001). Additionally, transition was retrospectively confirmed by clini-
cal expert consensus (HvE, PS). 

IntroDuctIon 

A growing body of evidence suggests early neurodevelopmental brain changes 
preceding psychosis that are thought to progress into adolescence and adulthood 
(Rapoport et al., 2005). Recently, neuroimaging studies have focused on genetic and 
clinical high-risk cohorts to define the nature of these changes and to identify which of 
these may mark vulnerability for psychosis (Cannon, 2005). Subjects of clinical high-risk 
cohorts are commonly referred to as being at “ultra-high risk” (UHR), at “prodromal 
high-risk” or having an “at risk mental state” (ARMS) for psychosis. Several research 
groups have reported premorbid structural and functional brain changes in these co-
horts. However, the timing of these changes is not established (for reviews see Pantelis 
et al., 2007; Wood et al., 2008): It is unclear whether they are truly premorbid or rather 
associated with prodromal symptoms.
 A large volumetric MRI study in a UHR population aged 20 years reported smaller 
whole brain volume for subjects at UHR for psychosis compared to controls (Velakoulis 
et al., 2006), while several voxel-based morphometry (VBM) studies have shown 
changes in both gray (GM; Borgwardt et al., 2007b, 2008; Meisenzahl et al., 2008; 
Pantelis et al., 2003) and white matter (WM; Walterfang et al., 2008a; Witthaus et al., 
2008) clusters in young adults (20-25 years) at UHR, predominantly in (pre-)frontal and 
temporal lobe areas. Interestingly, longitudinal reports suggest a differential develop-
ment of changes in brain structure for individuals who convert to psychosis compared 
to those who do not (Pantelis et al., 2003; Walterfang et al., 2008a). Reports to date of 
brain changes in subjects at UHR have focused on the age range of 20-25 years, when 
psychosis typically first occurs (Kessler et al., 2007). However, on average the earliest 
prodromal signs occur 4.8 years before onset (Häfner et al., 2006). If neurobiological 
changes precede psychotic breakdown, these should be present in the at-risk period 
irrespective of the age at which psychotic breakdown occurs. To test whether this is 
indeed the case, we investigated brain structure volumes in a well-defined sample of 
young adolescents at UHR for psychosis (aged 12-18 years). We hypothesized that the 
UHR group would have smaller total brain volume and less GM and WM density in 
(pre-)frontal and medial temporal lobe areas.

mEthoDs 

Subjects 
Fifty-four adolescents (52 Caucasian, 2 Asian) meeting at least 1 of 4 criteria for UHR 
were referred by general practitioners or other psychiatric clinics and included in this 
study. A further 54 matched typically developing adolescents (52 Caucasian, 1 Asian, 
1 Hispanic) were included. There was also a subgroup of nineteen (35%) UHR patients 
that met criteria for pervasive developmental disorder – not otherwise specified (PDD-
NOS; American Psychiatric Association, 1994). While these subjects in general showed 
behavioral problems at an earlier age (Sprong et al., 2008), they also met at least one 



42  Chapter 3         No evidence for structural brain changes in young adolescents at ultra-high risk for psychosis   43

The subgroup of patients with PDD-NOS had received a prepubertal DSM-IV diagnosis 
of PDD-NOS (American Psychiatric Association, 1994), while also meeting criteria for 
MCDD (i.e., early childhood-onset impairments in affect regulation, social behavior/
sensitivity, and cognition (Cohen et al., 1994)). Children with PDD-NOS, MCDD sub-
type are at risk for developing psychotic disorders later in life (van Engeland and van 
der Gaag, 1994). The diagnosis was confirmed in a psychiatric examination including 
the Autism Diagnostic Interview-Revised (Lord et al., 1994), as well as a parent inter-
view based on the diagnostic criteria for MCDD, which was developed for internal use 
at the UMC. Diagnoses were confirmed by expert clinical opinion (HvE, PS). A more 
detailed description of this UHR-subgroup is available elsewhere (Sprong et al., 2008)
Typically developing controls were recruited from secondary schools in the region of 
Utrecht. They were excluded if they met one of the UHR-criteria, if they or any first 
degree relative had a history of any psychiatric illness, or if there was a second-degree 
relative with a psychotic disorder. Exclusion criteria were assessed with SIPS & BSABS-P 
interviews and (parent) questionnaires. 
In addition to the screening instruments a modified version of the revised self-report 
Schizotypal Personality Questionnaire (SPQ-R) was used to assess schizotypal person-
ality traits (Raine, 1991; Vollema and Hoijtink, 2000).
 All participants were aged between 12 and 18 years and none of them were psy-
chotic at the time of inclusion in the study. Subjects were excluded if there was evi-
dence for any past or present neurological disorder (e.g., epilepsy). Drug- and alco-
hol abuse were additional exclusion criteria, although patients were allowed to have 
a history of drug use if symptoms had also been present in the absence of drugs. 
Eleven patients reported having used drugs at least five times within the last year (all 
Marijuana and two patients with additional use of psychostimulants). Three of these 
patients were considered to be frequent users (at least once a week within the last 
month) at the time of assessment. Also, all individuals had a level of verbal intellectual 
functioning (VIQ) ≥ 75, as assessed with the Wechsler Intelligence Scales (Wechsler, 
1997; 2002). All subjects signed an informed consent, and for those younger than 16, 
parents co-signed. Sample characteristics are summarized in Table 2.

MRI acquisition
Magnetic resonance images were acquired on a Philips Gyroscan (Philips Medical Systems, 
Best, the Netherlands) operating at 1.5 T. For volumetric measurements T1-weighted 3D 
fast-field echo scans with 1.5 mm contiguous coronal slices of the whole head (TE 4.6 ms; 
TR 30 ms; flip angle 30°; FOV 256 mm; in plane voxel size, 1 mm2) and T2-weighted dual-
echo turbo spin-echo scans with 3.0 mm contiguous coronal slices (TE1 14 ms; TE2 80 
ms; TR 6350 ms; flip angle 90°; FOV, 256 mm; in plane voxel size 1 mm2) were acquired. 
In addition, T2-weighted dual echo turbo spin echo scans with 17 axial 5 mm slices and a 
1.2 mm gap (TE1 9 ms, TE2 100 ms, flip angle 90º, FOV 250 mm, in plane voxel size 0.98 
mm x 0.98 mm) were acquired for clinical neurodiagnostic evaluation.

Table 1: Inclusion criteria

Attenuated positive symptoms (APS)

Presence of at least one of the following SIPS symptoms with a score between 3 and 5 and an appearance of 

several times per week for a period of at least one week:

– Unusual thought content/delusional ideas (P1)

– Suspiciousness/persecutory ideas (P2)

– Grandiosity (P3)

– Perceptual abnormalities/hallucinations (P4)

– Disorganized communication (P5)

– Odd behaviour or appearance (D1)

Brief limited intermittent psychotic symptoms (BLIPS)

Presence of at least one of the following PANSS symptoms that resolve spontaneously in 7 days and an interval 

between episodes with these symptoms of at least one week (two episodes of BLIPS separated by less than 

one week are considered as being one episode; if the total duration then becomes more than one week, the 

transition criterion is fulfilled):

– Hallucinations (PANSS P3 score ≥4)

– Delusions (PANSS P1, P5, P6 score ≥4)

– Formal thought disorder (PANSS P2 score ≥4)

Familial risk plus reduced functioning

A change in mental state or functioning leading to a reduction of 30% or more on the Global Assessment of 

Functioning scale for at least one month within the last year compared to the highest level of previous function-

ing, plus at least one of the following risk indicators:

– One first- or second-degree relative with a history of any DSM-IV psychotic disorder (not due to a medical 

factor or substance induced)

– A schizotypal personality disorder of the index person according to DSM-IV

Basic symptoms

Presence of at least two of the following symptoms from the cluster “cognitive disturbances” for more than one 

year, with a BSABS-P score ≥3 during the last three months:

– Inability to divide attention (A.8.4)

– Thought interferences (C.1.1)

– Thought pressure (C.1.3)

– Thought blockages (C.1.4)

– Disturbances of receptive speech (C.1.6)

– Disturbances of expressive speech (C.1.7)

– Disturbances of abstract thinking (“concretism”; C.1.16)

– Unstable ideas of reference (“subject-centrism”; C.1.17)

– Captivation of attention by details of the visual field (C.2.9)

SIPS – Structured Interview for Prodromal Syndromes; PANSS – Positive and Negative Syndrome Scale; 
BSABS-P – Bonn Scale for the Assessment of Basic Symptoms – Prediction List.
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chance of false positives (Genovese et al., 2002). Finally, relationships between brain 
volumes and clinical symptom scores were examined with Spearman’s rho. Here the p 
level was adjusted to p < .01 to correct for multiple comparisons. 

rEsults

Socio-demographic and clinical parameters
Subjects were matched for age, gender, handedness, height and parental education 
(Table 2). Controls had significantly higher Total IQ (TIQ) scores than the UHR group 
(t = -2.56, df = 106, p < .012). Clinical parameters differed between both groups (p 
< .001), with the UHR-group reporting more symptoms and lower GAF-scores (Table 
2). Fifty-one of 54 UHR subjects completed the eighteen months follow-up period at 
which transition to psychosis was determined. Two subjects had dropped out, as they 
felt assessments were too time-consuming and one subject had only been included 
less than a year previously. In total, seven out of 51 (14%) UHR subjects had converted 
to psychosis, of whom four had transited within the first year after inclusion (8%). For 
clinical parameters, converters scored higher than non-converters on SIPS total score 
(n = 54, U = 78, p < .026) and disorganized symptoms (n = 54, U = 86, p < .042).

Brain volumes
There were no differences in brain volumes between the UHR and control group (Table 
2). These results were unchanged when TIQ was included as a covariate in a General 
Linear Model analysis. Effect sizes were small to intermediate (range [d] = -.27-.31). 
Subgroup analysis for patients with PDD-NOS (19) and patients fulfilling more than 
one UHR criterion yielded similar results. Given the current effect size for total brain  
(d = -.14), a post hoc power analysis showed that it would require a sample size of n >1300 
to provide sufficient statistical power to detect a group difference of this magnitude.

Voxel-based morphometry
There were no differences in gray or white matter density between the UHR and con-
trol groups. Exploratory analyses at more liberal statistical thresholds also showed no 
differences.

Correlational analyses
There were no correlations between clinical parameters and brain volumes. 

MRI-processing
volumetric measurements
MRI scans were coded to ensure rater blindness to subject identity and diagnosis and 
half of the scans were randomly flipped over the y-axis to ensure blindness to laterality. 
The processing pipeline has been described previously and included semi-automated 
assessment of intracranial volume, total brain volume, lateral ventricles, third ventricle 
and cerebellum, as well as fully automated assessment of gray (GM) and white matter 
(WM) volumes and the cortical lobes (Durston et al, 2004; Palmen et al., 2005). 

voxel-based morphometry
GM and WM segments were created for individual MRI-scans in the automated pipe-
line described above (Schnack et al., 2001b). For the voxel-based analyses, these seg-
ments were blurred using a 3D Gaussian kernel (FWHM = 8 mm), in order to gain 
statistical power. The voxel values of these blurred GM and WM segments reflect the 
local presence, or concentration, of GM and WM, respectively, and these images are 
referred to as ‘density maps’.
 In order to compare brain tissue at the same anatomical location in all subjects, 
the GM and WM segments were transformed into a standardized coordinate system. 
These transformations were calculated in two steps. First, the T1-weighted images 
were linearly transformed to the model brain, the previously determined ‘most aver-
age’ brain (Hulshoff Pol et al., 2001). In this linear step a joint entropy mutual informa-
tion metric was optimized (Maes et al., 1997). In the second step nonlinear (elastic) 
transformations were calculated to register the linearly transformed images to the 
model brain up to a scale of 4 mm (FWHM), thus removing global shape differences 
between the brains, but retaining local differences. For this step the program ANIMAL 
(Collins et al., 1995) was used. The GM and WM density maps were now transformed 
to the model space by applying the concatenated linear and nonlinear transforma-
tions. Finally, the maps were resampled to voxels of size 2 x 2 x 2.4 mm3.

Statistical analysis
All statistical analyses were conducted using the SPSS statistical package, version 15.0 
(SPSS Inc., Chicago, IL, USA). Chi-square and independent sample t-tests were used 
to assess differences in clinical and socio-demographic variables and brain volumes. 
Any significant differences were then further investigated post hoc with either non-
parametric tests for 2 samples or independent-sample t-tests (two-tailed). Cohen d 
standardized effect sizes were calculated from the pairwise comparisons. An effect size 
of 0.20 is typically regarded as small, 0.50 as moderate, and 0.80 as large. Separate 
analyses were also performed for UHR subjects that were included on the basis of 
criteria 4 and 5, because subjects in these groups may potentially represent separate 
subgroups. For VBM, the same statistical analyses were carried out on regional GM 
and WM densities throughout the brain, but with covariates for age, gender and hand 
preference (right vs. non-right). A correction for multiple comparisons was carried out 
according to the false discovery rate (α < 0.05, two-tailed), allowing for an overall 5% 
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Table 3: brain volumes (cc) for individuals at ultra-high risk and healthy comparison subjects

Ultra-High Risk 
Subjects 

Healthy 
Comparison 
Subjects

t 
(df = 112)

P Effect 
size (d)

Intracranium 1482.75 ± 117.27 1500.11 ± 140.12 -.70 .49 -.13

Total brain 1356.13 ± 110.96 1372.17 ± 120.43 -.72 .47 -.14

Cerebral gray matter 744.87 ± 64.95 758.51 ± 70.78 -.84 .40 -.20

Cerebral white matter 446.51 ± 54.30 450.26 ± 56.11 -.35 .73  -.07

Frontal lobe 298.06 ± 27.24 298.61 ± 29.00 -.10 .92  -.02

Frontal gray matter 189.89 ± 16.81 191.06 ± 17.95 -.35 .73  -.07

Frontal white matter 108.17 ± 12.69 107.55 ± 13.78 .24 .81  .05

Parietal lobe 214.29 ± 18.25 219.00 ± 20.64 -1.26 .21 -.24

Parietal gray matter 135.18 ± 10.89 138.15 ± 12.49 -.1.32 .19 -.25

Parietal white matter 79.11 ± 10.70 80.85 ± 11.00 -.61 .54 -.16

Temporal lobe 217.87 ± 19.60 221.74 ± 19.03 -1.04 .30 -.20

Temporal gray matter 157.50 ± 14.20 160.34 ± 13.64 -1.06 .29 -.20

Temporal white matter  60.37 ± 9.10 61.40 ± 8.50 -.61 .54 -.12

Occipital lobe 112.44 ± 11.64 115.53 ± 15.13 -1.19 .24 -.23

Occipital gray matter 68.29 ± 7.71 70.57 ± 9.17 -1.40 .17 -.27

Occipital white matter 44.14 ± 6.44 44.96 ± 7.45 -.61 .54 -.12

Cerebellum 153.09 ± 13.38 152.37 ± 13.25 .28 .78 .05

Lateral ventricles 12.77 ± 6.65 11.61 ± 9.73 .72 .47 .14

Third ventricle 0.66 ± 0.34 0.57 ± 0.24 1.48 .14 .31

DIscussIon

The aim of the current study was to investigate whether structural brain changes are 
present in young adolescents at clinical high-risk for psychosis. In our young UHR 
sample of adolescents aged 12-18 years, we find no evidence for gross or regional 
brain changes. Furthermore, we find no correlations between brain volumes and clini-
cal symptoms. 
 These results suggest that the brain changes reported in older UHR populations 
(Borgwardt et al., 2007b, 2008; Meisenzahl et al., 2008; Pantelis et al., 2003; Velakoulis 
et al., 2006; Walterfang et al., 2008a; Witthaus et al., 2008) may only onset later de-
velopmentally or be secondary to prodromal symptoms that precede the onset of psy-
chosis. Such symptoms are already present in our sample, but are not accompanied 
by structural brain changes. This interpretation of our data is supported by evidence 
from two other large studies showing no regional brain changes in relatively young 
UHR samples (Velakoulis et al., 2006; Berger et al., 2007). As such, any brain changes 
present in early adolescence may be too subtle to detect with conventional scanning 

Table 2: Demographic data & characteristics 

Ultra-High Risk 
Subjects (n = 54)

Healthy Comparison 
Subjects (n = 54)

Statistic P

Mean  ±   SD Mean  ±   SD

Age at scan (years) 15.76 ±   2.05 15.75 ±   1.49 t = .04 p = .970

Total IQ 100.30 ±  13.38 107.11 ±   14.29 t = -2.56 p = .012

Height (cm) 173.60 ±   10.44 172.50 ±   9.07 t =  .56 p = .576

Parental education (years) 13.46 ±   2.01 14.18 ±   2.42 t = -1.69 p = .095

SIPS Total 25.3 ±   12.3 1.8 ±   2.8 U = 13.5 p < .001

– Positive symptoms 8.4 ±   3.7 0.6 ±   1.0 U = 43.0 p < .001

– Negative symptoms 6.0 ±   4.8 0.4 ±   1.1 U = 183.5 p < .001

– Disorganized symptoms 4.6 ±   3.9 0.3 ±   0.6 U = 237.0 p < .001

– General symptoms 6.2 ±   4.1 0.5 ±   1.2 U = 216.5 p < .001

BSABS-P Total 21.6 ±   14.5 0.9 ±   1.3 U = 361.5 p < .001

– Cognitive disturbances 12.9 ±   8.3 0.7 ±   1.0 U = 120.5 p < .001

– Perceptual disturbances 7.6 ±   7.3 0.2 ±   0.5 U = 153.0 p < .001

– Motor Disturbances 1.4 ±   2.2 0.0 ±   0.0 U = 729.0 p < .001

SPQ Total 39.7 ±   19.7 13.2 ±   10.8 U = 486.0 p < .001

– Positive schizotypy 14.6 ±   8.3 4.4 ±   4.7 U = 418.0 p < .001

– Negative schizotypy 16.0 ±   9.4 7.0 ±   6.2 U = 612.0 p < .001

– Disorganization 9.1 ±   5.4 1.9 ±   2.1 U = 365.5 p < .001

GAF score 57.5 ±   14.8 93.2 ±   8.0   U = 76.5 p < .001

N % N %

Male 33 61.1 27 50.0 1.35 =²א p = .245

Right-handed 49 90.7 48 88.9 88. =²א p = .645

Any Medication

Antipsychotic

Antidepressant

Others

24

12

11

10

44.4

22.2

20.4

18.5

Prodromal state criteria

attenuated positive symptoms 48 80.0

brief or intermittent 
psychotic symptoms   

2 3.3

genetic risk + reduced 
functioning

1 1.7

basic symptoms 28 46.7

SIPS=Structured Interview for Prodromal Symptoms; BSABS-P=Bonn Scale for the Assessment of Basic 
Symptoms-Prediction list; SPQ=Schizotypal Personality Questionnaire, GAF=Global Assessment of Functioning
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In sum, our results do not support the presence of structural brain changes in young 
adolescents at clinical high-risk for psychosis. They suggest that brain changes pre-
ceding psychosis may only onset later developmentally or be secondary to prodromal 
symptoms. Alternatively, changes may be too subtle to detect in adolescents, due 
to limitations of morphometric imaging techniques. Longitudinal imaging studies are 
needed to provide further insight into the developmental aspects of prepsychotic 
symptoms and their relationship to structural brain changes. Furthermore, they will 
permit the investigation of possible differential neurodevelopmental trajectories (Shaw 
et al., 2008) in high-risk adolescents.

procedures at this age (Wood et al., 2008). Other imaging techniques such as diffusion 
weighted MRI (DeLisi et al., 2006; Hoptman et al., 2008), or cortical pattern matching 
(Sun et al., 2009) may provide more sensitive measures to detect early changes. 
Intriguingly, a few MRI-studies have examined young cohorts with established psy-
chosis and have already shown brain changes in early adolescence (for a review see 
Arango et al., 2008). This suggests that at onset of psychosis an exacerbation of exist-
ing neuropathological changes may take place or that additional mechanisms may be 
affected, causing a more pronounced change of brain tissue than in the prodromal 
phase.
 In this light it would be relevant to compare individuals where transition to psycho-
sis takes place to those where it does not. However, the number of transitions (n = 7; 
14%) was too low in this study, to allow for such comparisons. A possible explanation 
for our low conversion rate may be that our subjects are relatively unexposed to envi-
ronmental risk factors associated with psychosis, such as unemployment, social isola-
tion and cannabis (Reininghaus et al., 2008; van Os et al., 2005). All subjects were still 
receiving some type of formal education at the time of assessment and/or were living 
with at least one parent/caretaker. 
 Although this study includes a relatively large cohort of young adolescents at risk 
for psychosis, there are several limitations that should be considered in interpreting 
the results. First, our cohort includes a different type of high-risk subject than those 
typically included in other studies: Our group consisted of young adolescents of whom 
most had already sought help (Sprong et al., 2008), while most UHR cohorts do not 
have a history of contact with the mental health services. Accordingly, a relatively high 
percentage of our subjects was already using some form of psychotropic medication 
(44.4%), half of whom were using antipsychotic drugs. Antipsychotic medication was 
primarily prescribed for impulse-regulation problems. It is important to note that our 
medicated subjects still met UHR inclusion criteria. However, it is possible that some 
of their symptoms were ameliorated as a result of their medication. Other studies have 
reported on largely unmedicated samples. Nonetheless, our inclusion criteria conform 
to those used by others (Simon et al., 2006) and therefore the phenotype is more or 
less comparable to other UHR studies in the literature. If medication has a protective 
effect in (pre-)psychosis, this may be reflected in our findings, although analyses in-
cluding medication as a covariate did not confirm this: they yielded similar results to 
the overall analyses.
 Second, our UHR sample included a subgroup of subjects with a diagnosis of PDD-
NOS, MCDD subtype (35% of our UHR sample). The inclusion of these subjects could 
theoretically have introduced a sample bias. However, these individuals met full crite-
ria for UHR and separate analysis of their data yielded results similar to the overall find-
ings. As such, it seems unlikely that the inclusion of this group explains our results.
 Finally, our groups were not matched for IQ, although both groups scored well within 
the normal range (85-115). Interestingly, IQ has been found to decline premorbidly in 
schizophrenia (Caspi et al., 2003). On average, converters in our study did show lower IQ 
scores at baseline (8 points), but this did not reach significance due to limited power. 
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abstract

Background: Ultra-high risk for psychosis has been associated with widespread structural brain changes in 

young adults. The onset of these changes and their subsequent progression over time are not well understood. 

Methods: Rate of brain change over time was investigated in 43 adolescents at ultra-high risk for psychosis 

compared to 30 healthy controls. Brain volumes (total brain, gray matter, white matter, cerebellum, ventricles), 

cortical thickness and voxel-based morphometry were measured at baseline and at follow-up (two years post-

baseline) and compared between UHR individuals and controls. Post hoc analyses were done for UHR individu-

als who became psychotic (n = 8) and those who did not (n = 35). Results: Ultra-high risk individuals showed a 

smaller increase in cerebral white matter over time than controls and more cortical thinning in the left middle 

temporal gyrus. Post hoc, a more pronounced decrease over time in total brain and white matter volume was 

found for ultra-high risk individuals who became psychotic relative to controls and a greater decrease in total 

brain volume than individuals who were not psychotic. Furthermore, high-risk individuals with subsequent 

psychosis displayed more thinning than controls in widespread areas in the left anterior cingulate, precuneus 

and temporo-parieto-occipital area. Volume loss in the individuals who developed psychosis could not be 

attributed to medication use. Conclusion: The development of psychosis during adolescence is associated 

with progressive structural brain changes around the time of onset. These changes cannot be attributed to 

(antipsychotic) medication use and are therefore likely to reflect a pathophysiological process related to clinical 

manifestation of psychosis. 
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Interestingly, the age range of UHR individuals across study sites varies considerably 
(mean age range: 15.8 - 27.9 years) with a majority of studies including both adoles-
cent and adult individuals. However, differential maturational trajectories for various 
brain regions have previously been identified (Shaw et al., 2008; Sowell et al., 2003) 
and should be taken into account when interpreting disorder-related brain changes 
during adolescence. For example, individuals with early onset schizophrenia (defined 
as onset prior to age 18) show less pronounced changes in brain areas that are af-
fected in childhood onset (defined as onset prior to age 13) and adult schizophrenia 
populations, suggesting that a process unique to adolescent development may be 
involved (Arango et al., 2008). Additionally, in an earlier MRI study (Ziermans et al., 
2009), we found no evidence for structural changes in adolescents at risk for psychosis 
between the ages of 12 and 18, contrary to earlier findings in older populations.
 In the current study, we tracked brain development longitudinally in a sample of 
adolescents at ultra-high risk for psychosis. The primary objective was to investigate 
the rate of brain change between these individuals and typically developing adoles-
cents. Individuals were assessed with anatomical MRI scanning twice with a two-year 
interval and three complementary methods were used to analyze the data: region of 
interest (ROI), voxel-based morphometry (VBM) and cortical thickness. Posthoc analy-
ses were performed for individuals who had developed psychosis (UHR-P) and those 
who had not (UHR-NP) over the two-year follow-up period. 

We hypothesized that clinical high-risk for psychosis would be associated with in-
creased gray matter loss and reduced white matter growth over the two-year interval 
compared to controls, in particular in frontal and temporal areas. 

mEthoDs 

Design
This study is part of the Dutch Prediction of Psychosis Study, a longitudinal project 
that was approved by the Dutch Central Committee on Research Involving Human 
Subjects. At baseline (T1), all individuals were between 12 and 18 years of age and 
were included after informed consent was given. Individuals younger than 16 years 
of age signed for assent, while their parents signed for consent. Individuals aged 16 
years or older signed for informed consent themselves. MRI scans were acquired at 
T1 and follow-up (T2), after two years. Clinical status was evaluated at three follow-up 
assessments (9, 18 and 24 months after inclusion), to determine possible transition to 
psychosis according to criteria of the Structured Interview for Prodromal Symptoms 
(SIPS) (McGlashan et al., 2001). All assessments were performed at University Medical 
Center Utrecht in Utrecht, the Netherlands. 

IntroDuctIon

Although it is now widely accepted that psychosis is accompanied by structural brain ab-
normalities, the debate about the timing and progressive nature of these abnormalities is 
ongoing (Pantelis et al., 2005). Recent findings suggest that early brain changes are likely 
to develop simultaneously with behavioral alterations around the time of disease onset 
(Lawrie et al., 2008; Pantelis et al., 2009; Wood et al., 2009). However, to understand the 
pathophysiological nature of these changes, it is important to monitor individuals at ele-
vated risk for psychosis over time and compare them with typically developing controls. 
 Individuals at risk for developing psychosis are commonly referred to as being 
at “ultra-high risk” (UHR) for psychosis or having an “at risk mental state” (ARMS). 
Participants are typically included using a “close-in” strategy (McGorry et al., 2003) 
based on a predefined set of sub-threshold, clinical symptoms and are subsequently 
followed-up over time to monitor possible transition to psychosis. In general, transition 
rates are high using this type of design (30-40% within two years) (Olsen & Rosenbaum, 
2006b), permitting the observation of brain changes in close proximity to onset of the 
disease. 
 Over the past decade an increasing number of neuroimaging studies have inves-
tigated potential differences between UHR individuals and typically developing con-
trols in brain structure, predominantly using cross-sectional neuroimaging designs. 
Generally these studies have reported structural brain changes in UHR individuals, 
in particular for individuals who subsequently develop psychosis (Borgwardt et al., 
2007a; Borgwardt et al., 2006; Borgwardt et al., 2007b; Choi et al., 2008; Fornito et 
al., 2008; Garner et al., 2005; Haller et al., 2009; Hurlemann et al., 2008; Jung et al., 
2009; Karlsgodt et al., 2009; Koutsouleris et al., 2009; Meisenzahl et al., 2008; Peters 
et al., 2009; Phillips et al., 2002b; Walterfang et al., 2008a; Witthaus et al., 2008; 
Witthaus et al., 2009; Wood et al., 2005; Yucel et al., 2003). However, several studies 
failed to find such differences in brain structure, including results from the largest 
study to date (135 UHR individuals), investigating total brain and hippocampal vol-
ume (Peters et al., 2008; Takahashi et al., 2008a; Takahashi et al., 2008b; Velakoulis 
et al., 2006; Ziermans et al., 2009). In addition to the cross-sectional studies, six lon-
gitudinal magnetic resonance imaging (MRI) studies have been published (see Table 
1), reporting progressive, accelerated loss of gray matter and reduced white mat-
ter growth in frontal and temporal cortices around the onset of psychosis (Borgwardt 
et al., 2008; Pantelis et al., 2003; Sun et al., 2009; Takahashi et al., 2009a; Takahashi 
et al., 2009b; Walterfang et al., 2008b). However, only two of these studies, focusing 
on regional volumes of the insula and superior temporal gyrus, included typically 
developing controls. Furthermore, the contribution of (antipsychotic) medication to 
the observed brain changes over time remains elusive (Takahashi et al., 2009b). UHR 
individuals are typically unmedicated at baseline and those who become psychotic 
are usually put on an antipsychotic regimen post-onset, but preceding the repeat-
scan. This treatment policy makes it difficult to distinguish between medication- ver-
sus disorder-related effects on the developing brain.
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Participants 
At T1 all UHR individuals were referred to the study by general practitioners or other 
regional psychiatric clinics. Typically developing controls were recruited from second-
ary schools in the region of Utrecht, the Netherlands. Of the 108 participants recruited 
in our original MRI study (Ziermans et al., 2009) (54 UHR, 54 typically developing ado-
lescents), 73 (43 UHR individuals, 30 typically developing adolescents) were included 
at T2. Reasons for discontinuation were: 1) assessments were considered too time 
consuming by the individual (8 UHR individuals, 19 controls), 2) the individual could 
no longer be contacted (3 UHR individuals, 1 control), 3) the individual met exclusion 
criteria at T2 (2 controls), 4) the individual had metal braces that prevented the use of 
a second scan (2 controls). Individuals included at both time points did not differ from 
those who discontinued in terms of their clinical or demographic characteristics.
 Ultra-high risk status was defined by meeting at least one of four criteria for UHR at T1, 
which have previously been published (Ziermans et al., 2009) and are similar to frequently 
used criteria for UHR (Olsen & Rosenbaum, 2006b). Briefly, the first three inclusion criteria 
were assessed using the SIPS: (1) attenuated positive symptoms, (2) brief, limited, or in-
termittent psychotic symptoms, (3) a 30% reduction in overall level of social, occupation-
al/school-, and psychological functioning (i.e., global assessment of functioning (GAF)) 
in the past year, combined with a genetic risk of psychosis. The fourth inclusion criterion 
was assessed using the Bonn Scale for the Assessment of Basic Symptoms-Prediction List 
(Schultze-Lutter, 2002) (BSABS-P): (4) two or more of a selection of nine basic symptoms, 
such as subjective deficits in cognitive, perceptual, and motor functioning. 
 Presence of a psychotic transition during follow-up was determined by use of the 
SIPS. Definition of a psychotic syndrome according to SIPS-standards refers to psychotic 
symptoms of particular intensity (e.g., delusional conviction) and frequency or duration (≥1 
h/d for ≥4 d/wk during the past month) or of particular impact (seriously disorganizing or 
dangerous), designed to operationalize the threshold for a DSM-IV (American Psychiatric 
Association, 1994) Axis I psychotic disorder diagnosis (Cannon et al., 2008). Chart reviews 
were used to retrospectively confirm psychotic transition by clinical expert consensus 
(HvE, PS) and subjects were subsequently diagnosed according to DSM-guidelines.
 Controls were excluded if they met one of the UHR-criteria, if they or a first-degree 
relative had a history of psychiatric disorder, or if they had a second-degree relative 
with a psychotic disorder. Exclusion criteria were assessed using SIPS & BSABS-P inter-
views and (parent) questionnaires. Additionally, both control and UHR individuals were 
excluded if there was evidence for any past or present neurological disorder (e.g., 
epilepsy). Drug- and alcohol abuse were additional exclusion criteria, although UHR 
subjects were permitted a history of drug use, if symptoms had also been present in 
the absence of drugs. Alcohol- and drug use were assessed with sections J and L of 
the Composite International Diagnostic Interview (CIDI; 1993). At T1 no individuals 
reported alcohol-related problems in the last month. Four UHR individuals reported 
frequent use of cannabis in the last month of whom one had also been using psycho-
stimulants. All individuals had a level of verbal intellectual functioning (VIQ) ≥ 75, as 
assessed at T1 using the Wechsler Intelligence Scales (Wechsler, 1997; 2002). 

Table 1. Longitudinal structural MRI studies on subjects with ultra-high risk for psychosis

N = number of participants; sd = standard deviation; UHR-P = ultra-high risk patients who developed psychosis;  
UHR-NP = ultra-high risk patients who did not develop psychosis; m = male; T1 = baseline assessment; T2 = repeated 
assessment; VBM = voxel-based morphometry; GM = gray matter; (L) = left; (R) = right; (L+R) = left and right; WM = white 
matter; FEP = patients with first episode psychosis; ROI = region of interest; STG = superior temporal gyrus.

Authors N Gender Age (sd) Measures 
of interest

Results

Melbourne, Australia

Pantelis et al. 
(2003)

10 UHR-P    
 
11 UHR-NP

m = 30% 
 
m = 36%

T1: 18.9 (4.5) 
T2: 20.0 (4.5) 
T1: 20.5 (3.7) 
T2: 22.3 (4.0)

VBM:  
GM

- UHR-P < baseline in: 
cerebellum (L) cingulate gyrus 
(L+R), parahippocampal/ 
fusiform gyri (L), orbital frontal 
cortex (L)

-  UHR-P > baseline in: cuneus (R)
-  UHR-NP < baseline in: 

cerebellum (L)

Walterfang et al.
(2008)

10 UHR-P   

11 UHR-NP

m = 30%

m = 36%

T1: 18.9 (4.5) 
T2: 20.0 (4.5) 
T1: 20.5 (3.7) 
T2: 22.3 (4.0)

VBM: 
WM

-  UHR-P < baseline in: fronto-
occipital fasciculus (L)

-  UHR-P > baseline in: posterior 
cerebellum (L+R)

-  UHR-NP > baseline in: 
posterior cerebellum (L)

Sun et al.
(2009)

12 UHR-P

23 UHR-NP

m = 58%

m = 52%

T1: 19.5 (5.1)
T2: 20.7 (5.2)
T1: 20.2 (4.0)
T2: 21.6 (4.0) 

Cortical 
Pattern 
Matching:
brain 
surface 
contraction

-  UHR-P > UHR - NP in : 
prefrontal region (R)

Takahashi et al.
(2009)

12 UHR-P

23 UHR-NP

23 FEP

22 controls

m = 58%

m = 52%

m = 70%

m = 55%

T1: 19.5 (5.1)
T2: 20.7 (5.2)
T1: 20.2 (4.0)
T2: 21.6 (4.0) 
T1: 21.6 (3.5)
T2: 23.6 (4.0)
T1: 22.0 (4.7)
T2: 24.1 (4.9)

Volumetric 
ROI: 
STG

-  FEP & UHR-P < UHR-NP & 
controls in: %GM reduction 
of planum polare, planum 
temporale and caudal STG

-  FEP < all groups in: %GM 
reduction of Heschl gyrus (L)

Takahashi et al.
(2009)

11 UHR-P

20 UHR-NP

20 controls

m = 55%

m = 55%

m = 60%

T1: 19.5 (5.3)
T2: 20.7 (5.4)
T1: 20.3 (4.3)
T2: 27.7 (4.3)
T1: 21.6 (4.7)
T2: 23.7 (5.0)

Volumetric 
ROI: 
GM insular 
cortex 

- UHR-P > UHR-NP & controls in: 
% GM reduction

Basel, Switzerland

Borgwardt et al.
(2008)

10 UHR-P

10 UHR-NP

m = 70%

m = 58%

T1: 25.2 (6.7)
T2: 28.1 (6.5)
T1: 24.2 (6.1)
T2: 28.3 (6.4) 

VBM:
GM

-  UHR-P < baseline in: 
orbitofrontal, superior frontal, 
inferior temporal, medial & 
superior parietal cortex
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Group characteristics for UHR individuals and controls are listed in Table 2. In total, 
seven of 43 (16%) UHR individuals had experienced a psychotic transition at T2. 
An additional individual was considered borderline psychotic at T2 assessment 
and showed further clinical deterioration until ten months after the second scan, as 
reported by his caregivers and mental health specialists. After careful evaluation, 
this individual was considered psychotic according to research criteria at that 
time and was added to the group of converters in the statistical analyses. DSM-IV 
diagnoses were as follows: 295.10 schizophrenia, disorganized type (n = 1), 295.30 
schizophrenia, paranoid subtype (n = 3), 295.70 schizoaffective disorder (n = 1), 
296.04 bipolar I disorder (n = 1), delusional disorder 297.1 (n = 1), 298.9 psychosis – 
not otherwise specified (n = 1). Details about medication use are given in Table 3.

MRI acquisition and processing
For all subjects, MRI data were acquired on one Philips Gyroscan (Philips Medical 
Systems, Best, the Netherlands) operating at 1.5 Tesla. For volumetric measurements 
T1-weighted 3D fast-field echo scans with 1.5 mm contiguous coronal slices of the 
whole head (TE 4.6 ms; TR 30 ms; flip angle 30°; FOV 256 mm; in plane voxel size, 1 
mm2) and T2-weighted dual-echo turbo spin-echo scans with 3.0 mm contiguous coro-
nal slices (TE1 14 ms; TE2 80 ms; TR 6350 ms; flip angle 90°; FOV, 256 mm; in plane 
voxel size 1 mm2) were acquired. In addition, T2-weighted dual echo turbo spin echo 
scans with 17 axial 5 mm slices and a 1.2 mm gap (TE1 9 ms, TE2 100 ms, flip angle 
90º, FOV 250 mm, in plane voxel size 0.98 mm x 0.98 mm) were acquired for clinical 
neurodiagnostic evaluation. Both the scanner and scan sequences were identical at T1 
and T2 assessments.

Volumetric measurements
MRI scans were coded to ensure rater blindness to subject identity and diagnosis. The 
processing pipeline has been described previously (Durston et al., 2004) and included 
semi-automated assessment of individual intracranial templates from the T2-weighted 
scans, which were then used as a mask to extract semi-automated volumes for total 
brain (TB), lateral ventricles and cerebellum, as well as fully automated assessment 
of gray (GM) and white matter (WM) volumes from the non-uniformity corrected T1-
weighted images (Schnack et al., 2001a; Schnack et al., 2001b; Sled et al., 1998). For 
all measures, volume at T1 was subtracted from volume at T2 and divided by the scan 
interval to compute change in volume per year. 

Table 2: Demographics and symptom scores for controls and ultra-high risk subjects, separated into subgroups 
with and without transition 

Control 

subjects

(n = 30)

UHR 

subjects 

(n = 43)

UHR-NP

(n = 35)

UHR-P

(n = 8)

Control vs UHR Control vs  

UHR-NP vs UHR-P

Sex, M/F (%M) 15/15 (50) 29/14 (67) 22/13 (63) 7/1 (88) χ2 = 2.25, p = .13 χ2 = 3.90, p = .14

Handedness, R/L/M 

(%R)

26/2/2 (87) 38/3/2 (88) 31/2/2 (89) 7/1/0 (88) χ2 = 0.39, p = .97 χ2 = 1.13, p = .92

Premorbid IQ 110.0 (13.2) 101.8 
(13.4) 

103.5 (13.5) 94.4 (11.1) F = 6.61, p = .01 F = 4.94, p = .01a

Parental education b 14.5 (2.3) 13.7 (2.0) 13.9 (2.0) 12.9 (1.8) F = 1.74, p = .16 F = 1.89, p = .18

Height T1, cm c 173.6 (9.2) 173.5 
(11.0)

172.3 (11.2) 177.6 (9.9) F = 0.00, p = .96 F = 0.85, p = .43

Height T2, cm d 176.3 (9.2) 178.3 
(11.2)

177.4 (11.2) 182.4 (10.7) F = 0.65, p = .42 F = 1.08, p = .35

Age at T1 scan, y 15.9 (1.4) 15.6 (2.2) 15.3 (2.1) 16.8 (2.2) F = 0.55, p = .46 F = 2.22, p = .12

Age at T2 scan, y 18.0 (1.4) 17.6 (2.2) 17.3 (2.1) 18.8 (2.2) F = 0.67, p = .38 F = 2.51, p = .12

Days between scans 742 (58) 723 (73) 720 (76) 738 (59) F = 1.43, p = .24 F = 0.93, p = .40

Age at onset, y NA NA NA 17.7 (2.6) NA NA

Days between onset 

and T1 scan

NA NA NA 358 (283) NA NA

Days between onset e

and T2 scan

NA NA NA 478 (168) NA NA

SIPS total score at 

intake

1.4 (1.8) 24.7 (12.9) 23.1 (12.9) 31.6 (10.6) U = 0.0, p<.001 χ2 = 54.52, p<.001g,h

SIPS total score at 

follow-up

3.3 (3.7) 17.0 (10.9) 14.9 (9.5) 25.9 (12.2) U = 124.5, p<.001 χ2 = 36.86, p<.001g,h

BSABS total score at 

intakef

1.0 (1.4) 20.5 (15.2) 19.6 (13.8) 24.3 (21.6) U = 30.0, p<.001 χ2 = 46.73, p<.001g

BSABS total score at 

follow-up

0.6 (0.8) 6.4 (9.2) 4.8 (6.8) 13.3 (14.7) U = 258.5, p<.001 χ2 = 25.95, p<.001g,h

GAF-score at intake 93.3 (6.7) 59.0 (15.2) 59.0 (15.4) 58.8 (15.3) U = 30.5, p<.001 χ2 = 47.99, p<.001g,h

GAF-score at follow-up 89.7 (8.3) 61.2 (11.6) 62.9 (11.3) 53.4 (9.7) U = 0.0, p<.001 χ2 = 47.52, p<.001g

Medication T1, n (%)

– any

– atypical antipsychotic

– mood stabilizer

– psychostimulant

– anxiolytic

– other

NA 21 
10 (23)
9 (21)
6 (14)
3 (7)
3 (7)

19 
0 (29)
7 (20)
6 (17)
2 (6)
3 (9)

2
0 (0)
2 (25)
0 (0)
0 (0)
0 (0)

NA χ2 = 2.24, p<.14 i

χ2 = 2.98, p<.08 i

χ2 = 0.10, p<.75 i

χ2 = 1.59, p <.21i

χ2 = 0.46, p<.50 i

χ2 = 0.74, p<.39 i

Medication T2, n (%)

– any

– atypical antipsychotic

– mood stabilizer

– psychostimulant

– anxiolytic

– other

NA 21
9 (21)
9 (21)
8 (19)
0 (0)
3 (7)

18
7 (20)
7 (20)
8 (23)
0 (0)
2 (6)

3
2 (25)
2 (25)
0 (0)
0 (0)
1 (13)

NA χ2 = 0.51, p<.48 i

χ2 = 0.10, p<.75 i

χ2 = 0.10, p<.75 i

χ2 = 2.25, p<.13 i

NA
χ2 = 0.46, p<.50 i

Abbreviations: UHR = ultra-high risk (total group); UHR-NP = ultra-high risk without psychotic transition; UHR-P = ultra-
high risk with psychotic transition; M/F = male/female; R/L/M = right/left/mixed; cm = centimetres; y = years; NA = 
not applicable; SIPS = Structured Interview for Prodromal Symptoms; BSABS= Bonn Scale for the Assessment of Basic 
Symptoms; GAF= Global Assessment of Functioning.  

a post hoc comparisons significant for control subjects versus UHR-P subjects: p<.01; b data not available for 1 
control subject; c data not available for 2 controls subjects and 5 UHR-NP subjects; d   data not available for 2 
UHR-NP; e data displayed for 7 subjects with transition diagnosed between T1 and T2; f data not available for 2 
UHR-NP subjects and 1 UHR-P; g post hoc comparisons significant for controls versus UHR-NP and UHR-P: p<.001; 
h post hoc comparisons significant for UHR-NP and UHR-P: p<.05; i comparisons for UHR-NP vs UHR-P only 
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Cortical thickness
Cortical thickness was assessed with a customized version of the CLASP-algorithm 
using the GM/WM segments from our pipeline as inputs (Kim et al., 2005; Lerch et 
al., 2008). A 3D surface comprising 81,920 polygons and 40,962 vertices was fitted 
to the WM/GM intersection, which created the inner surface of the cortex. This was 
done separately for scans at T1 and T2. To create the outer cortical surface, the inner 
surface was expanded to fit the gray matter/cerebrospinal fluid intersection. Cortical 
thickness was estimated by taking the distance between the two surfaces so that each 
polygon vertex on the outer surface had a counterpart on the inner surface. For each 
subject the cortical thickness was calculated for every vertex and smoothed across the 
surface using a 20 mm surface-based blurring kernel (Chung, 2004). This improved the 
chances of detecting population differences, while following the curvature of the sur-
face to preserve any anatomical boundaries within the cortex. Surfaces were registered 
to an average surface created from 152 subjects (ICBM; Lyttelton et al., 2007), allowing 
for local comparisons between subjects. Cortical thickness values for T2 and T1 were 
subtracted from each other and divided by the scan interval to compute change in 
thickness per year.

Voxel-based Morphometry
GM and WM segments were blurred using a 3D Gaussian kernel (FWHM = 8 mm), for 
T1 and T2 separately. The voxel values of these blurred GM and WM segments reflect 
the local presence, or concentration, of GM and WM, respectively. In order to compare 
brain tissue at the same anatomical location in all subjects, the GM and WM segments 
were transformed into a standardized coordinate system. These transformations were 
calculated in two steps. First, the T1-weighted images were linearly transformed to a 
model brain, the previously determined ‘most average’ brain (Hulshoff Pol et al., 2001). 
In this linear step a joint entropy mutual information metric was optimized (Maes et al., 
1997). In the second step nonlinear (elastic) transformations were calculated to register 
the linearly transformed images to the model brain up to a scale of 4 mm (FWHM), 
thus removing global shape differences between the brains, but retaining local dif-
ferences. For this step the program ANIMAL (Collins, 1995) was used. GM and WM 
density difference maps were calculated by subtracting each subject’s density map at 
T1 from the density map at T2. Finally, the density difference maps were resampled to 
voxels of size 2 x 2 x 2.4 mm3. 

statIstIcal analysIs

All measures were analyzed in two-group comparisons (controls vs UHR). Post hoc 
tests were performed for each pair of groups separately (controls vs UHR-P, controls 
vs UHR-NP and UHR-NP vs UHR-P), using dummy-variables. All clinical and volumetric 
variables were checked for normality and homogeneity of variance. If assumptions 
for normality and homogeneity were not met, non-parametric statistics were applied. 

Table 3: Psychotropic medication use specified for ultra-high risk individuals at baseline and follow-up 

Sex Age T1 Age T2 Medication T1 MedicationT2

UHR-NP

female 12.3 14.1 Citalopram 20 mg Citalopram 80 mg

female 12.4 14.8 Risperidone 0.5 mg

female 14.2 16.2

female 14.6 16.7

female 15.7 17.8

female 15.8 17.8 Atomoxetine 60 mg

female 16.0 18.1

female 16.1 18.0

female 16.7 18.5 Citalopram20 mg Citalopram 10 mg

female 16.8 18.8

female 17.7 19.6 Pimpamperone 40 mg, Paroxetine 30mg Pimpamperone 40 mg, Citalopram 
40 mg

female 17.9 19.9 Fluoxetine 20 mg Clomipramine 125 mg

female 18.4 20.3 Fluoxetine 20 mg

male 12.3 14.3 Risperidone 1.5 mg Risperidone 1.5 mg

male 12.3 14.6 Risperidone 1.5 mg Risperidone 1 mg

male 12.4 14.4

male 12.5 14.5 Carbamazepine 200 mg Methylphenidate 40 mg 

male 12.9 14.8 Fluoxetine 7 mg, Methylphenidate 28 mg Fluoxetine 13 mg, Methylphenidate 
18 mg

male 13.3 15.3

male 13.3 15.4

male 13.8 15.9 Risperidone 1 mg, Methylphenidate 30 mg Methylphenidate 25 mg

male 14.4 16.4 Risperidone 4 mg, Methylphenidate 20 mg Risperidone 2.5 mg, Methylphenidate 
30 mg

male 14.5 16.0

male 14.5 16.7 Olanzapine 5 mg Olanzapine 5 mg

male 14.7 16.5 Methylphenidate 40 mg

male 14.7 16.5 Risperidone 1.5 mg Risperidone 1.5 mg

male 15.5 17.5

male 15.6 17.9 Methylphenidate 54 mg Methylphenidate 54 mg 

male 15.7 17.6 Risperidone 2 mg Olanzapine 5 mg, 
Fluoxetine 20 mg

male 17.2 19.0 Methylphenidate 20 mg

male 18.1 19.7

male 18.1 19.9

male 18.1 20.2 Pimpamperone 40 mg, Methylphenidate 
54 mg

Pimpamperone 10 mg, 
Methylphenidate 63 mg 

male 18.5 20.4 Venlafaxine 75 mg Venlafaxine 75 mg

male 19.6 21.1

Sex Age T1 Age T2 Medication T1 MedicationT2

UHR-P

female 13.9 16.0 Quetiapine 50 mg, Valproic Acid 600 mg, 
Domperidone 10 mg 

male 14.2 16.1

male 16.9 18.7

male 17.1 19.4 Lithium 1600 mg

male 17.1 19.4

male 18.2 20.4 Clomipramine 150mg Aripiprazole 3.75 mg

male 19.3 21.4

male  19.4 21.5 Citalopram 30 mg
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lower only in UHR-P individuals compared to controls (p = .01). Additionally, the UHR-P 
group reported higher SIPS-scores at T1 and T2, higher BSABS-scores at T2 and lower 
GAF-scores at T2 than the UHR-NP group (p < .05). Amount of medication use did not 
differ statistically between UHR-NP and UHR-P groups, although antipsychotic medi-
cation intake at T1 appeared more common in the UHR-NP (n = 10, p = .08), as none 
of the UHR-P individuals were using antipsychotics at T1.  

Volumetric measures
Absolute volumes and relative change over time are listed in Table 4. At T1 there were 
no volumetric differences between groups, although the difference in intracranial vol-
ume between UHR-P and UHR-NP individuals almost reached significance (F = 3.70, 
P < .062). Volumetric change over time of TB, GM, lateral ventricles and cerebellum, 
did not differ between UHR individuals and controls. For WM, UHR individuals were 
found to have a reduced increase in cerebral WM compared to controls (t = -2.04, p = 
.046). Post hoc analyses showed that there was a greater TB volume loss per year for 
the UHR-P group compared to the UHR-NP (t = -4.02, p < .001) and control group (t 
= -2.80, p = .009; Figure 1). Additionally, there was a decrease over time in WM vol-
ume for UHR-P relative to controls (t = -2.91, p = .007), but no difference for UHR-NP 
compared to controls. Group results for TB and WM were the same for both hemi-
spheres (all p < .01), except for TB change in the right hemisphere, which did not dif-
fer between the control group and the UHR-P group. For gray matter and cerebellum 
volumes, change over time did not differ between groups. Lateral ventricles increased 
more for UHR-P compared to controls (t = 3.27, p = .003), but this group difference 
disappeared after removing one extreme outlier (> 3 standard deviations from the 
mean) in the UHR-P group.

Figure 1: Change in total brain (left panel) and white matter (right panel) volume per year for controls, 
ultra-high risk individuals without psychosis (UHR-NP) and with psychosis (UHR-P). Individual data and 
group means are shown. See page 123 for a color version of  this figure.

Multicollinearity was checked for all regression variables and there was no indication 
that this had a confounding effect in the applied regression models. 

Socio-demographic and clinical variables
Chi-square tests and analysis of variance (ANOVA) were used to assess differences be-
tween groups in socio-demographic variables. Clinical variables were compared using 
non-parametric tests (Mann-Whitney and Kruskal-Wallis). Results were considered to 
be statistically significant at α = 0.05, two-tailed.

Volumetric measures
All volumetric brain measures at T1 were compared between groups using ANCOVA, 
to check whether groups were representative of the sample in our previous study 
(Ziermans et al., 2009). For all measures, volume at T1 was subtracted from volume at 
T2 and divided by the scan interval to compute change in volume per year. Change 
over time was analyzed by means of linear regression. Any outliers, defined as mea-
sures with a value of more than two standard deviations from the mean, were removed 
from the analyses. Age at T1, intracranial volume at T1, sex, handedness and total 
IQ were entered as covariates and group as an independent predictor. Results were 
considered to be statistically significant at α = 0.05, two-tailed. A more strict alpha  
α = 0.01 was applied for post hoc analyses to correct for multiple comparisons. 

Cortical thickness and voxel-based morphometry measures
To evaluate differences in cortical thickness over time, a vertex-by-vertex analysis was 
carried out. Group differences were calculated using linear regression with age at T1, 
sex, handedness, total IQ as covariates and group as an independent predictor. This 
produced F-statistics at each vertex for all variables. Statistical maps were created for 
the left and right hemisphere separately. Critical F-values were determined for each 
group comparison after a correction for multiple comparisons was carried out accord-
ing to the false discovery rate (α = 0.05, two-tailed), allowing for an overall 5% chance 
of false positives (Genovese et al., 2002). The statistical procedure for voxel-based 
measures (VBM) was similar to the cortical thickness procedure, only here analysis was 
carried out per voxel for GM and WM density maps of the whole brain and statistical 
thresholds were determined by critical t-values. Only clusters of five or more neighbor-
ing voxels reaching statistical threshold were considered of interest.

rEsults

Socio-demographic and clinical variables
Groups were matched for sex, handedness, age, height and time between scans (Table 
2). IQ scores were higher in the control group compared to the UHR group (p = .01). 
UHR individuals scored higher on SIPS symptom-scales and lower on GAF-scores than 
controls at T1 and T2 (p < .001). Post hoc comparisons showed that IQ scores were 
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Cortical thickness
There were no differences in cortical thickness between groups at T1. Over time corti-
cal thickness decreased more in UHR-individuals than in controls in an area located at 
the caudal part of the left middle temporal gyrus, reaching a statistical threshold of  
F = 20.86. Post hoc, more thinning was found for UHR-P than controls in widespread 
areas in the left ACC, precuneus and parts of the temporo-parieto-occipital area, 
(Brodmann Areas 21, 22, 37, 39), including caudal parts of the receptive speech area 
in the superior temporal gyrus (Fmin = 8.96, Fmax = 40.35; see Figure 2). This was not 
found for UHR-NP versus controls. 

Figure 2: Cortical thinning in the left hemisphere for ultra-high risk individuals with psychosis 
compared to typically developing controls, controlled for age, sex, handedness and total IQ. The critical 
F-value was 8.96. Boxes illustrate mean standardized residuals for all groups ± standard errors for peak 
vertices in anterior cingulate cortex (left) and middle temporal gyrus (right). See page 123 for a color 
version of  this figure.

Voxel-based morphometry
There were no differences in gray or white matter density at T1, nor in change over 
time between T2 and T1. 

DIscussIon

We report the outcome of a two-year longitudinal, structural MRI study in a large 

C
on

tr
ol

 s
ub

je
ct

s
(n

 =
 3

0)
U

H
R

(n
 =

 4
3)

p
U

H
R-

N
P

(n
 =

 3
5)

U
H

R-
P

(n
 =

 8
)

C
on

tr
ol

s
vs U

H
R-

N
P

C
on

tr
ol

s
vs U

H
R-

P

U
H

R-
N

P
vs U

H
R-

P

In
tr

ac
ra

ni
um

 
– 

T1
 -

 b
as

el
in

e
14

96
.5

0 
(1

18
.9

3)
14

90
.5

1 
(1

20
.7

9)
p

 =
 .5

00
14

72
.7

4 
(1

08
.7

0)
15

68
.2

5 
(1

47
.1

8)
p

 =
 .3

16
p

 =
 .1

58
p

 =
 .0

62

W
ho

le
 B

ra
in

– 
T1

 -
 b

as
el

in
e

13
71

.7
2 

(1
05

.0
1)

13
61

.5
4 

(1
16

.1
1)

p
 =

 .7
95

13
48

.0
5 

(1
08

.9
7)

14
20

.5
6 

(1
35

.3
0)

p
 =

 .8
32

p
 =

 .9
91

p
 =

 .7
04

– 
T2

 -
 fo

llo
w

-u
p

13
56

.7
4 

(1
03

.2
9)

13
50

.0
0 

(1
17

.8
0)

13
41

.7
4 

(1
07

.8
9)

13
86

.1
8 

(1
57

.7
5)

 

– 
%

 c
ha

ng
e 

/ 
ye

ar
-0

.5
2 

(0
.9

1)
-0

.4
5 

(0
.8

4)
p

 =
 .8

14
-0

.2
6 

(0
.6

6)
-1

.2
8 

(1
.1

8)
p

 =
 .6

84
p
 =

 .
0

0
9

p
 <

 .
0

0
1

C
er

eb
ra

l g
re

y 
m

at
te

r

– 
T1

 -
 b

as
el

in
e

75
3.

73
 (6

3.
62

)
74

7.
17

 (6
9.

61
)

p
 =

 .4
78

73
9.

19
 (6

4.
81

)
78

2.
12

 (8
3.

42
)

p
 =

 .3
92

p
 =

 .4
27

p
 =

 .8
00

– 
T2

 -
 fo

llo
w

-u
p

 a
72

5.
57

 (5
8.

00
)

73
3.

43
 (7

2.
11

)
72

8.
72

 (6
9.

19
)

75
4.

03
 (8

5.
76

)

– 
%

 c
ha

ng
e 

/ 
ye

ar
-1

.7
7 

(1
.3

1)
-0

.9
5 

(1
.8

9)
p

 =
 .1

49
-0

.7
3 

(1
.8

4)
-1

.8
4 

(1
.6

8)
p

 =
 .0

61
p

 =
 .6

91
p

 =
 .0

36

C
er

eb
ra

l w
hi

te
 m

at
te

r

/ 
T1

 -
 b

as
el

in
e

45
3.

14
 (4

8.
35

)
44

9.
06

 (5
3.

44
)

p
 =

 .6
64

44
4.

43
 (5

0.
78

)
46

9.
29

 (6
3.

52
)

p
 =

 .5
34

p
 =

 .6
11

p
 =

 .5
06

– 
T2

 -
 fo

llo
w

-u
p

 a
46

4.
48

 (4
5.

10
)

45
2.

40
 (5

1.
00

)
44

9.
23

 (4
6.

50
)

46
6.

29
 (6

9.
50

)

– 
%

 c
ha

ng
e 

/ 
ye

ar
1.

68
 (1

.9
9)

0.
35

 (2
.6

3)
p
 =

 .
0

4
6

0.
64

 (3
.0

0)
-0

.3
3 

(2
.0

1)
p

 =
 .0

76
p
 =

 .
0

0
7

p
 =

 .6
17

C
er

eb
el

lu
m

– 
T1

 -
 b

as
el

in
e

15
3.

46
 (1

4.
67

)
15

3.
56

 (1
3.

25
)

p
 =

 .9
13

15
2.

74
 (1

2.
71

)
15

7.
11

 (1
5.

83
)

p
 =

 .8
51

p
 =

 .4
23

p
 =

 .6
38

– 
T2

 -
 fo

llo
w

-u
p

15
1.

61
 (1

4.
41

)
15

2.
84

 (1
3.

58
)

15
2.

50
 (1

2.
89

)
15

4.
34

 (1
7.

22
)

– 
%

 c
ha

ng
e 

/ 
ye

ar
-0

.5
7 

(1
.0

4)
-0

.2
5 

(1
.0

7)
p

 =
 .3

97
-0

.1
0 

(1
.0

6)
-0

.9
1 

(1
.0

2)
p

 =
 .3

15
p

 =
 .8

19
p

 =
 .1

08

La
te

ra
l v

en
tr

ic
le

s

– 
T1

 -
 b

as
el

in
e

11
.2

2 
(1

1.
38

)
12

.7
3 

(7
.0

7)
p

 =
 .6

24
12

.4
5 

(7
.5

6)
13

.9
9 

(4
.5

0)
p

 =
 .5

58
p

 =
 .8

31
p

 =
 .6

04

– 
T2

 -
 fo

llo
w

-u
p

11
.5

8 
(1

1.
09

)
13

.6
3 

(7
.7

6)
13

.1
5 

(8
.3

0)
15

.7
8 

(4
.4

6)

– 
%

 c
ha

ng
e 

/ 
ye

ar
1.

66
 (5

.0
3)

3.
53

 (6
.3

6)
p

 =
 .1

12
2.

60
 (4

.3
2)

7.
26

 (9
.1

4)
p

 =
 .2

06
p
 =

 .
0

0
3

p
 =

 .0
53

a  d
at

a 
no

t 
av

ai
la

b
le

 fo
r 

2 
co

nt
ro

l s
ub

je
ct

s

Table 4: Means and standard deviations of  absolute brain volumes in cubic centimetres at baseline, 
follow-up and the annual change in percentage 
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and white matter changes over time in particular in (pre-)frontal, temporal and parietal 
cortices (Borgwardt et al., 2008; Pantelis et al., 2003; Sun et al., 2009; Walterfang, 
McGuire et al., 2008). However, the interpretation of these studies was hampered 
by the fact that they failed to include typically developing control subjects. Our re-
sults therefore suggest that the previously reported changes in gray and white matter 
around the time of onset of psychosis are indeed different from those seen during nor-
mal development and may therefore be attributed to the development of psychosis. 
 The presence of structural brain changes associated with the onset of psychosis 
supports the notion that brain changes take place at an early stage of the disorder 
and that these changes may be progressive (Hulshoff Pol & Kahn, 2008; Pantelis et al., 
2005). In our study, regional changes were most pronounced in cortical gray matter 
areas that have previously been associated with clinical risk for psychosis and disease 
onset (Borgwardt et al., 2007a; Borgwardt et al., 2008; Borgwardt et al., 2007b; Fornito 
et al., 2008; Jung et al., 2009; Pantelis et al., 2003; Takahashi et al., 2009b; Witthaus 
et al., 2009; Yucel et al., 2003). Anterior cingulate and temporal gyri in the speech area 
are also often associated with changes in the later stages of schizophrenia spectrum 
disorders (Shenton et al., 2001). Interestingly, the cortical changes in this study were 
only present in the left hemisphere, indicating a more lateralized disease effect, which 
has often been suggested as a key feature of abnormal brain development in schizo-
phrenia (Bilder et al., 1994; Crow, 1990). However, numerous studies have not found 
support for this and a recent longitudinal MRI study in individuals with childhood onset 
schizophrenia failed to find abnormalities in cortical asymmetry (Bakalar et al., 2009). 
Several factors affect the interpretation of the outcome of this study. First, while our 
UHR inclusion criteria were identical to those used in the European Prediction of 
Psychosis Study (Klosterkötter et al., 2005) (EPOS) and closely resemble criteria used 
in Melbourne (McGorry et al., 2003) , North America (Addington et al., 2007) and 
other sites, we cannot rule out that our cohort may have included a different type 
of high-risk subject than those in other studies. Most of the adolescents in our study 
had already sought help at an early age (Sprong et al., 2008), while at other UHR 
sites individuals usually do not have a history of contact with mental health services. 
Accordingly, a relatively high percentage (49%) of our subjects was already using some 
form of psychotropic medication at T1, although interestingly most of the subjects 
who subsequently developed psychosis did not. Arguably (antipsychotic) medication 
was prescribed for individuals who were more severely affected clinically, which may 
have helped prevent the onset of psychosis. Additionally, lack of medication use may 
(partially) explain why psychosis could occur in UHR-P individuals. Either way, this does 
not dismiss the interpretation that observed brain changes in this study were related 
to the development of psychosis. Second, the transition rate in this study was relatively 
low compared to other sites, although a much larger clinical cohort-study recently 
reported a declining transition rate of 16% (from initial transition rates over 40%) after 
a follow-up of two years (Yung et al., 2008). The low transition rate may be due to 
potential preventative treatment effects, a high number of ‘false positives’, or the fact 
that our participants were relatively young and recruited within a narrow age range 

group of UHR adolescents and typically developing controls. Three complementary 
methods were used to compare structural brain changes for UHR individuals and con-
trols with additional post hoc comparisons for those who developed psychosis (UHR-P) 
and those who did not (UHR-NP). Ultra-high risk was found to be associated with a 
global reduction of white matter growth and an increased cortical thinning in the left 
middle temporal gyrus over time. UHR-P adolescents showed more prominent chang-
es over time: a greater loss of total brain volume than UHR-NP and controls, a de-
crease in white matter volume and a pattern of progressive cortical thinning compared 
to controls. No group differences were evident using a more localized, voxel-based 
approach. Importantly, brain changes in the UHR-P group could not be attributed to 
antipsychotic medication since only two of these subjects received (very low doses) of 
antipsychotics at follow-up. 
 Only a limited number of longitudinal MRI studies examining global brain changes 
in UHR individuals have been published and none of these included a typically devel-
oping control group. By combining brain analysis methods, we were able to show both 
global and regional brain changes over time for UHR individuals who subsequently 
became psychotic, in particular compared to typically developing controls. Our find-
ings suggest that the development of psychosis is related to modest, but detectable, 
changes in gray and white matter over time. Interestingly, these progressive volumetric 
changes over time occurred in the presence of a relatively large intracranial and total 
brain volume for UHR-P individuals (see table 4), which is a relatively consistent finding 
across high-risk studies as reported in a recent meta-analysis (Smieskova et al., 2010). 
The loss in cortical thickness found in these individuals lends support to a pattern 
of widespread, but regionally specific thinning of the cortex in association with the 
onset of psychosis, and shows that these changes occur even in young adolescent 
individuals. Although we cannot completely rule out a possible influence of antipsy-
chotic medication on our outcome measures, the UHR-P group was not receiving any 
antipsychotic medication at T1 and only two of the eight UHR-P individuals received (a 
very low dose of atypical) antipsychotic medication at T2. Thus, it is highly unlikely that 
the brain changes in the individuals who developed psychosis can be attributed to the 
effects of antipsychotic medication. 
 Two longitudinal studies examining regional volumes included a sample of typically 
developing controls (Takahashi et al., 2009a; Takahashi et al., 2009b). They found that 
UHR-P individuals displayed progressive loss of volume in the insular cortex (Takahashi 
et al., 2009a) and superior temporal gyrus (STG) (Takahashi et al., 2009b) compared to 
controls. Although we did not measure regional volumes, our cortical thickness results 
confirm changes in these brain areas around the onset of psychosis, as shown by an 
increased thinning in the left (caudal) STG and the left insular region in our study. Our 
findings add to these results by suggesting that the cortical changes in these areas as-
sociated with the onset of psychosis cannot be attributed to the use of antipsychotic 
medication. 
 Our results are also in general agreement with studies using automated whole brain 
approaches reporting that individuals who become psychotic show progressive gray 
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at baseline (12 years, 0 months – 18 years, 11 months). This view is supported by the 
fact that the UHR-P group was on average 1.5 years older than the UHR-NP group, 
even though this difference was not statistically significant. Future follow-up studies 
will have to address whether the transition rate in this cohort increases as it moves into 
adulthood. Third, due to the small number of individuals in our UHR-P group, some 
brain changes associated with the onset of psychosis may have remained obscure. 
Although some of the well-established brain changes associated with schizophrenia 
were already present, other commonly reported changes such as enlarged ventricles 
and reduced prefrontal GM were not. Additional diagnosis-specific analyses for the 
UHR-P subgroup were not performed because of the number of diverse diagnoses (6) 
in this small group. Nevertheless, the overall sample sizes of UHR and control individu-
als represent the largest longitudinal MRI data set currently available in UHR research. 
Furthermore, while small sample size greatly impacts cross-sectional MRI designs, the 
statistical power to detect subtle, disease-related brain changes in small groups is 
much greater in longitudinal designs (Steen et al., 2007).
 In summary, we report structural brain changes in total brain volume, white mat-
ter volume and cortical thickness at the time of onset of psychosis in adolescence. 
Importantly, these effects could not be attributed to use of antipsychotic medication. 
Our findings suggest that progressive brain changes are present at the time of, and 
related to, the development of psychosis. Future longitudinal studies are needed to 
compare the efficacy of early intervention strategies and address how these can pre-
vent psychosis and associated brain changes from occurring.

Chapter 5
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abstract

Background: The onset of psychosis is thought to be preceded by neurodevelopmental changes in 

the brain. However, the timing and nature of these changes have not been established. The aim of the 

present study was to determine whether three “classic” neurophysiological markers of schizophrenia are 

also characteristic of young adolescents (12-18 years) at ultra-high risk for psychosis (UHR). Methods: 

63 young UHR individuals and 68 typically developing, matched controls were recruited for neurophysi-

ological assessment. Data for P50 suppression, prepulse inhibition (PPI) and smooth pursuit measures 

were gathered and compared. Results: None of the measures initially differed between UHR individuals 

and controls. After data were corrected for use of antipsychotic medication, UHR individuals showed re-

duced %PPI compared to controls (p = .033, Cohen’s d = 0.27). Additionally, when controls were directly 

compared to medication-naive UHR individuals, the group difference in %PPI was more pronounced (p 

= .008, Cohen’s d = 0.57). Conclusions: These results suggest that %PPI is a relatively early vulnerability 

marker, while changes in other neurophysiological measures may only be detected or affected later dur-

ing the illness course. Use of (antipsychotic) medication may have a neuroprotective effect and obscure 

the presence of this marker.
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criteria have previously been published (Sprong et al., 2008; Ziermans et al., 2009) 
and are similar to frequently used criteria for UHR (Olsen & Rosenbaum, 2006b). The 
control group consisted of 68 typically developing adolescents. The first three inclu-
sion criteria were assessed with the Structured Interview for Prodromal Syndromes 
(McGlashan et al., 2001). The fourth inclusion criterion was assessed with the Bonn 
Scale for the Assessment of Basic Symptoms-Prediction List (Schultze-Lutter, 2002). 
Typically developing controls were recruited from secondary schools in the region of 
Utrecht. They were excluded if they met one of the UHR-criteria, if they or any first 
degree relative had a history of any psychiatric illness, or if there was a second-degree 
relative with a psychotic disorder. 
 Groups were matched for age, gender, IQ and handedness (Table 2). All partici-
pants had Dutch nationality and were aged between 12 and 18 years. Subjects were 
excluded if there was evidence of any past or present neurological disorder (e.g., epi-
lepsy). Drug- and alcohol abuse were additional exclusion criteria although UHR sub-
jects were permitted a history of drug use, if symptoms had also been present in the 
absence of drugs. Amount of psychopharmacological medication use is given in Table 
2. All individuals had a level of verbal intellectual functioning (VIQ) ≥ 75, as assessed 
with the Wechsler Intelligence Scales (Wechsler, 1997; 2002). Each individual signed 
an informed consent and for those younger than 16, parents co-signed. This study was 
approved by the Dutch Central Committee on Research Involving Human Subjects.

Table 1: Ultra-high risk criteria 

1. attenuated positive symptoms 

2. brief, limited, or intermittent psychotic symptoms (BLIPS)

3. 30% reduction in overall level of social, occupational/school-, and psychological functioning (i.e., GAF-

score) in the past year, combined with a genetic risk of psychosis (i.e., having a first- or second-degree 

relative with an established psychotic disorder)

4. two or more of a selection of nine basic symptoms, i.e., subjective deficits in cognitive functioning

Stimulus Presentation
Subjects were seated upright in an acoustically shielded room, 1 meter (measured 
from the position of the eyes) in front of a 21-inch computer screen on which visual 
stimuli were presented. Auditory stimuli were presented binaurally through stereo in-
sert earphones (Eartone ABR). Software settings were calibrated by an artificial ear 
(Brüel and Kjær, type 4152) to ensure adequate stimulus intensities. 

Recordings 
Recordings were obtained from 32 AgAgCl electrodes using a BioSemi Active Two 
EEG system (Biosemi, Amsterdam). For the P50 measurement, EEG was sampled at 
2048 Hz, referenced to an additional active electrode (Common Mode Sense) dur-
ing recording, and stored as a continuous signal. An electrode placed on the left 

IntroDuctIon 

The putative state of disrupted neurobiological function in psychotic disorders is increas-
ingly supported by the identification of illness related biomarkers. Neurophysiological 
recordings provide a relatively non-invasive observation method and have shown evi-
dence for aberrant neuronal activity in schizophrenia and related disorders (Thaker, 
2008; Turetsky et al., 2007). It has been suggested that these abnormalities represent 
(heritable) traits, rather than state dependent markers, because they are present in 
unaffected, first-degree relatives and in individuals in remission of psychosis as well 
(Greenwood et al., 2007; Thaker, 2008; Turetsky et al., 2007). However, the timing of 
manifestation and predictive validity of these neurobiological markers for the subse-
quent transition to psychosis remains unknown. 
 Introduction of the clinical- or ultra-high risk (UHR) design has helped to identify in-
dividuals at increased risk of developing psychosis on the basis of sub-syndromal symp-
toms (Yung et al., 2003). Compared to the general population the eventual incidence 
of psychosis is high in UHR studies and conversion occurs in relative close proximity 
of initial intake (Cannon et al., 2008; Yung et al., 2008). Neurophysiological studies in 
adult UHR individuals have supported the notion that schizophrenia markers are al-
ready present before the onset of psychosis (Bramon et al., 2008; Brockhaus-Dumke et 
al., 2008; Brockhaus-Dumke et al., 2005; Frommann et al., 2008; Nieman et al., 2007; 
Ozgürdal et al., 2008; Quednow et al., 2008), and more pronounced so in those who 
continue to develop psychosis (Brockhaus-Dumke et al., 2008; Nieman et al., 2007). 
This suggests that a progressive worsening of prodromal symptoms is associated with 
neurophysiological changes. However, if such changes precede the onset of psychosis, 
these should be present in the at-risk period irrespective of the age of onset. Only two 
previously published studies have included young adolescents at UHR (Cadenhead et 
al., 2005; Myles-Worsley et al., 2004). The outcomes of these studies were partially at 
odds with each other, leaving it unclear whether altered neurophysiological measures 
can be detected at an early stage in life. 
 To address this issue, the current study investigated three well-established neuro-
physiological measures, typically abnormal in schizophrenic individuals, in a sample 
of young adolescents at UHR for psychosis (aged 12-18 years): P50 suppression, pre-
pulse inhibition (PPI) and smooth pursuit eye movement (SPEM). We hypothesized that 
the UHR group would show reduced P50 suppression and PPI compared to typically 
developing adolescents. For SPEM, we expected that the UHR group would show an 
increase in number of saccades and a decreased velocity gain. 

mEthoD 

Subjects 
Sixty-three adolescents meeting at least 1 of 4 criteria for UHR (Table 1) were referred 
by general practitioners or other psychiatric clinics and included in this study. These 
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the baseline was corrected using the data for 50 ms prior to stimulus-onset. Assessment of 
the maximal peak amplitude and PPI quantification took place within a window of 20–90 
ms, after stimulus onset, using a computerized algorithm for peak detection.
%PPI was defined as the percentage of reduction of the startle amplitude over prepulse-
pulse trials, compared to the pulse alone trials (PPI=100*(1-pp/p)), where pp indicates 
amplitude over prepulse trials and p indicates amplitude over pulse alone trials. 

smooth Pursuit Eye movements
The target was a white dot of 1 pixel, clearly visible on the black background. The 
dot was moving horizontally in a harmonic (sinusoidal) motion described by X(t)=A 
sin (2pft). The amplitude A of 300 pixels was 10 degrees of visual angle, and the eyes 
moved from left to right over a total of 20 degrees. Seven trials were presented, each 
consisting of at least 5 full periods of the sinusoidal motion. For each trial the dot 
started slowly in the middle of the screen and then speeded up to the desired speed 
for the trial in the course of 2 seconds. The frequencies used were: 0.2, 0.325, 0.4, 0.5, 
0.6, 0.725, 0.875 Hz, with average speeds of respectively: 8, 13, 16, 20, 24, 29 and 
35 degrees per second. For training purposes the subject was shown 2 trials with the 
slowest velocities and asked to follow the dot carefully. 

After filtering the horizontal electro-oculography (HEOG) signal (low pass filter at 15 
Hz), a calibration factor was obtained from the trial with lowest target frequency. The 
velocity was determined from the calibrated signal following a previously validated 
method (Kumra et al., 2001). For each sample point the velocity of the tracking was 
calculated by subtracting the position value at 10 ms before the given point from the 
position value at 10 ms after the given point and dividing the result by 20 ms. Saccadic 
onsets and offsets were then determined by a computer program, and only if the cali-
brated signal between onset and offset differed more than 0.5 deg, they were taken to 
mark a saccade. Saccades are defined as a period of absolute velocity above 35 deg 
/ sec between two successive acceleration peaks of opposite sign. To find the onset 
and offset points of a saccade, first peaks of acceleration in the velocity pattern were 
determined with an absolute value over 200 deg / sec 2. Velocity gain is defined as 
mean eye velocity divided by target velocity. Velocity gain was determined from points 
that were not marked as saccades and for which the target was at least 5 degrees away 
from the extremities where it changed its direction.
For each of the seven frequencies presented, the velocity gain and the number of sac-
cades (NSAC) were calculated. No absolute position of gaze information was available, 
so it was not possible to determine saccadic type (anticipatory, leading, catch-up etc). 

Data Analysis 
Dependent measures were: P50 ratio, percent PPI, and for SPEM velocity gain and 
NSAC per frequency. Data were checked for normality and homogeneity of varianc-
es. For each dependent measure, extreme outliers (> 3 standard deviations from the 
mean) were removed. Consequently, three individuals for P50 (one UHR, two controls), 

mastoid was used as off-line reference for EEG measurement. For PPI, electromyo-
graphic (EMG) activity of the right orbicularis oculi muscle was recorded from bipolar 
electrodes. One was placed over the medial aspect of the muscle and one displaced 
0.5 cm laterally. Horizontal and vertical eye movements were recorded using electro-
oculography (EOG) to obtain SPEM information. All data were analysed using the 
software package Brain Vision Analyzer (Brain Products, München).

Experimental paradigms
Paradigms used in this study have been described in previous publications from our 
group, in which additional methodological details can be found (Magnée et al., 2009; 
Vorstman et al., 2009). 
 
P50 suppression
Before the actual experiment, two auditory click pairs (86 dB, 1.5 ms duration white 
noise) were presented to the subjects. A block of 36 click pairs were then presented, 
with an interstimulus interval of 500 ms and an intertrial interval of 10 s. Subjects were 
instructed to count click pairs and report the number afterwards.
Offline a high-pass filter of 1 Hz (24 dB), a low-pass filter of 50 Hz (24 dB), and a notch 
filter of 50 Hz were used. Epochs from 100 ms pre-stimulus until 400 ms post-stimulus 
were extracted from the continuous data, and the baseline was corrected using the 
100 ms registration prior to stimulus-onset. After EOG correction (Gratton et al., 1989), 
EEG artefacts were removed if they were larger than 100 or –100 μV, if there was an 
amplitude difference per sample point larger than 50 μV or if the difference between 
maximum and minimum amplitudes in a window of 200 ms was smaller than 3 μV. 
Segments were averaged separately for the conditioning and test click stimuli. 
P50 peaks elicited by the conditioning stimulus were identified as the greatest posi-
tivity in a window between 40 and 90 ms, after stimulus presentation. The amplitude 
was assessed as being the difference between this peak and the preceding trough 
(Nagamoto et al., 1989). The P50 peak elicited by the test stimulus was assessed ac-
cordingly, with a further constraint that its peak latency had to lay in a window of 10 ms 
formed by the latency of the conditioning stimulus. The P50 ratio was calculated for 
the Cz electrode as the amplitude of the P50 potential elicited by the testing stimulus 
divided by the amplitude elicited by the conditioning stimulus (T/C).  

Prepulse Inhibition
Before testing, four startle stimuli of rising intensity were presented, with two preced-
ed by a prepulse. The actual experiment consisted of 24 randomized trials: 12 startle 
stimuli preceded by a prepulse and 12 startle stimuli with no prepulse. The prepulse 
and startle stimuli were bursts of white noise (duration 22.5 and 32.5 ms, intensity 87 
and 106.5 dB, respectively, rise/fall 0.1 ms) over a 30 dB background noise, with a fixed 
interstimulus interval of 120 ms. The intertrial interval varied between 12 and 23 s.
Offline a high-pass filter of 30 Hz and a low-pass-filter of 200 Hz were used. Epochs from -50 
ms pre-stimulus until 200 ms post-stimulus were extracted from the continuous data, and 
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P50 Suppression
Within-subjects there was significant P50 suppression (Figure 1), illustrated by a smaller 
positive response on T-stimulus compared to C-stimulus for both groups (F = 123.63, 
n = 125, df = 1, p < .001). There were no differences between groups for P50 ratio. 
Adding total IQ, sex or medication use as covariates did not show main effects for 
these variables and did not affect the outcome.

Figure 1: P50 auditory evoked potential of  Cz-electrode site in response to the conditioning (C-stimulus) 
and testing stimuli (T-stimulus) in the control group (left) and the ultra-high risk (UHR) group (right). See 
page 124 for a color version of  this figure.

Prepulse Inhibition 
PPI suppression was observed within-subjects, displayed by less reactivity in the pre-
pulse trials compared to pulse alone trials (F = 20.21, n = 128, df = 1, p < .001). Groups 
did not differ on % PPI. Only when antipsychotic medication was added as a covariate, 
there was a main effect of group on %PPI (F = 4.66, n = 128, df = 1, p = .033; d = .27), 
with the UHR group displaying less %PPI than healthy controls (Figure 2). However, 
when all medicated individuals were excluded from the analysis, there was a highly 
significant group difference (F = 7.40, n = 102, df = 1, p = .008), with a medium effect 
size (d = .57). Pulse alone amplitude was checked for potential confounding influence 
and did not differ between UHR individuals and controls (p = .49). Additional post 
hoc testing for the specific effects of antipsychotics demonstrated a higher %PPI for 
controls than for antipsychotic-naive UHR individuals (Figure 2; U = 1179.0, p < .05, d 
= .45), and no group differences for those using antipsychotics compared to controls 
or antipsychotic-naive UHR individuals. 
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four for PPI (two UHR, two controls) and one UHR individual for SPEM – NSAC were 
excluded. Additionally, for each task some data were missing due to recording arti-
facts. Comparison of group characteristics was performed using Student’s t-tests for 
age and IQ scores, χ2-test for gender distribution and Mann-Whitney U tests for clini-
cal scores (p < 0.05, two-tailed). To check for the occurrence of main effects of stimuli 
within-subjects, a mixed-model analysis of (co-)variance (AN(C)OVA) was used for all 
paradigms. AN(C)OVA was then applied to test for differences between groups on 
dependent variables. Potential influence of total IQ, (antipsychotic) medication and 
sex were controlled for by adding these variables as covariates. For significant results, 
explorative post hoc comparisons between subgroups were conducted (p < 0.05, two-
tailed). Cohen’s d was calculated as a measure for effect size.

rEsults 

Group Characteristics
Details are given in Table 2. Groups were matched for age, gender and total IQ. 
UHR individuals had higher total scores on screening instruments (SIPS & BSABS-P;  
p < .001) and a lower GAF-score (p < .001) than controls. 

Table 2: Demographics and symptom scores ultra-high risk individuals and controls

UHR
(n = 63)

Controls
(n = 68)

Statistic

Sex, M/F (%M) 38/25 (60) 31/37 (46) χ2 = 2.87, p = .09

Handedness, R/L/M (%R) 58/3/2 (92) 62/3/3 (91) χ2 = 1.78, p = .78

Total IQ, mean (sd) 100 (13) 104 (11) t = -1.71, p = .09

Age, mean (sd) 15.7 (2.1) 15.5 (1.7) t = 1.05, p = .36

SIPS total score, mean (sd) 27.1 (13.9) 2.1 (2.9) U = 18.5, p < .001

BSABS total score, mean (sd) 22.8 (15.2) 1.2 (1.6) U = 81.0.14, p < .001

GAF-score, mean (sd) 57.2 (15.0) 94.4 (13.0) U = 115.0, p < .001

UHR criterium, n (%)
1.  attenuated positive symptoms
2.  BLIPS
3.  genetic risk + reduced functioning
4.  basic symptoms

57 (90)
3 (5)
2 (3)
34 (54)

NA NA

Medication,   (%)
-  any
-  atypical antipsychotic
-  mood stabilizer
-  psychostimulant
-  other

24 (38)
13 (21)
8 (13)
3 (5)
1 (2)

NA NA

UHR = ultra-high risk (total group); M/F = male/female; R/L/M = right/left/mixed; NA = not applicable;  
SIPS = Structured Interview for Prodromal Symptoms; BSABS= Bonn Scale for the Assessment of Basic Symptoms; 
GAF= Global Assessment of Functioning. 
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adolescents at ultra-high risk (UHR) for psychosis and typically developing controls. 
Results showed that % prepulse inhibition (PPI) was affected and significantly reduced 
in UHR individuals compared to controls. This group difference only became apparent 
when controls were directly compared with antipsychotic- and medication-naive UHR 
individuals. 
 A previous study investigating acoustic PPI using similar UHR inclusion criteria in 
adult individuals, demonstrated a clear reduction in PPI for both prodromal individuals 
and unmedicated schizophrenics (Quednow et al., 2008). Although effect sizes were 
smaller in our study, the combined result of both studies suggests that PPI is a vulner-
ability marker sensitive to early detection in young adolescents at risk for psychosis. 
Furthermore, our results strengthen the idea that PPI is potentially normalized by atyp-
ical antipsychotics, as has been reported by others (Kumari & Sharma, 2002). Other 
types of medication (e.g., antidepressants Oranje et al., 2008) may have added to the 
effect, as reduced PPI was more pronounced in medication-naive UHR individuals.
 Our results for auditory P50 suppression are in agreement with a previous study 
(Cadenhead et al., 2005) that failed to find an overall group difference between con-
trols and adolescents at risk. However, earlier study results in medication-naive UHR 
adolescents reported a reduced P50 suppression, especially for those with a first de-
gree relative with schizophrenia (Myles-Worsley et al., 2004). Comparison across these 
two studies and ours is partially restricted however, due the large differences in age 
range per study (4 - 18 years). More recently, evidence was reported for a P50 sup-
pression deficit in antipsychotic-naïve UHR-adults (mean age: 23.5 years) (Brockhaus-
Dumke et al., 2008). Changes were more pronounced in those with subsequent transi-
tion to psychosis within two years after inclusion, although they were also present in 
those without transition. A limitation of this study was that the groups were not well 
matched for size, age or IQ. Taken together, the available studies in individuals at risk 
are inconclusive about whether reduced P50 suppression can be considered a vulner-
ability marker during early development. However, the studies above have also shown 
data that suggests that a genetic high-risk combined with clinical symptoms increases 
the chance of detecting sensory gating changes. 
 No previously published studies have investigated SPEM in UHR individuals. The 
largest study comparing a group of genetic high-risk children to healthy controls and 
individuals with childhood onset schizophrenia showed that only the latter group had 
saccadic abnormalities (Ross et al., 2005). Similarly, our results suggest that SPEM 
abnormalities are potentially more descriptive of the psychotic state itself than of the 
preceding period. 
 The results of the present study indicate that PPI qualifies as a vulnerability marker 
for psychosis in adolescence. This could be related to developmental processes: it 
has been suggested that there are quantitative and qualitative changes in the devel-
opmental course of these measures towards young adulthood (Wetzel et al., 2006). If 
neurophysiological vulnerability markers are characteristic of the psychosis prodrome, 
then during young adolescence detection might be hindered by late maturational pro-
cesses of the brain (Shaw et al., 2008). In an earlier study by our group we demonstrated 

Figure 2: Total percentage prepulse inhibition (± 95% confidence interval). Left: data of  ultra-high risk 
(UHR) and the healthy control group corrected for antipsychotic medication use. Right: Same data, but 
separate bars for UHR individuals without (UHR-AP) and with antipsychotics (UHR+AP). * p <.05. See 
page 124 for a color version of  this figure.

Smoot Pursuit Eye Movements 
A main effect of frequency was found for velocity gain (F = 551.39, n = 115, df = 6,  
p < .001) and NSAC (F = 173.45, n = 114, df = 6, p < .001). Both groups displayed 
a decrease in saccades and velocity per frequency factor (Figure 3). No group differ-
ences or main effects of total IQ, sex and medication use were detected for either 
velocity gain or NSAC.

Figure 3: Smooth pursuit eye movements as a function of  velocity gain (left) and number of  saccades 
per second (right) for ultra-high risk (UHR) individuals (light gray) and typically developing controls (dark 
gray). See page 124 for a color version of  this figure.

DIscussIon
This study set out to investigate whether commonly reported neurophysiological mark-
ers of the schizophrenia spectrum are also characteristic of the psychosis prodrome 
during adolescence. Three “classical” paradigms were assessed in a large group of 
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Chapter 6

an absence of gross structural brain abnormalities in young adolescents at UHR com-
pared to typically developing controls (Ziermans et al., 2009), while studies with older 
UHR individuals have reported the presence of structural brain changes, predomi-
nantly in the frontal and temporal cortex, before the onset of psychosis (Pantelis et al., 
2009). Our findings indicate that the brain changes related to the disease process may 
occur at the level of early maturing components of the cortico-striato-pallido-thalamic 
(CSPT) circuitry responsible for PPI (Braff et al., 2001; Swerdlow et al., 2001), before 
large structural brain changes become apparent (Quednow et al., 2008). We speculate 
that CSPT components that mature at a later stage (e.g., in the frontal cortex) may 
play a role in the increased PPI abnormalities found in older UHR individuals with and 
without psychosis.
 Although no gross abnormalities were found for P50 suppression and SPEM, it 
does not imply a lack of use for these paradigms in high-risk research. The main rea-
son for including these particular markers in our study was because of their frequently 
replicated deviance scores in individuals with schizophrenia spectrum disorders and 
the lack of knowledge about their onset. Our results further elucidate that the predic-
tive value of P50 and SPEM parameters for onset of psychosis is likely to be limited in 
adolescent UHR individuals. However, these types of neurophysiological parameters 
are sensitive measures and the use of slightly modified paradigms or alternative pa-
rameters could have yielded different results. Therefore, follow-up data using identical 
paradigms are needed to determine whether additional changes occur alongside clini-
cal improvement or deterioration in UHR individuals.
 Several limitations confine the interpretation of this study. A large group of our sub-
jects (38%) was receiving some form of psychopharmacological treatment at the time 
of assessment. Although statistical corrections were made for (antipsychotic) medica-
tion use, the diversity of medication use prevented us from using a more comprehen-
sive correction. Hence it is possible that the outcome was influenced more by medica-
tion use than our statistical models could account for. Secondly, the group difference 
in PPI has to be interpreted with some caution, because no correction for multiple 
comparisons was applied in our analyses. However, since the nature of this study was 
explorative and any effects were most likely to be subtle, it was decided that such a 
correction would be too restrictive. 
 In conclusion, this study has provided evidence for the overall absence of neuro-
physiological markers characteristic for schizophrenia in a group of young adolescents 
at risk of psychosis. After (antipsychotic) medication was taken under consideration, 
PPI was the only measure that discriminated between UHR individuals and typically 
developing controls. As such, putative changes in neurophysiological functioning 
are likely to be subtle and may predominantly occur after the initial manifestation of 
prodromal symptoms. Alternatively, brain maturational processes and medication use 
may interfere with the ability to detect vulnerability markers at this age. Additional 
results from longitudinal and multi-method neuroimaging studies are required to rule 
out some of these explanations.



  83

reduced prepulse inhibition 
in adolescents at risk for 
psychosis: a 2-year follow-up 
study

Tim Ziermans a, Patricia Schothorst a, Maurice Magnée a, 
Herman van Engeland a, Chantal Kemner a, b

Journal of Psychiatry and Neuroscience, in press

a  Department of Child and Adolescent Psychiatry, Rudolf Magnus Institute of Neuroscience, University 
Medical Center Utrecht, the Netherlands

b  Department of Developmental Psychology, Faculty of Social Sciences, Utrecht University, the Netherlands

abstract

Objective: Reduced prepulse inhibition (PPI) of the auditory startle reflex is a hallmark feature of attention-

processing deficits in schizophrenia and other psychotic disorders. Recent evidence suggests that these deficits 

may also be present before the onset of psychosis in individuals at ultra-high risk (UHR) and become progres-

sively worse as psychosis develops. The aim of this study was to study PPI over time in a longitudinal follow-up 

study of UHR adolescents and typically developing controls. Methods: Two-year follow-up data of PPI mea-

sures were compared between 42 UHR adolescents and a matched control group of 32 typically developing 

individuals. Results: Compared to controls, UHR individuals showed reduced PPI at both assesments. Clinical 

improvement in UHR individuals was associated with an increase in PPI parameters. Limitations: A develop-

mental increase in startle magnitude partially confines the interpretation of the association between clinical 

status and PPI. Furthermore, post hoc analyses for ultra-high risk individuals who became psychotic between 

assessments had limited power due to a low transition rate (14%). Conclusions: PPI deficits are present before 

the onset of psychosis and represent a stable vulnerability marker over time in UHR individuals, the magnitude 

of which may partially depend on the severity of clinical symptoms. 
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mEthoDs 

Participants 
This study is part of the Dutch Prediction of Psychosis Study, a longitudinal research 
project at the University Medical Center Utrecht in Utrecht, the Netherlands (Sprong et 
al., 2008), and was approved by the Dutch Central Committee on Research Involving 
Human Subjects. Forty-two adolescents meeting at least 1 of 4 criteria for UHR were 
referred by general practitioners or other psychiatric clinics at baseline (T1). The con-
trol group consisted of 32 typically developing adolescents recruited from secondary 
schools in the region of Utrecht. Additionally, both groups of individuals participated 
in a follow-up assessment two years after the initial assessment (T2). All individuals 
were between 12 and 18 years of age at baseline recruitment and were included af-
ter informed consent was given. Consent could be withdrawn at any time during the 
follow-up period or after a clinical expert opinion that an individual was incapable 
of adequately judging the nature of participation in the research project. Individuals 
younger than 16 years of age signed for assent, while their parents signed for consent. 
Individuals aged 16 years or older provided informed consent themselves. 
 Ultra-high risk status was assigned to individuals when they met at least one of four 
criteria for UHR at T1. The UHR criteria employed in this study have previously been 
published (Ziermans et al., 2009) and resemble other frequently used criteria for UHR 
(Olsen & Rosenbaum, 2006b). Briefly, the first three inclusion criteria were assessed us-
ing the Structured Interview for Prodromal Symptoms (SIPS) (McGlashan et al., 2001): 
1) attenuated positive symptoms, 2) brief, limited, or intermittent psychotic symptoms, 
3) a 30% reduction in overall level of social, occupational/school-, and psychological 
functioning (i.e., global assessment of functioning (GAF)) in the past year, combined 
with a genetic risk of psychosis. The fourth inclusion criterion was assessed using the 
Bonn Scale for the Assessment of Basic Symptoms-Prediction List (Schultze-Lutter, 
2002) (BSABS-P): 4) two or more of a selection of nine basic symptoms, such as subjec-
tive deficits in cognitive functioning. 
 Presence of a psychotic transition during follow-up was determined by use of the 
SIPS. A SIPS diagnosis of a psychotic syndrome refers to psychotic symptoms of par-
ticular intensity (e.g., delusional conviction) and frequency or duration (≥1 h/d for ≥4 
d/wk during the past month) or of particular impact (seriously disorganizing or dan-
gerous), designed to operationalize the threshold for a DSM-IV (American Psychiatric 
Association, 1994) Axis I psychotic disorder diagnosis (Cannon et al., 2008). Chart 
reviews were used to retrospectively confirm psychotic transition by clinical con-
sensus (HvE, PS) and individuals were subsequently diagnosed according to DSM-
guidelines. DSM-IV diagnoses were as follows: 295.10 schizophrenia, disorganized type 
(n = 1), 295.30 schizophrenia, paranoid subtype (n = 3), 295.70 schizoaffective disorder  
(n = 1), 296.04 bipolar I disorder (n = 1). None of these individuals were considered to 
have overt psychotic symptoms at the time of T2 assessment.
 Typically developing controls were excluded if they met one of the UHR-criteria, if 
they or any first degree relative had a history of any psychiatric illness, or if there was 

IntroDuctIon 

Disrupted filtering of preattentive, irrelevant sensory information, as measured by pre-
pulse inhibition (PPI) of the auditory startle blink response, is thought to represent 
a core feature of schizophrenia (Braff et al., 1978). PPI is the automatic suppression 
of startle magnitude that occurs when the startling stimulus is preceded 30 to 500 
milliseconds by a weak prepulse (Graham, 1975; Swerdlow et al., 2006). It has con-
sistently been shown that PPI is diminished in individuals with schizophrenia as well 
as in individuals with other psychotic disorders, individuals in remission of psychosis 
and unaffected relatives (Braff et al., 2001; Thaker, 2008; Turetsky et al., 2007). These 
findings suggest that reduced PPI may serve as a vulnerability marker for the onset of 
overt psychosis and thereby potentially aid in the early detection and prevention of 
imminent psychosis. However, the timing of manifestation and predictive validity of 
this marker are still unclear. 
 Clinical- or ultra-high risk (UHR) designs have helped in identifying individuals 
at increased risk of developing psychosis on the basis of sub-syndromal symptoms 
(McGorry et al., 2003). Although transition rates vary between UHR study sites, inci-
dence of psychosis is generally high and occurs in relative close proximity to initial 
intake (Cannon et al., 2008; Olsen & Rosenbaum, 2006b). A previous cross-sectional 
study investigating acoustic PPI in adult UHR individuals demonstrated a reduction 
in PPI for prodromal individuals and a negative association between startle reactivity 
and severity of clinical symptoms (Quednow et al., 2008). Additionally, a recent study 
from our group also found a reduction of PPI in UHR adolescents without (antipsy-
chotic) medication (unpublished data), suggesting an early presence of this particular 
vulnerability marker. Due to an absence of longitudinal reports in UHR individuals, it is 
unknown whether PPI represents a stable vulnerability marker of the prodromal state, 
or whether it is associated with change in clinical status over time.
 To investigate change over time, longitudinal PPI data were collected in a two-year 
follow-up of adolescent UHR individuals and typically developing controls (aged 12-18 
years at baseline). The first aim of this study was to determine whether suppressed PPI 
is a stable vulnerability marker for UHR individuals over time. It was hypothesized that 
UHR individuals would show lower startle reactivity and %PPI over time than controls 
and that the magnitude of this group difference would be dependent on the general 
clinical outcome. The second aim was to explore post hoc whether onset of psycho-
sis between assessments was associated with increased reduction of PPI parameters. 
We hypothesized that UHR individuals with a psychotic transition (UHR-P) would show 
more pronounced reduction in startle reactivity (which has also been reported in 
schizophrenic individuals (Meincke et al., 2004; Quednow et al., 2006)) and %PPI than 
UHR individuals without psychosis (UHR-NP). Finally, it was hypothesized that change 
in PPI over time would show a correlation with change in clinical symptom scores over 
time.
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Data Analysis 
Comparison of group characteristics was performed using analysis of variance (ANOVA) 
for age, clinical and IQ scores. χ2-tests were used for gender distribution and handed-
ness. Repeated measures ANOVA were conducted for clinical scores to determine clini-
cal outcome over time. Non-parametric analyses yielded similar results and are there-
fore not reported. Startle reactivity amplitudes were log-transformed to diminish the 
effect of a skewed distribution. For the same reason three extreme outliers (2 controls, 
1 UHR), falling 3 standard deviations from the mean of absolute difference scores be-
tween T1 and T2, were removed for %PPI analyses. Repeated measures ANOVA were 
used (UHR vs controls), with startle parameters as the within-subjects variables and 
group as a between-subjects factor. Data at T1 was checked using ANOVA for poten-
tial baseline differences between UHR and control individuals. All startle analyses were 
repeated for comparisons between controls, UHR-P and UHR-NP groups using Tukey 
HSD post hoc tests to identify potential subgroup differences. Cohen’s d was used to 
report effect sizes for startle parameters. For all analyses, results were considered to be 
statistically significant at α = 0.05, two-tailed. To examine potential influence of moder-
ating effects of sex, medication and smoking on startle parameters, separate analyses 
were conducted for these variables. Spearman correlation coefficients were used to 
explore the relationship between PPI and clinical scores in UHR individuals.

a second-degree relative with a psychotic disorder. Both control and UHR individuals 
were excluded if there was evidence of any past or present neurological disorder (e.g., 
epilepsy). Drug- and alcohol abuse were additional exclusion criteria, although UHR 
individuals were permitted a history of drug use, if symptoms had also been present in 
the absence of drugs. All individuals had a level of verbal intellectual functioning (VIQ) 
≥ 75, as assessed with the Wechsler Intelligence Scales (Wechsler, 1997; 2002). For 
participants who smoked, smoking was allowed ad libitum before assessment. Details 
about smoking status and medication use are given in Table 1. 

PPI paradigm
Participants were seated upright in a comfortable chair in an acoustically shielded 
room. Auditory stimuli were presented binaurally through stereo insert earphones 
(Eartone ABR). Software settings were calibrated by an artificial ear (Brüel and Kjær, 
type 4152) to ensure adequate stimulus intensities. 
 Recordings were obtained by using a BioSemi Active Two system (Biosemi, 
Amsterdam). Two extra system electrodes called CMS/DRL provided the mechanism 
for internally referencing the signals: the CMS electrode (Common Mode Sense) is 
the online reference and the DRL electrode (=Driven Right Leg) provides the active 
ground for the system. Electromyographic (EMG) activity of the right orbicularis oculi 
muscle was recorded from bipolar electrodes. One was placed over the medial aspect 
of the muscle and one displaced 0.5 cm laterally. All data were analysed using the 
software package Brain Vision Analyzer (Brain Products GmbH, Gilching, Germany).
 The PPI paradigm was assessed at a fixed order in a neurophysiological test battery 
(sixth out of a total of eight tasks) that lasted approximately two hours in total, includ-
ing preparation time. Before testing, four startle stimuli of rising intensity were pre-
sented, two of which were preceded by a prepulse, to accustom the participants to the 
loud noise. The actual experiment consisted of 24 randomized trials: 12 startle stimuli 
preceded by a prepulse and 12 startle stimuli with no prepulse. The prepulse and 
startle stimuli consisted of bursts of white noise (duration 22.5 and 32.5 ms, intensity 
87 and 106.5 dB(A), respectively, rise/fall 0.1 ms) over a 30 dB(A) background noise, 
with a fixed interstimulus interval of 120 ms. The intertrial interval varied between 12 
and 23 s.
 Data were filtered offline with a high-pass filter of 30 Hz and a low-pass-filter of 200 
Hz. Epochs from 50 ms pre-stimulus until 200 ms post-stimulus were extracted from 
the continuous data, and the baseline was corrected using the data for 50 ms prior to 
stimulus-onset. Thereafter, the data were rectified. Finally, assessment of the maximal 
peak amplitude and PPI quantification took place within a window of 20–90 ms after 
stimulus onset, using a computerized algorithm for peak detection.
 Startle amplitude was defined as the amplitude of the response to the pulse-alone 
trials. %PPI was defined as the percentage of reduction of the startle amplitude over 
prepulse-pulse trials, compared to the pulse alone trials (PPI = 100*(1-pp/p)), where 
pp indicates amplitude over prepulse trials and p indicates amplitude over pulse alone 
trials. 
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rEsults 

Group characteristics
Group details are given in Table 1. Groups were matched for sex, handedness, IQ and 
age. UHR individuals reported more clinical symptoms than controls at T1 and T2 (all 
p < .001) and there was a significant time by group interaction within-subjects for all 
clinical scales (all p < .001). UHR individuals showed a decrease in symptoms (total 
SIPS and total BSABS) and an increase in daily functioning (GAF) over time compared 
to controls (all p < .001). 
 Post hoc tests showed an IQ difference between groups with lower total IQ scores 
for UHR-P than controls (p = .017). Both UHR-NP and UHR-P individuals reported more 
clinical symptoms than controls at T1 and T2 (all p < .001). Additionally, UHR-P indi-
viduals reported more clinical symptoms than UHR-NP for total SIPS scores at T1 and 
T2 and total BSABS scores at T2 (all p < .05).

Startle reactivity
There was a main effect for pulse alone amplitude, caused by an increase in ampli-
tude over time (F (1, 1, 72) = 27.27, p < .001). Additionally, there was a group differ-
ence, with UHR individuals showing lower amplitude than controls (F (1, 1, 72) = 6.60,  
p = .01) (Figure 1). Within-subjects the time by group interaction was significant at 
trend-level (F (1, 1, 72) = 3.93, p = .051), and there was no difference in amplitude 
between groups at T1 (t (71.15) = 1.62, p = .11). A post hoc group difference was 
found only between controls and UHR-NP (p = .048), but the effect size of the group 
differences was larger for the UHR-P than the UHR-NP group compared to controls 
(respectively d = .53 and .74). Because the UHR-P group was not ideally matched for 
age, sex and total IQ the analysis was repeated with age at T1, sex and total IQ added 
as covariates into the model, which did not affect the outcome. 

Figure 1. Means of  the log-transformed pulse alone amplitude for the control and ultra-high risk (UHR) 
group at T1 and T2 assessment (left), separated for UHR-individuals who did not become psychotic 
(UHR-NP) and those who did (UHR-P) (right). See page 125 for a color version of  this figure.
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Table 1: Demographics and symptom scores for controls and ultra-high risk individiuals, separated into 
subgroups with and without transition to psychosis
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Smoking
Only one control individual smoked on a regular basis at T2 (see Table 1), therefore 
a minimum influence of smoking status on PPI was assumed for the control group. 
For pulse alone amplitude and %PPI change over time, there were no differences be-
tween UHR individuals who never smoked (n = 27), UHR individuals who smoked regu-
larly at either T1 or T2 (n = 8) and UHR individuals who smoked at both assessments  
(n = 7). Removing all individuals who smoked at T1 or T2 from the analyses (n = 15) did 
not change the outcome of the initial comparisons between UHR individuals and con-
trols, except the interaction effect between %PPI and group was no longer significant  
(F (1, 1, 54) = 3.82, p = .056).

Figure 3. Percentage prepulse inhibition per ultra-high risk individual, categorized for each medication 
type a T1 assessment (left) and T2 assessment (right). Individuals who did not become psychotic during 
follow-up (UHR-NP) are indicated in dark gray dots and those with a psychotic transition in between 
assessments (UHR-P) are indicated in light gray dots. See page 125 for a color version of  this figure.

Correlation PPI and clinical variables
Correlations between PPI and clinical variables are displayed in Table 2. There were 
significant correlations between startle reactivity and GAF-scores at T1 (p = .039), 
%PPI and total SIPS scores at T2 (p = .048). Change over time in both PPI parameters 
was associated with a change over time in total BSABS scores (respectively p = .031 
and p = .034).
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Prepulse inhibition
UHR individuals exhibited a lower % PPI than control individuals over time (F (1, 1, 
69) = 7.20, p = .009) and there was a significant time by group interaction (F (1, 1, 
69) = 4.17, p = .045), potentially due to a relative increase in %PPI over time for UHR 
individuals and a stable %PPI for controls (Figure 2). This group difference was already 
apparent at T1 (F (1, 72) = 12.49, p = .001. Post hoc %PPI differed only between 
controls and UHR-NP (p = .028). As with startle reactivity, the effect size of the group 
differences was larger for the UHR-P than the UHR-NP group compared to controls 
(respectively d = 0.67 and 1.05). Including age at T1, sex or total IQ as covariates for 
this analysis did not affect the outcome. 

Figure 2. Mean percentage prepulse inhibition (+ 1 standard error) for the control and ultra-high risk 
group at T1 and T2 assessment (left), separated for UHR-individuals who did not become psychotic 
(UHR-NP) and those who did (UHR-P) (right). See page 125 for a color version of  this figure.

Gender
No differences were found on startle parameters when male individuals were com-
pared to female individuals for the entire sample, nor when the control and UHR group 
were separated. Adding sex as a covariate to the initial group analyses also failed to 
reveal an influence of sex on startle parameters.

Medication
For pulse alone amplitude and %PPI change over time, there were no differences 
between UHR individuals who never used medication (n = 22), UHR individuals who 
used medication at either T1 or T2 (n = 9) and UHR individuals who used medication at 
both assessments (n = 11). %PPI for different medication types are displayed in Figure 
3. Removing all individuals who received medication at T1 or T2 from the analyses  
(n = 20) did not change the outcome of the initial comparisons between UHR individu-
als and controls.
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associated with severity of clinical status in UHR individuals. This was illustrated by im-
provement of both clinical variables and %PPI for UHR individuals over time, while con-
trols proved to have stable and higher levels of %PPI and clinical scores. Furthermore, the 
most pronounced clinical improvement over time for UHR individuals was reflected by a 
decline in total BSABS scores and was significantly correlated with the enhancement of 
PPI parameters. This suggests that PPI is an early vulnerability marker that is potentially 
mediated by alterations of the psychopathological state, which has been proposed and 
supported by others (Ludewig et al., 2002; Martinez-Gras et al., 2009; Meincke et al., 
2004) based on longitudinal PPI observations in chronic schizophrenia.
 In line with the study by Quednow et al. (2008), no evidence was found for greater 
PPI deficits in UHR-P individuals before psychosis onset. Additionally, UHR-P individu-
als showed no subsequent reduction in PPI over time. Importantly, none of the UHR-P 
individuals were psychotic at the time of assessment and their level of global function-
ing (GAF-score) was similar to that of UHR-NP individuals. However, the results for the 
UHR-P subgroup have to be interpreted with reservations, as they are obscured by lack 
of statistical power caused by a low transition-rate (14%). Although transition rates are 
generally higher in UHR-cohorts (Olsen & Rosenbaum, 2006b), a two-year follow-up 
study of a large UHR cohort in Melbourne recently reported a similar transition rate 
of 16% (Yung et al., 2008). Considering the relatively young age of UHR individuals in 
this study and the long-term conversion rate based on similar inclusion criteria (70%) 
(Klosterkötter et al., 2001), higher transition rates are expected as these individuals 
continue to be monitored as they progress into adulthood. 
 An unanticipated outcome of this study was the developmental increase of startle 
reactivity with age, demonstrated by larger magnitudes in pulse alone trials. While PPI 
reportedly reaches adult levels in children around approximately eight years of age 
(Ornitz et al., 1991) and startle magnitude is known to decrease with age in adulthood 
(Ellwanger et al., 2003; Ludewig et al., 2003), very little data has been published on the 
typical progression of startle magnitude during childhood and adolescence. One study 
found that adolescents (n = 94, 12-13 years) who were in a mid-/late- pubertal stage 
showed increased startle magnitude compared to those who were in a pre-/early- pu-
bertal stage (Quevedo et al., 2009). Another study with a smaller number of inclusions 
(n = 27) but a broader age-range (8-17 years) failed to find evidence for age-effects 
of startle magnitude during adolescence (Bakker et al., 2009). However, comparison 
between these studies is hindered by several methodological differences, including 
the definition of startle magnitude (peak amplitude versus area-under-the-curve ap-
proach) and the cross-sectional study design. Nevertheless, maturational changes may 
play a role in the ability to pick up potential vulnerability markers during adolescence. 
For example, in the current study startle magnitude only differed between groups over 
time and not at baseline. Additionally, the time by group interaction nearly reached 
significance (p = 0.051), indicating a slower increase of startle magnitude for (a portion 
of) UHR individuals over time. However, these results await confirmation from longitu-
dinal PPI reports in similar adolescent cohorts. 
 A number of factors are known to influence PPI and may partially be reflected in our 

Table 2: Correlations between prepulse inhibition variables and clinical variables in the group of  ultra-
high risk individuals

Startle reactivity % PPI

Correlations at T1

Total SIPS R = 0.078 R = -0.046

Total BSABS R = -0.003 R = -0.207

GAF R = -0.320* R = -0.010

Correlations at T2

Total SIPS R = 0.182 R = 0.307 *

Total BSABS R = 0.000 R = 0.115

GAF score R = 0.166 R = 0.057

Startle reactivity change % PPI change

Correlations between changes in PPI variables and clinical variables

Total SIPS change R = 0.042 R = 0.239

Total BSABS change R = -0.337 * R = -0.331 *

GAF score change R = 0.050 R = -0.104

* Significant at p < .05

DIscussIon

In this paper we present the first longitudinal, two-year follow-up study of prepulse 
inhibition (PPI) of the auditory startle blink response in a large sample of adolescents at 
ultra-high risk (UHR) for psychosis and typically developing controls. It was hypothesized 
that UHR individuals would show deficient PPI over time compared to controls and that 
the magnitude of this deficit would depend on the clinical outcome. The results con-
firmed that, compared to control individuals, PPI parameters (startle reactivity and %PPI) 
are reduced in UHR individuals over an extended period of time, irrespective of gender, 
psychotropic medication use and smoking status. Additionally, clinical improvement over 
time was associated with an increase in %PPI for UHR individuals. Due to limited statisti-
cal power no evidence was found for progressive worsening of PPI in a small group of 
UHR individuals (n = 6) who experienced a psychotic transition between assessments 
(UHR-P). A novelty finding of this study was a developmental effect of startle magnitude, 
which increased with age during adolescence for both controls and UHR-individuals. 
 One cross-sectional study (Quednow et al., 2008) has previously reported on PPI 
deficits in UHR cohorts, which was replicated in a study from our own group (unpublished 
data). Both studies suggest that PPI deficits present a stable vulnerability marker or trait 
and potentially predispose UHR individuals to oncoming psychosis. The presented longi-
tudinal results showed that this deficit is stable over time in UHR adolescents. Additionally, 
this study showed that PPI may be state sensitive, as the magnitude of reduced PPI was 
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results. Sex has been shown to affect PPI parameters with men showing higher levels 
of PPI than women (Kumari et al., 2004; Swerdlow et al., 1993; Swerdlow et al., 1997), 
although some studies have also reported an absence of sex differences (Ludewig et 
al., 2003; Swerdlow et al., 1993). Given that our groups were statistically matched for 
sex in our study, we further controlled for potential influence of this factor by directly 
comparing males to females and no sex differences were detected. However, we could 
not correct for the potential influence of phase of the menstrual cycle in female partici-
pants, as these data were unavailable. Numerous studies have also studied the effects 
of psychotropic medication on PPI (Geyer et al., 2001; Swerdlow et al., 2008). Because 
UHR individuals in our study were receiving multiple types of medication, which in 
some cases changed in type or dosage over time, statistical correction for this factor 
was restricted. Despite this limitation, our results demonstrated that unmedicated indi-
viduals did not differ from medicated individuals and that group results did not change 
when medicated individuals were excluded from the analysis. 
 A possible limitation of the current study is that smoking status was based on self-
report, which cannot exclude the possibility that unreliable data was submitted (Mair 
et al., 2006). Nicotine-intake can increase PPI-levels in controls and schizophrenia pa-
tients (Duncan et al., 2001; Evans et al., 2005; Postma et al., 2006) and consequently 
may have interfered with our outcome. Furthermore, smoking withdrawal effects can 
decrease PPI-levels (Kumari & Gray, 1999), hence smokers were allowed to smoke ad 
libitum before the assessment. The reported amount of regular smoking behavior was 
quite low in our study and, except for one control individual, restricted to the UHR-
group. Therefore, if smoking did have an effect in the expected direction, a superior 
correction for smoking status would most likely have resulted in larger group differ-
ences and a strengthening of our results.  
 In this paper we report on a unique two-year follow-up study of PPI measures in a 
sample of UHR-adolescents and typically developing controls. Results indicated that 
both startle magnitude and %PPI represent stable vulnerability markers of the psy-
chosis prodrome. Based on a small group of UHR individuals (n = 6) with a psychotic 
episode between assessments, we did not find evidence for increased PPI deficits as-
sociated with transition to psychosis. However, we were able to show an association 
between PPI, symptom severity and subsequent improvement over time, suggesting 
that the magnitude of PPI deficits may partially depend on clinical status. This is in line 
with the idea put forth by others that reduced PPI can be studied as both a trait marker 
and a state marker in schizophrenia research (Meincke et al., 2004; Quednow et al., 
2006; Saccuzzo & Braff, 1986). Future longitudinal studies would benefit from larger 
groups of UHR-individuals converting to psychosis and multiple repeated measures 
over time to establish the nature of the relationship between clinical progression and 
PPI deficits. Direct comparisons between UHR-individuals with and without a genetic 
vulnerability for schizophrenia spectrum disorders and unaffected family members of 
schizophrenia spectrum patients could also provide additional insight into the relative 
contribution of state and trait aspects of these types of vulnerability markers.
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summary and discussion

Despite a long history of clinical and (neuro-)biological research into psychotic syn-
dromes, the underlying causes for their onset remain elusive. This is partially due to 
the clinical heterogeneity of individuals who present themselves with psychotic symp-
toms, which suggests there are multiple “pathways” to psychosis (Sprong et al., 2008). 
It is undisputed however that pathological changes in the structural and functional 
organization of the brain play a key role in its behavioral manifestation. While some 
of the earliest brain changes may already occur in the prenatal period, there is now 
increasing evidence for subsequent pathological processes at later stages of brain 
development, most prominently around the time of onset of psychosis and shortly 
thereafter (Pantelis et al., 2005). The introduction of the ultra-high risk (UHR) model 
has provided clinical research with an effective tool to identify young individuals who 
are putatively ‘prodromal’ or at increased risk for psychosis (McGorry et al., 2003). By 
comparing UHR individuals with typically developing individuals potential neurobio-
logical (or other) vulnerability markers can be investigated. These markers can help 
improve knowledge about the underlying causes of psychosis and optimize predic-
tions for long term clinical outcome. That way, early intervention initiatives can be 
modified and target individuals with the highest need for extra care to prevent clinical 
deterioration. Since the antecedents of psychosis are assumed to develop or progress 
during adolescence (Rutter et al., 2006), this period likely provides the best window of 
opportunity for preventative measures to be taken.

Based on the outline above three research aims were formulated for this thesis:
 
1)  to determine the validity of UHR criteria in predicting the development of subse-

quent psychosis in a group of adolescent individuals 
2)  to explore whether UHR in adolescence is associated with a presence of neurobio-

logical vulnerability markers before the onset of psychosis, as measured by struc-
tural MRI and neurophysiology 

3)  to explore whether neurobiological vulnerability markers become more apparent over 
time in UHR adolescents, in particular for those individuals who develop psychosis.
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in our study: global brain volumes, VBM and cortical thickness. The main findings in-
cluded a more pronounced decrease over time in total brain and white matter volume 
for UHR individuals who made the transition to psychosis relative to controls and a 
greater decrease in total brain volume than UHR individuals who did not transition. 
Furthermore, UHR individuals with subsequent psychosis displayed more thinning in 
widespread areas in the left anterior cingulate gyrus, precuneus and the tempero-pa-
rieto-occipital area than controls. None of the abovementioned brain changes in UHR 
individuals who transitioned to psychosis could be attributed to medication use. It was 
concluded from these results that the development of psychosis during adolescence 
is associated with progressive structural brain changes around the time of onset, as 
has been suggested by others (Pantelis et al., 2005). Because these changes cannot 
be attributed to (antipsychotic) medication use, they are therefore likely to reflect a 
pathophysiological process related to clinical manifestation of psychosis.
 In Chapter 5 three “classic” neurophysiological vulnerability markers for psychotic 
disorders (Thaker, 2008) were assessed to find out whether similar changes are present 
in UHR adolescents. Data for P50 suppression, prepulse inhibition (PPI) and smooth 
pursuit eye movement (SPEM) were analyzed for 63 UHR adolescents and 68 typi-
cally developing controls. The results showed that only when data for (antipsychotic) 
medication use was added to the statistical analyses to assess its influence, PPI was 
reduced for UHR individuals compared to controls. These results suggest that PPI is 
a relatively early vulnerability marker, while changes in other neurophysiological mea-
sures may only be detected or affected later during the course of illness. Furthermore, 
use of (antipsychotic) medication may have a neuroprotective effect and obscure the 
presence of this marker. The only previously published PPI study in adult UHR individu-
als (Quednow et al., 2008) reported similar results, confirming the possibility of this 
phenomenon also occurring in the adolescent UHR population.
 Chapter 6 continues where chapter 5 ends, by investigating the validity of PPI as 
a vulnerability marker for clinical outcome over time. This is a longitudinal, two-year 
follow-up study of PPI in a large sample of UHR adolescents (n = 42) and typically 
developing controls (n = 32). The outcome indicated that UHR individuals showed re-
duced PPI over time compared to controls. Furthermore, an increase in PPI parameters 
was associated with clinical improvement in UHR individuals. The reverse could not 
be demonstrated for the small group of UHR individuals who converted to psychosis  
(n = 6) during our study. An unanticipated developmental increase in startle magni-
tude partially confounded the interpretation of the association between clinical status 
and PPI. In conclusion, we were able to show an association between PPI, symptom 
severity and subsequent clinical improvement over time, suggesting that the magni-
tude of PPI deficits may partially depend on clinical status. This lends further support 
to the idea that reduced PPI can be studied as both a trait marker and a state marker 
for psychosis (Meincke et al., 2004; Saccuzzo & Braff, 1986).

summary of rEsults

In Chapter 2 we investigated the predictive validity of UHR criteria for psychosis in 72 
adolescents over a two-year follow-up period. Additionally, we investigated how many 
of these individuals still fulfilled UHR criteria at follow-up and whether this remission 
from UHR status could be predicted based on clinical and socio-demographic differ-
ences at baseline. Internationally established screening instruments and retrospective 
chart-reviews were used to evaluate transition to psychosis and UHR status. The results 
showed that at the end of the follow-up period 15.6% of UHR adolescents had expe-
rienced a psychotic transition and 49.1% of UHR individuals had remitted from their 
original UHR status. Socio-demographic variables and clinical scales at baseline did 
not discriminate between UHR individuals who sustained their UHR status and those 
who remitted. This study is in line with recent reports of declining transition rates in 
UHR individuals over time (Yung et al., 2008) and shows that adolescents meeting UHR 
criteria are more likely to have remitted from their UHR status after two years than to 
have made a transition to psychosis. This also supports findings from a similar, more 
recent one-year follow-up of adolescent and adult UHR individuals (Simon & Umbricht, 
2010). Furthermore it emphasizes the need for an improved validation of the risk as-
sessment for psychosis and clinical outcome in young individuals. 
 In Chapter 3 we explored whether neurobiological vulnerability markers can be 
detected using structural MRI measures in UHR adolescents before the onset of psy-
chosis. Fifty-four UHR adolescents were compared with 54 typically developing ado-
lescents on cross-sectional measures of global gray and white matter volume, as well 
as regional gray or white matter density with VBM. Based on previous structural MRI 
findings in young adult UHR populations (Borgwardt et al., 2008b; Borgwardt et al., 
2007; Meisenzahl et al., 2008; Pantelis et al., 2003; Velakoulis et al., 2006; Walterfang 
et al., 2008a; Witthaus et al., 2008), we hypothesized that our UHR group would have 
smaller total brain volume and less gray and white matter density in (pre-) frontal and 
medial temporal lobe areas. Contrary to our expectations we found no evidence for 
brain changes in the UHR group and brain volumes did not correlate with clinical 
symptoms (Ziermans et al., 2009). These results suggest that brain changes reported 
in older UHR populations may only occur later developmentally or be secondary to 
prodromal symptoms that precede the onset of psychosis.
 For the longitudinal study presented in Chapter 4, UHR adolescents and control 
participants participated in a second structural MRI scan two years after the initial as-
sessment. Although no cross-sectional differences were found at baseline (Ziermans 
et al., 2009), longitudinal study designs benefit from a higher statistical power to de-
tect subtle brain changes, due to the reduced influence of inter-individual variance 
(Steen et al., 2007). It was expected that this increased sensitivity would help identify 
UHR vulnerability markers by investigating the rate of brain change over time. Rate 
of brain change was compared between the UHR (n = 43) and control group (n = 30) 
and post hoc analyses were conducted for UHR individuals who became psychotic  
(n = 8) and those who did not (n = 35). We used three complementary imaging methods 
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treatment (e.g., antipsychotic medication) for these symptoms and were functioning 
above average at the end of the follow-up. On the other end of the spectrum, there 
were individuals who were functioning below average during all follow-up assessments 
but never formally met the psychosis threshold according to our criteria. Therefore it 
is possible that some psychotic transitions were overlooked and that some identified 
transitions were not indicative of long-term disability.

Age
As emphasized throughout this thesis, our UHR cohort was relatively young compared 
to other UHR cohorts. Although most UHR studies recruit a proportion of young ad-
olescent individuals, inclusion can sometimes extend until 40 years of age (Olsen & 
Rosenbaum, 2006b). Since the relative contribution of genetic and environmental fac-
tors may vary with increasing age for different brain regions (Hulshoff Pol et al., 2006; 
Lenroot et al., 2007; Peper et al., 2009), it is unlikely that (a lack of) neurobiological 
risk factors in this thesis will translate directly to significantly older UHR populations. 
Additionally, in some instances little is known about the natural course of neurobiologi-
cal parameters during adolescence (see, for example, the developmental increase in 
startle amplitude reported in Chapter 6). Our results should therefore also be interpret-
ed within the confines of what is known about typical adolescent (brain) development. 

Sample bias
Several other aspects of our group samples further limit the generalizability of our 
results. First, most of our UHR participants had already sought help before the initial 
intake (Sprong et al., 2008), while individuals in other UHR cohorts usually do not 
have a history of contact with mental health services. That could indicate that either 
our UHR group was clinically more severely affected or that they were more prone 
to seek help related to their relatively young age (generally initiated by concerned 
parents/caregivers). Additionally, early clinical care could have also influenced our re-
sults by the introduction of (differential) treatment effects (see medication effects in 
Chapter 5). Second, as described in Chapter 3 and a previous publication (Sprong et 
al., 2008), a substantial part of our UHR sample included a subgroup of subjects with 
an autistic spectrum diagnosis of Pervasive Developmental Disorder - Not Otherwise 
Specified (PDD-NOS), subtype Multiple Complex Developmental Disorder (MCDD). 
Theoretically, the inclusion of these subjects could have introduced a sample bias. 
However, because the focus of this thesis is on the validity of the UHR concept and its 
associated vulnerability markers, we only included those MCDD individuals who met 
the full criteria for UHR. Furthermore, a separate analysis of data for individuals with 
MCDD yielded results similar to the overall findings for UHR individuals in Chapter 3, 
as well as Chapters 4 & 5 (not reported). As such, it seems unlikely that the inclusion of 
this group greatly affected our results. Third, the typically developing control individu-
als (Chapters 3-6) were thoroughly screened for presence of physical or mental prob-
lems, as well as for psychiatric problems in their families. As a result many individuals 
that volunteered as a control person were excluded from participation. Consequently, 

lImItatIons

In a now (in-) famous publication by John Ioannidis titled: “Why most published re-
search findings are false” (Ioannidis, 2005), the following statement is made about 
factors that limit the interpretation of published research results in general: 

“There is increasing concern that most current published research findings are false…, 
a research finding is less likely to be true when the studies conducted in a field are 
smaller; when effect sizes are smaller; when there is a greater number and lesser prese-
lection of tested relationships; where there is greater flexibility in designs, definitions, 
outcomes, and analytical modes; when there is greater financial and other interest and 
prejudice; and when more teams are involved in a scientific field in chase of statistical 
significance.”

Bearing this in mind, several specific limitations of our studies require further 
consideration.

Transition 
The transition rate described in Chapter 2 (15.6%; n = 9) provides valuable information 
on the validity of UHR criteria for predicting adolescent psychosis: UHR has limited 
short-term validity for psychosis in adolescents and they are far more likely to remit 
from UHR status than to make a transition. Nevertheless, the low absolute number 
of transitions minimized the statistical power for more elaborate analyses, such as 
multivariate regression analysis, to investigate what factors had the highest predictive 
value for psychosis. Additionally, our low transition rate lessens the odds of being able 
to identify specific neurobiological vulnerability markers of psychosis for studies de-
scribed in Chapter 3 - 6. Therefore some potential markers may have gone unnoticed 
or, instead, specific markers for the group of psychotic individuals (Chapter 4) were 
perhaps only detected because of relative outliers or a subgroup bias. Furthermore, 
biomarkers associated with UHR symptoms are not necessarily specific to psychosis as 
these symptoms also occur in other psychiatric populations and the general popula-
tion. Based on the relatively young age of our participants, it is likely however that 
the transition rate will continue to rise in years to come which will permit additional 
retrospective analyses of the data presented in this thesis. This said, another critical 
issue regarding transition rates concerns the conceptual definition of psychosis in UHR 
research. In a recent article Yung et al. (2010a), the first group to operationalize UHR 
criteria, conclude that transition as defined for UHR research may be trivial in some 
cases. Therefore, researchers cannot assume that a person with transitory psychotic 
symptoms and a good functional outcome has the same biomarkers as a person who 
makes ‘transition’ and develops a chronic course typical of severe schizophrenia. 
 Based on our experiences with the clinical assessments, we concur with the conclu-
sion above that transition may have been trivial in some cases. Indeed we found that 
some individuals meeting research criteria for psychosis were not receiving specific 
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understand abstract reasoning is difficult to assess because that is a cognitive skill presum-
ably still under development at that age. Other questions also require a great deal of self-
reflection about one’s own feelings, thoughts and experiences that they may have trouble 
verbalizing for themselves. Furthermore, lengthy assessments can interfere with the ca-
pacity and willingness of, especially young, participants to provide reliable answers. 

ImPlIcatIons anD futurE DIrEctIons

The relatively low transition rate and high remission rate reported for our UHR sample 
(Chapter 2), as well as recent reports from other UHR cohorts, have two important 
implications. 
 First, a possibly valid explanation for declining transition rates over time (Haroun et 
al., 2006; Ruhrmann et al., 2010; Yung et al., 2008) is that early recognition and early in-
tervention may reduce symptoms and prevent or delay subsequent onset of psychosis. 
Intervention trials are required to study the specific effects of clinical and medication 
therapy, ideally in a randomized-control design to minimize the confounding influence 
of (spontaneous) clinical remission. The first reports on the effectiveness of early inter-
ventions are mildly optimistic about the use of cognitive therapy and (its combination 
with) antipsychotic medication. However, antipsychotic medication appears to offer no 
additional benefit to cognitive therapy and the most rigorous intervention study to date 
showed no beneficial effects for prodromal individuals using the atypical antipsychotic 
Olanzapine (McGorry et al., 2009). Given the potentially adverse effects of antipsychot-
ics (e.g., stigmatization, weight gain, sexual dysfunction) and the high number of UHR 
individuals who remit regardless of medication use (Simon & Umbricht, 2010; and see 
Chapter 2), there is currently insufficient evidence to justify the use of antipsychotics 
based on the fulfilment of UHR criteria alone. Instead, safer intervention strategies with 
equally positive results, such as cognitive therapy, should be considered as the pre-
ferred method of treatment. With this in mind, promising results from a recent interven-
tion study have identified omega-3 polyunsaturated fatty acid supplements as another 
useful alternative to antipsychotics (Amminger et al., 2010). 
 A second implication could be that the predictive validity of UHR criteria is cur-
rently insufficient and awaits further improvement of multi-level risk classification to 
determine which persons have the most urgent need for clinical intervention. Current 
prediction models (e.g., Cannon et al., 2008; Ruhrmann et al., 2010) have been able to 
identify (socio-demographic and clinical) factors with a high positive predictive value 
based upon inclusion of large sample numbers; however, these factors still need to 
be cross-validated by applying them to UHR populations from other study sites, us-
ing similar assessment procedures. Greater participant numbers would also facilitate 
the much-needed inclusion of putative neurobiological vulnerability markers, such as 
PPI and cortical thinning, in prediction models to increase their accuracy. Additional 
value may come from making prediction models more age-specific, as the relative 
significance of vulnerability markers may change over time. For example, factors such 

it is possible that our control group constitutes an “ultra-healthy” adolescent subsam-
ple, which may not be fully representative of the general adolescent population.

Medication use
Psychotropic medication can have an effect on structural brain measures (Duman & 
Monteggia, 2006; Mattai et al., 2010; Navari & Dazzan, 2009) and neurophysiologi-
cal parameters (Hammer et al., 2007; Kumari & Sharma, 2002; Oranje et al., 2008; 
Reilly et al., 2008) depending on medication type, dosage and exposure duration. 
A large proportion of our UHR individuals (43.1%) was already taking some form of 
psychotropic medication at initial intake, which potentially influenced our results (as 
demonstrated in Chapter 5). The most common psychotropic drugs were atypical 
antipsychotics (in particular, Risperidone) and antidepressants (in particular, selective 
serotonin reuptake inhibitors; SSRIs), but the overall variety was quite large (for an in-
dication see Chapter 4, Table 3). Due to this diversity statistical corrections for medica-
tion use were restricted for Chapters 2-6, in particular for the longitudinal assessments 
since medication in some cases changed in type or dosage over time. It is important 
to highlight that antipsychotic drug prescriptions were often based on the observation 
of impulse-regulation problems by individual psychiatrists, in accordance with general 
guidelines for child & adolescent psychiatrists. Arguably though, for a few individuals 
antipsychotic medication may have primarily been prescribed based on psychotic-like 
symptoms. Possibly this medication helped prevent further clinical deterioration and 
thereby influenced the outcome of our studies. However, due to the naturalistic design 
of our project and the variety of medication used, this type of treatment effect could 
not be studied properly.

Assessment methods
Although methods like structural neuroimaging and neurophysiology have greatly en-
hanced the opportunity to study the brain in vivo, there are limits to interpreting their 
output. Change in brain volume, gray/white matter “density” and/or cortical thickness 
gives little information about the fundamental neurobiological processes responsible 
for these changes. Without a connection to underlying genetic, molecular, cellular 
and functional mechanisms, structural brain changes can only provide clues about 
the tissue type, brain regions or developmental trajectories involved in the origin of 
a particular psychopathological behavior. Interpretation of neurophysiological activity 
is mostly restricted by a lack of detailed spatial resolution in order to determine the 
generating or modulating sources of the observed (abnormal) activity. Another caveat 
is the relative sensitivity of these measures to small changes in paradigm settings or 
potential influence of factors such as medication, smoking and drug use. 
 A final limitation that requires some attention here, is the use of clinical assessments 
originally designed for (young) adult populations. Even though clinical screening instru-
ments in our study (SIPS/SOPS & BSABS) are widely used and have previously been vali-
dated, the reliability for some items is potentially low in the youngest participants. For 
example, to question a twelve-year old about the deterioration in his or her ability to 
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Color figures

Chapter 4, figure 1: Change in total brain (left panel) and white matter (right panel) volume per 
year for controls, ultra-high risk individuals without psychosis (UHR-NP) and with psychosis (UHR-P). 
Individual data and group means are shown.

Chapter 4, figure 2: Cortical thinning in the left hemisphere for ultra-high risk individuals with 
psychosis compared to typically developing controls, controlled for age, sex, handedness and total IQ. 
The critical F-value was 8.96. Boxes illustrate mean standardized residuals for all groups ± standard 
errors for peak vertices in anterior cingulate cortex (left) and middle temporal gyrus (right). 
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Chapter 6, figure 1. Means of  the log-transformed pulse alone amplitude for the control and ultra-
high risk (UHR) group at T1 and T2 assessment (left), separated for UHR-individuals who did not 
become psychotic (UHR-NP) and those who did (UHR-P) (right).

Chapter 6, figure 2. Mean percentage prepulse inhibition (+ 1 standard error) for the control and 
ultra-high risk group at T1 and T2 assessment (left), separated for UHR-individuals who did not become 
psychotic (UHR-NP) and those who did (UHR-P) (right).

Chapter 6, figure 3. Percentage prepulse inhibition per ultra-high risk individual, categorized for 
each medication type a T1 assessment (left) and T2 assessment (right). Individuals who did not become 
psychotic during follow-up (UHR-NP) are indicated in blue dots and those with a psychotic transition in 
between assessments (UHR-P) are indicated in red dots.
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Chapter 5, figure 1: P50 auditory evoked potential of  Cz-electrode site in response to the conditioning 
(C-stimulus) and testing stimuli (T-stimulus) in the control group (left) and the ultra-high risk (UHR) 
group (right).

Chapter 5, figure 2: Total percentage prepulse inhibition (± 95% confidence interval). Left: data 
of  ultra-high risk (UHR) and the healthy control group corrected for antipsychotic medication use. 
Right: Same data, but separate bars for UHR individuals without (UHR-AP) and with antipsychotics 
(UHR+AP). * p <.05.

Chapter 5, figure 3: Smooth pursuit eye movements as a function of  velocity gain (left) and number of  
saccades per second (right) for ultra-high risk (UHR) individuals (red) and typically developing controls (blue).
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In transitie
Een longitudinale exploratie van het adolescentenbrein met een risico op psychose

In transItIE

De betekenis van de hoofdtitel van dit proefschrift zal niet meteen duidelijk zijn voor 
iedereen en heeft daarom enige toelichting nodig. In de eerste plaats heeft de titel 
betrekking op de term “psychotische transitie”. Hiermee wordt verwezen naar een 
waarneembare verandering van milde psychotische symptomen naar een diagnosti-
ceerbare psychotische stoornis. Deze term wordt vaak toegepast in de literatuur over 
hoog-risico op psychose, welke grotendeels de basis heeft gevormd voor dit proef-
schrift. In de tweede plaats verwijst de titel naar de snelle vooruitgang die geboekt 
wordt bij het streven naar betere predictie- en preventiestrategieën voor psychose. 
Ten derde, de nadruk van dit proefschrift ligt op onderzoek bij individuen in de ado-
lescentie; een periode waarin ingrijpende transities plaatsvinden op het niveau van de 
fysieke, neurobiologische, cognitieve en emotionele ontwikkeling. Tot slot verwijst de 
titel naar mijn eigen groeiproces gedurende het onderzoek, zowel op persoonlijk als 
wetenschappelijk gebied. 

InlEIDIng

Het begrip ‘psychose’ laat zich moeilijk omschrijven vanwege de heterogene wijze 
waarop dit ziektebeeld zich uit. In het algemeen verwijst psychose echter naar een 
mentale staat waarin de realiteitstoetsing ernstig is aangetast. Er is dan sprake van een 
gebrek aan inzicht in de mate waarin perceptuele ervaringen (hallucinaties) of vreem-
de ideeën (wanen) op waarheid berusten, al dan niet gecombineerd met afwijkingen 
in het denken en het gedrag (desorganisatie). Hoewel psychotische symptomen sterk 
kunnen variëren per individu, hebben deze vrijwel altijd een negatieve invloed op het 
dagelijks functioneren van de betrokken personen en op hun omgeving. 
 Schizofrenie is de meest voorkomende en meest uitgebreid bestudeerde psychoti-
sche stoornis. Psychosen komen echter ook voor bij andere psychiatrische stoornissen 
zoals affectieve stoornissen, persoonlijkheidsstoornissen en pervasieve ontwikkelings-
stoornissen. Er zijn tevens enkele klinisch-genetische syndromen (Klinefelter syndroom, 
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onderliggende oorzaken van psychosen en helpen bij het optimaliseren van predictie 
en preventie. Omdat dergelijke indicatoren vermoedelijk het vroegst te onderschei-
den zijn tijdens de adolescente ontwikkeling, biedt deze fase ook de beste mogelijk-
heden om preventieve maatregelen toe te passen en is het belangrijk om onderzoek 
uit te voeren bij jongeren die voldoen aan UHR criteria. 

DoEl van hEt huIDIgE onDErzoEk

Alle onderzoek verricht voor dit proefschrift komt voort uit het project ‘Dutch 
Prediction of Psychosis Study’ (DUPS). DUPS is een longitudinaal onderzoeksproject 
dat in 2002 werd gestart als een samenwerkingsverband tussen de afdeling Psychiatrie 
in het Academisch Medisch Centrum (AMC) in Amsterdam en de afdeling Kinder- en 
Jeugdpsychiatrie van het Universitair Medisch Centrum (UMC) in Utrecht. Alle gege-
vens voor de studies in dit proefschrift werden uitsluitend verzameld in het UMC. 
Conform andere, vergelijkbare, UHR-projecten is de algemene doelstelling van DUPS 
om kennis te genereren over potentiële kwetsbaarheidindicatoren, om de onderlig-
gende pathogenese van psychotische stoornissen beter te kunnen begrijpen. Deze 
kennis kan worden gebruikt om predictie van psychose te optimaliseren en vervol-
gens tot het ontwikkelen van nieuwe interventiemethoden. Verreweg het meeste UHR-
onderzoek is verricht bij jongvolwassenen, terwijl wordt aangenomen dat de vroeg-
ste waarneembare voorlopers van psychose meestal plaatsvinden tijdens de (vroege) 
adolescente periode. Daarom ligt in dit proefschrift de nadruk op de exploratie van 
kwetsbaarheidindicatoren in de hersenen van UHR-adolescenten door middel van on-
derzoek naar hersenstructuren en hersenfuncties met behulp van respectievelijk struc-
turele magnetische resonantie imaging (MRI) en neurofysiologische meetmethoden 
(EEG, EMG, EOG). De volgende onderzoeksdoelen werden geformuleerd voor dit 
proefschrift:

1)  Bepalen van de predictieve validiteit van UHR-criteria voor het ontstaan van psy-
chose bij adolescenten.

2)  Exploreren of de prodromale fase bij UHR-adolescenten geassocieerd is met de 
aanwezigheid van neurobiologische kwetsbaarheidindicatoren.

3)  Exploreren of neurobiologische kwetsbaarheidindicatoren meer prominent aanwe-
zig zijn na verloop van de tijd, in het bijzonder voor personen met een psychose. 

rEsultatEn

In hoofdstuk 2 werd de predictieve validiteit van UHR-criteria voor psychose onder-
zocht bij 72 adolescenten gedurende een follow-up periode van twee jaar. Daarnaast 
is onderzocht hoeveel van deze personen nog steeds voldeden aan UHR-criteria na 

22q11-deletie syndroom) waarbij een psychose relatief vaak voorkomt. Bovendien kan 
een psychose veroorzaakt worden door een aantal interne of externe factoren, zoals 
(overmatige) consumptie van genotsmiddelen (bijvoorbeeld alcohol, cannabis), slaap-
tekort, vitaminegebrek of neurologische aandoeningen (bijvoorbeeld hersentumoren, 
epilepsie). 
 Ongeveer 3,8% van de volwassen bevolking heeft gedurende het leven een psy-
chotische episode doorgemaakt en 1% wordt naar schatting gediagnosticeerd met 
schizofrenie. Hoewel schizofrenie vaker voorkomt bij mannen, is de sekseverdeling 
voor alle psychotische stoornissen samen nagenoeg gelijk. De eerste symptomen 
openbaren zich meestal tijdens de adolescentie of jongvolwassenheid en dat gebeurt 
gemiddeld op jongere leeftijd bij mannen dan bij vrouwen. 
 Ondanks een lange historie van klinisch en (neuro-)biologisch onderzoek, zijn de 
exacte oorzaken van psychotische stoornissen vooralsnog onduidelijk. Echter, er is wel 
veel bekend over factoren die een verhoogd risico op psychose geven. Er is bijvoor-
beeld veel bewijs uit familieonderzoek dat een genetische aanleg voor de stoornis 
een belangrijke rol kan spelen. Zo neemt de kans op schizofrenie toe met de mate van 
genetische verwantschap aan een persoon met schizofrenie. Op basis daarvan heeft 
een eeneiige tweeling van iemand met schizofrenie relatief het hoogste risico om de 
ziekte ook te krijgen. Echter, een dergelijke genetische predispositie is niet de enige 
verklarende factor, want ook omgevingsfactoren zoals prenatale of perinatale com-
plicaties, een laag IQ, jeugdtrauma, een lage sociaaleconomische status, cannabis 
gebruik, mate van verstedelijking en het behoren tot een etnische minderheid, kunnen 
van invloed zijn op het ontwikkelen van een psychotische stoornis. 
 Tegenwoordig wordt er vanuit gegaan dat genetische en omgevingsfactoren (kun-
nen) leiden tot (pathologische) veranderingen in de structurele en functionele orga-
nisatie van de hersenen. Hoewel de vroegste veranderingen in de hersenen al op 
kunnen treden in de prenatale periode, wordt recentelijk ook steeds meer bewijs ge-
vonden voor de aanwezigheid van progressieve pathologische processen in latere 
stadia van de hersenontwikkeling. Deze processen lijken het meest prominent te zijn 
rond de tijd waarop de psychose manifest wordt en de periode kort daarna. Er is 
daarom in het afgelopen decennium aanzienlijk meer aandacht gekomen voor de fase 
voorafgaand aan een psychose, ook wel ‘prodromale’ fase genoemd. De introductie 
van het zogenaamde Ultra-High Risk (UHR) model heeft er toe geleid dat potentieel 
prodromale mensen geïdentificeerd kunnen worden op basis van (een combinatie van) 
klinische symptomen. Uit diverse UHR-projecten is gebleken dat gemiddeld 35-40% 
van jongvolwassenen proefpersonen een psychotische transitie ondergaat binnen het 
eerste jaar na inclusie. Echter, de percentages verschillen sterk per project en het 
aantal nieuwe transities neemt over het algemeen sterk af na het eerste jaar. Om te 
kunnen achterhalen welke factoren uiteindelijk bepalen of iemand wel of niet psycho-
tisch wordt, is het noodzakelijk om UHR-individuen over langere tijd te blijven volgen. 
Hierdoor kunnen (neurobiologische) kenmerken geïdentificeerd worden die een per-
soon potentieel kwetsbaar maken voor een toekomstige psychose. Deze kwetsbaar-
heidindicatoren (vulnerability markers) kunnen vervolgens nieuwe inzichten geven in 
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met progressieve veranderingen in hersenstructuren rond de psychotische transitie, 
zoals eerder is geopperd door andere onderzoekers. 
 In hoofdstuk 5 werden drie “klassieke” neurofysiologische kwetsbaarheidindicato-
ren voor schizofrenie onderzocht om te exploreren of soortgelijke veranderingen ook 
aanwezig zijn in UHR-adolescenten. Gegevens voor P50 suppressie, prepulse inhibitie 
(PPI) en smooth pursuit eye movement (SPEM) werden geanalyseerd voor 63 UHR-
adolescenten en 68 gezonde controles. Een korte beschrijving van de inhoud van 
deze taken is te vinden in hoofdstuk 1 van dit proefschrift (in het Engels). De resultaten 
toonden aan dat, alleen wanneer gegevens voor (antipsychotisch) medicatiegebruik 
werden toegevoegd als covariaat aan de statistische analyses, PPI gereduceerd was 
voor UHR-personen in vergelijking met controles. Deze resultaten suggereren dat PPI 
een relatief vroege kwetsbaarheidindicator is en dat afwijkingen in andere kwetsbaar-
heidindicatoren voor schizofrenie later gedurende het ziekteproces opgemerkt kunnen 
worden. Bovendien is het mogelijk dat (antipsychotische) medicatie een neuroprotec-
tief effect hebben en de eventuele aanwezigheid van deze indicatoren maskeren. 
 In hoofdstuk 6 werd onderzocht of PPI gereduceerd is over verloop van tijd en 
of PPI tevens een indicator is voor de latere klinische status van UHR-personen. In 
deze longitudinale follow-up studie werd PPI na twee jaar opnieuw gemeten bij 42 
UHR-personen en 32 controles. De resultaten bevestigden dat in vergelijking met 
controles PPI op beide meetpunten gereduceerd was bij UHR-personen, ongeacht 
medicatiegebruik. Bovendien bleek – op basis van symptoomscores – een toename 
in PPI-parameters bij UHR-individuen geassocieerd te zijn met verbetering van de kli-
nische status. Echter, een verdere achteruitgang van PPI-parameters bij psychotische 
individuen na transitie kon niet worden aangetoond, mogelijk omdat deze groep te 
klein was (n = 6). Verder werd de interpretatie van de associatie tussen klinische status 
en PPI bemoeilijkt door een onverwachte stijging met de leeftijd van de startle reac-
tiviteit voor beide groepen. De resultaten van dit onderzoek ondersteunen de hypo-
these dat PPI-reductie zowel als trait en als state marker voor psychose onderzocht kan 
worden. 

Samenvatting resultaten
In dit proefschrift is onderzocht of adolescenten met een hoog risico op psychose 
adequaat geïdentificeerd kunnen worden en of er bij hen sprake is van neurobiologi-
sche kwetsbaarheidindicatoren. Uit de resultaten kwam naar voren dat 15,6% van de 
UHR-adolescenten binnen twee jaar een psychotische transitie heeft doorgemaakt. De 
kans op afname van UHR-symptomen was daarentegen ruim drie keer zo groot. Cross-
sectioneel onderzoek met structurele MRI en neurofysiologische taken liet zien dat 
kwetsbaarheidindicatoren nog grotendeels afwezig zijn bij adolescenten in de prodro-
male fase of moeilijk zijn op te pikken met de toegepaste beeldvormingtechnieken. 
Uit longitudinaal onderzoek bleek echter dat prepulse inhibitie van de startle response 
gereduceerd is bij UHR-adolescenten en dat individuen met een psychotische transitie 
gemiddeld een snellere afname laten zien van globaal hersenvolume, volume van de 
witte hersenstof en dikte van het corticale oppervlak in de linker hemisfeer. 

twee jaar. Aan de hand van internationaal gevalideerde interviews en retrospectieve 
statusbeoordelingen (met behulp van verslagen uit medische dossiers) werden even-
tuele transities naar psychose en de individuele UHR-statussen geëvalueerd. Aan het 
einde van de follow-up periode had 15,6% van de adolescenten een transitie naar 
psychose ondergaan en 49,1% voldeed niet langer aan de UHR-criteria. Personen die 
na twee jaar nog of niet langer voldeden aan UHR-criteria onderscheidden zich bij 
aanvang van het onderzoek niet van elkaar op basis van sociodemografische variabe-
len. Met dit onderzoek is aangetoond dat adolescenten die voldoen aan UHR-criteria 
een veel grotere kans hebben op remissie van een UHR-status na twee jaar dan op 
een psychotische transitie, wat aansluit bij bevindingen uit recent onderzoek bij een 
deels volwassen UHR-groep. Bovendien benadrukt deze studie de noodzaak voor een 
betere validatie van het UHR-concept bij jonge individuen. 
 In hoofdstuk 3 werd onderzocht of neurobiologische kwetsbaarheidindicatoren 
tijdens de prodromale fase kunnen worden vastgesteld met behulp van structurele 
MRI (volumetrisch en VBM). Vierenvijftig UHR-adolescenten werden vergeleken met 
een controlegroep van 54 adolescenten zonder prodromale symptomen. Op basis van 
eerdere bevindingen bij volwassen UHR-populaties werd verwacht dat de UHR-groep 
gemiddeld een kleiner globaal hersenvolume en minder witte en grijze hersenstof 
zou laten zien in de (pre-)frontale en de (mediale) temporaalkwabben van de herse-
nen. Tegen onze verwachtingen in werd geen bewijs gevonden voor veranderingen 
in de hersenen bij de UHR-groep en hersenenvolumes correleerden niet met klini-
sche symptomen. Deze resultaten suggereren dat eventuele grote veranderingen in 
hersenstructuur, die eerder gerapporteerd zijn voor oudere UHR-populaties, alleen 
tijdens een latere fase van de hersenontwikkeling vastgesteld kunnen worden en dat 
deze mogelijk secundair zijn aan het ontstaan van prodromale symptomen. 
 Voor het onderzoek in hoofdstuk 4 werden 43 UHR-adolescenten en 30 controle 
proefpersonen gerekruteerd om deel te nemen aan een tweede structurele MRI-scan, 
ongeveer twee jaar na de eerste scan. Omdat longitudinale data doorgaans statis-
tisch meer robuust zijn om groepsverschillen vast te stellen, werd verwacht dat deze 
studie beter in staat zou zijn om eventuele kwetsbaarheidindicatoren aan te tonen. 
Verschilscores (scan 2 – scan 1/ tijdsinterval) van diverse hersenmaten werden verge-
leken tussen de UHR- en controlegroep. Post hoc analyses werden uitgevoerd voor 
UHR-personen met en zonder een psychotische episode in de tussenliggende tijd. 
Uit de resultaten bleek dat er sprake was van een meer uitgesproken afname van het 
globale hersenvolume en witte stof volume voor UHR-personen met een psychose ten 
opzichte van de controles en een grotere afname in totaal hersenvolume dan UHR-
personen zonder psychose. Bovendien lieten UHR-personen met psychose in vergelij-
king met de controles een wijdverspreide, versnelde afname zien in de dikte van het 
corticale oppervlak bij de linker gyrus cingulatus anterior, precuneus en het tempero-
parieto-occipitale gebied. Geen van de bovengenoemde veranderingen in de herse-
nen bij UHR-personen met een psychotische transitie kon toegeschreven worden aan 
gebruik van psychofarmaceutische medicatie. Uit deze bevindingen werd geconclu-
deerd dat de ontwikkeling van een psychose tijdens de adolescentie geassocieerd is 
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geoordeeld over het gebruik van cognitieve therapie en (een combinatie met) anti-
psychotica. Echter, antipsychotische medicatie lijkt geen extra voordelen te bieden 
ten opzichte van cognitieve therapie. Gezien de mogelijk schadelijke effecten van 
antipsychotica (stigmatisering, gewichtstoename, seksuele disfunctie, metabool syn-
droom) en het hoge aantal UHR-remissies die niet gerelateerd zijn aan medicatiege-
bruik, is er thans onvoldoende evidentie om gebruik van antipsychotica uitsluitend op 
basis van UHR-criteria te rechtvaardigen. Minder ingrijpende interventiestrategieën 
met positieve onderzoeksresultaten, zoals cognitieve therapie, zouden daarom als de 
prefereerbare optie voor behandeling moeten worden beschouwd.
 De predictieve validiteit van UHR-criteria voor psychose is nu nog onvoldoende en 
dient verder aangescherpt te worden. Huidige predictiemodellen uit Duitsland en de 
Verenigde Staten hebben met behulp van grote groepen proefpersonen enkele (so-
ciodemografische en klinische) factoren kunnen identificeren met een hoge voorspel-
lende waarde voor psychose. Echter, deze factoren dienen nog gevalideerd te worden 
door toepassing bij andere UHR-populaties. Grote onderzoeksgroepen bieden ook de 
mogelijkheid om eventuele neurobiologische kwetsbaarheidindicatoren (bijvoorbeeld 
PPI, hersenstofvolume) te integreren in predictiemodellen om hun nauwkeurigheid 
te vergroten. Verder kan overwogen worden om predictiemodellen meer leeftijds-
specifiek te maken, aangezien het belang van bepaalde kwetsbaarheidindicatoren 
kan verschuiven naarmate de leeftijd toeneemt. De inspanningen om transitie naar 
een ambigue drempel voor psychose nauwkeurig te kunnen voorspellen, zouden bo-
vendien ook gericht moeten worden op predictie van algemeen functioneren op de 
lange termijn (sociaal- , school-, beroeps- en rolfunctioneren). Op die manier kunnen 
interventies uiteindelijk worden aangewend ter preventie van psychose, maar ook ter 
preventie van een negatief klinisch beloop zonder psychose. 
 De methodologische beperkingen van de beeldvormingtechnieken in dit proef-
schrift kunnen in toekomstige studies verminderd worden door te profiteren van mul-
timodale methoden, waarbij verschillende aspecten van structurele en functionele 
hersenmaten kunnen worden gecombineerd. Verscheidene nieuwe methodologische 
ontwikkelingen, bijvoorbeeld op het gebied van diffusion tensor imaging (DTI) en mag-
netoencephalograpy (MEG), kunnen dergelijke informatie op een meer informatieve 
manier integreren en illustreren. Het verzamelen van longitudinale neuroimaging data, 
bij voorkeur met behulp van identieke of soortgelijke protocollen om meetfouten te 
beperken, kan bijdragen aan pogingen om verschillende fases van de hersenontwik-
keling beter in kaart te brengen. In het huidige proefschrift konden daardoor bijvoor-
beeld kwetsbaarheidindicatoren geïdentificeerd worden die bij cross-sectionele data 
waarschijnlijk onopgemerkt waren gebleven.
 Ten slotte dient benadrukt te worden dat onderzoek bij kinderen en adolescenten 
die risico lopen op psychose een zorgvuldige aanpak vereist, waarbij rekening wordt 
gehouden met de verschillende kwetsbare kanten van adolescenten. Tevens verdient 
het aanbeveling om voor zeer jonge deelnemers de inhoud van klinische interviews op 
enkele punten aan te passen aan de leeftijdsfase, bijvoorbeeld door het weglaten van 
overlappende vragen en/of het vereenvoudigen van de vraagstelling. 

Beperkingen
De relatief lage transitieratio heeft waardevolle informatie opgeleverd over de constructva-
liditeit van UHR-criteria voor het voorspellen van psychose bij adolescenten. Desondanks 
heeft de lage transitieratio ook de statistische analyses beperkt, waardoor het in ons 
onderzoek bijvoorbeeld niet mogelijk was om met behulp van multivariate regressie een 
solide predictiemodel te maken. De kans bestaat dat door de kleine groepsomvang in 
hoofdstuk 3 - 6 potentiële neurobiologische kwetsbaarheidindicatoren onopgemerkt zijn 
gebleven of dat ze alleen werden opgepikt vanwege relatieve uitschieters in de groep. 
Ook hoeven kwetsbaarheidindicatoren die geassocieerd zijn met UHR-symptomen niet 
specifiek te zijn voor psychose, aangezien deze symptomen eveneens voorkomen bij 
andere psychiatrische en gezonde populaties. Echter, vanwege de jonge leeftijd van de 
deelnemers is het aannemelijk dat de transitieratio nog zal stijgen de komende jaren, 
hetgeen vernieuwde retrospectieve analyses van onze data mogelijk zal maken. 
 Een andere cruciale kwestie met betrekking tot transitieratio betreft de definitie 
van psychose bij UHR-onderzoek. Op basis van onze ervaringen met de klinische 
evaluaties en UHR-criteria, zijn wij van mening dat het vaststellen van een psychoti-
sche transitie ambigu is geweest bij enkele personen. Sommige individuen met een 
psychotische transitie ontvingen daar namelijk geen specifieke behandeling voor in 
de praktijk (antipsychotica) en zij functioneerden bovengemiddeld bij een of meer-
dere hermetingen na de officiële transitiedatum. Tegelijkertijd waren er personen die 
benedengemiddeld functioneerden tijdens alle meetmomenten, maar desondanks 
nooit formeel voldeden aan de drempelwaarde voor een psychose volgens de on-
derzoekscriteria. De mogelijkheid bestaat dus dat sommige psychotische transities 
over het hoofd zijn gezien en dat sommige transities geen indicatie waren voor een 
negatief beloop van de klachten.
 Andere mogelijk beperkende factoren voor de interpretatie van onze resultaten 
zijn: de jonge leeftijd van onze deelnemers (ons onderzoek is daardoor moeilijk te 
vergelijken met andere UHR-resultaten bij groepen die gemiddeld veel ouder zijn), 
de uitgebreide klinische voorgeschiedenis van onze UHR-proefpersonen (ons onder-
zoek is daardoor moeilijk te vergelijken met UHR-resultaten bij groepen waar nauwe-
lijks tot geen sprake is geweest van een klinische voorgeschiedenis), medicatiege-
bruik (medicatie-effecten kunnen de uitkomstmaten hebben beïnvloed), de gebruikte 
beeldvormingmethoden (identificatie van afwijkingen met behulp van MRI/EEG vertelt 
weinig over onderliggende mechanismen op microniveau) en de gebruikte klinische 
interviews (moeilijke vragen zorgen voor een beperkte betrouwbaarheid bij de jongste 
deelnemers). In hoofdstuk 7 wordt uitgebreider ingegaan op deze beperkingen.
 
Implicaties en toekomstig onderzoek
Een mogelijke verklaring voor een wereldwijde daling van de transitie naar psychose 
in UHR-projecten is dat vroegtijdige herkenning en interventie-initiatieven de prodro-
male symptomen kunnen verminderen en daarmee mogelijk ook psychosen kunnen 
uitstellen of zelfs voorkomen. Er zijn echter meer interventiestudies nodig om speci-
fieke therapeutische effecten te onderzoeken. Momenteel wordt er mild optimistisch 
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En dan volgt voor de onverzadigde lezer als toetje nog het dankwoord. Al is het na-
tuurlijk geen geheim dat ongeveer 2% van u dit hoofdstuk prefereert als voorgerecht 
en 97% het liever als hoofdgerecht consumeert. Aan die percentages is overigens 
geen robuuste statistiek te pas gekomen, noch zijn ze eerder gepubliceerd in een 
vooraanstaand wetenschappelijk tijdschrift. 
 De jaren waarin ik mijn onderzoek heb mogen verrichten voor het DUPS-project 
heb ik met veel plezier doorwandeld in het UMC. De interacties met deelnemers, 
ouders & behandelaars; worstelen met getallen en plotjes; gedachtenwisselingen met 
(internationale) onderzoekers; verdiepingscursussen; congressen & symposia; presen-
taties in elkaar flansen en het schrijven van artikelen, zijn belangrijke en stimulerende 
factoren voor mij geweest. Bovendien heb ik bij mijn traject vaak de wind in de zeilen 
gehad en waren de omstandigheden optimaal om tot een goed eindproduct te ko-
men. Maar, zoals men in onderzoekersjargon graag zegt, door voortschrijdend inzicht 
ben ik me ook gaan beseffen dat dit niet altijd vanzelfsprekend is en dat een succes-
volle afronding zeker niet uitsluitend afhankelijk is van persoonlijke vaardigheden. 
 Nu waar het dankwoord echt voor bedoeld is: lofuitingen! Zonder de bijdragen van 
de volgende mensen had mijn persoonlijke transitie van AiO naar doctor onmogelijk 
tot stand kunnen komen. Mijn dank aan hen is daarom GROOT!

Deelnemers
Zonder deelnemers geen onderzoek, dus super-bedankt dat jullie allemaal bereid wa-
ren om (vaak meerdere keren) naar het UMC te komen. Ik zie het als een voorrecht 
dat ik jullie, op een enkeling na, minstens een keer heb mogen ontmoeten en dat 
jullie je ervaringen met ons wilden delen. In het bijzonder wil ik de deelnemers uit 
de hoog-risico groep, hun ouders en hulpverleners (met name ook Altrecht Jeugd) 

conclusIE 

De transitieratio voor psychosen bij UHR-adolescenten in deze studie is vergelijkbaar 
met recente (dalende) transitieratio’s bij volwassen UHR-populaties. Echter, een hoog 
aantal remissies beperken momenteel de predictieve validiteit van het UHR-model 
om vroege interventies nauwkeurig toe te kunnen spitsen op preventie van psychose. 
Subtiele neurobiologische kwetsbaarheidindicatoren kunnen al aanwezig zijn in de 
prodromale fase tijdens de adolescentie en deze worden het best geïdentificeerd bin-
nen een longitudinale onderzoeksopzet. Hoewel sommige indicatoren meer inherent 
lijken te zijn aan een algemene kwetsbaarheid voor psychopathologie, zijn andere 
indicatoren mogelijk meer specifiek voor psychose. Toekomstige predictie-modellen 
zouden kunnen profiteren van een multi-level strategie, gebaseerd op diverse kwets-
baarheidindicatoren, om personen met de hoogste noodzaak voor interventie te iden-
tificeren. Daarbij is het doel niet alleen de preventie van transitie naar een ambigue 
drempel voor psychose, maar ook het streven naar een wenselijk niveau van het alge-
mene dagelijks functioneren.
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voor het lezen en beoordelen van het proefschrift. 

DUPS
Mirjam, jouw werk voor het DUPS-project (deels in samenwerking met Petra) was van 
onschatbare waarde en heeft voor mij in vele opzichten het pad geëffend. Het moet 
soms lastig zijn geweest om te zien hoe ik als 2e AiO eenvoudig de vruchten kon 
plukken van dingen waar jij al zoveel tijd en energie in had gestoken. Maar jouw inzet 
is zeker niet onopgemerkt gebleven en ik ben me bewust van de vele dank die ik je 
verschuldigd ben. Zeer gelukkig was ik met onze prettige samenwerking en vaak eens-
gezinde opvattingen door de jaren heen; bedankt! 

Drie onderzoeksassistenten hebben bergen met werk verzet voor DUPS: Petra, jij hebt 
mij grotendeels ingewerkt en dat zorgde voor een soepele start. Je interactie met de 
deelnemers tijdens interviews was altijd leuk en leerzaam om naar te kijken. Succes 
met je eigen laatste promovendus-loodjes! Anneke, jouw positieve aanwezigheid 
bleef nooit lang onopgemerkt en dat heeft substantieel bijgedragen aan een goede, 
gezellige sfeer binnen ons team. Daarnaast heb je me veel werk uit handen genomen 
en heb je door je houding soms meer informatie weten los te weken bij deelnemers 
dan ik voor mogelijk hield. Kortom, je bent een ‘toppertje’! Nieke, de laatste herme-
tingen en de speurtocht naar ‘missing data’ zijn voornamelijk dankzij jouw inzet goed 
verlopen. En ondanks de soms wat saaie klusjes en ongemakkelijke werktijden, heb 
ik je nooit een onvertogen woord horen uiten. Heel erg bedankt voor al het verrichte 
werk en je behulpzaamheid.

Sophie, al lang niet meer 100% DUPS, maar je staat wel bijna op het punt om de 
meeste artikelen via ons project gepubliceerd te krijgen(!). Het weerspiegelt en on-
derstreept je ambitie en talent en daar kan ik alleen maar heel veel van leren. Ik heb 
genoten van onze leuke gedachtewisselingen en ik hoop dat in de toekomst nog vaak 
te kunnen blijven doen.

NICHE
Part 1: Drie NICHE-collega’s waren er vanaf het begin bij en samen met hen heb ik 
de eerste memorabele AiO-stapjes gezet. Martijn, gozer, je weet niet half hoe blij ik 
ben geweest dat er iemand was die net als ik van flauwe grappen houdt (die soms 
net iets te ver werden doorgevoerd). Wat een lol hebben we gehad! Dank voor alle 
lachbuien, maar ook voor je IT-hulp, je enthousiaste reacties en feedback op mijn on-
derzoek en natuurlijk voor de mooie verhalen over ‘jouw’ vrouwen. Marieke, toen ik je 
voor het eerst ontmoette, gaf je mij na een bijdehante opmerking binnen 0.3 secon-
den een heel ad rem antwoord. Die indruk, van gevatte dame met een ongelooflijke 
verwerkingssnelheid (zeker voor slome mensen zoals ik), is nooit meer veranderd. Ik 
benijd je slagvaardigheid en behendigheid, welke er vaak toe hebben geleid dat ik 
bij jou kon komen met de vraag: “Hoe heb jij dat eigenlijk gedaan?”. Dank voor je 
collegialiteit en de vele leuke herinneringen. Hilde, ik kan je roggebrood, appelstroop 

bedanken. Hoewel het voor het onderzoek van belang is geweest om deze jongeren 
te groeperen, hebben de unieke individuele verhalen een diepe en blijvende indruk 
op mij gemaakt. Het is mijn hoop dat de resultaten van DUPS en soortgelijk onder-
zoek uiteindelijk hun respectievelijke bijdragen zullen leveren aan verlichting van de 
lijdensdruk van hoog-risico (UHR) jongeren. Om die reden is dit proefschrift aan hen 
opgedragen.

Begeleiders
Herman, dank voor het creëren en vormgeven van het DUPS-onderzoek en de gebo-
den ruimte om binnen dat kader mijn eigen draai er aan te geven. Tot mijn verbazing 
kwam ik er pas in een vrij ver stadium van mijn promotie achter dat jouw promotie 30 
jaar geleden over een soortgelijk onderwerp handelde. Dat verklaart misschien ook 
deels waarom je altijd met veel interesse de voortgang bent blijven volgen. Je hel-
dere commentaren en overkoepelende alsmede nuchtere visie zijn van groot belang 
geweest voor het eindresultaat. Ik ben blij dat ik als een van ‘jouw’ laatste promovendi 
tot het einde heb mogen tappen uit je rijke ervaringsbronnen.    

Sarah, aan het einde van mijn klinische stage in 2004 vernam ik via een mede-stagiair 
dat een onderzoeker op de afdeling, die bovendien ook “heel aardig” zou zijn, op 
zoek was naar een onderzoeksassistent voor neuroimaging onderzoek bij kinderen 
met ADHD. Dat leek mij wel wat. Dat ik vervolgens de tijd van onze afspraak verkeerd 
had geregistreerd (of was jij het toch?), heeft gelukkig niet mogen verhinderen dat ik 
de daaropvolgende 5½ jaar onderdeel mocht uitmaken van jouw neuroimaging on-
derzoeksgroep (NICHE). Ik heb met ontzettend veel plezier bij NICHE gewerkt en zeer 
veel geleerd van je aansturing als co-promotor. Bovendien heb ik niet alleen ontdekt 
dat je een begenadigd onderzoeker bent, maar inderdaad ook héééééél erg aardig! 
Dank voor alles.

Patricia, als co-promotor stond je deur altijd open voor advies of een korte update 
over de voortgang of mijn privé-leven. Verder was het voor mij enorm prettig dat je 
toewijding aan het DUPS-project zo groot is en dat je qua klinische vraagstukken (wel/
niet includeren, wel/geen transitie) regelmatig de knoop voor mij kon doorhakken. 
Dank voor de geboden hulp en steun door de jaren heen.

Chantal, Wat fijn dat jij bereid was om mij als promotor te begeleiden bij het neurofy-
siologisch onderzoek. Dankzij jou heb ik uiteindelijk nog een 5e data-artikel toe kun-
nen voegen aan het proefschrift (al had een 6e en 7e volgens jou misschien ook nog 
wel gekund). De conversaties in je kantoor waren altijd verhelderend en aangenaam 
en ik beloof dat ik nooit meer zonder duidelijke plaatjes resultaten zal proberen toe 
te lichten! 

Leden van de leescommissie
Professoren Kahn, van der Gaag, Swaab-Barneveld, Crone en Verbaten. Hartelijk dank 
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Volwassenpsychiatrie
Veel dank gaat uit naar mijn collega’s bij volwassenpsychiatrie die gedurende mijn 
onderzoeksjaren op diverse wijzen hebben geholpen met de verwerking van MRI-data 
of gewoon door suggesties te doen, interesse te tonen en samen de omgeving te ex-
ploreren bij congressen in het buitenland. In het bijzonder dank ik Hugo (!), Neeltje (!), 
Caroline, Mandl, Heleen, Astrid, Monica, Wiepke, Paula, Vincent, Yumas, Maartje 
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Jiska (“Weet je, ik heb eigenlijk al best wel veel wijn op” x 2).  

Ondersteuning bij de neurofysiologie
Voor hulp met de afname en het analyseren van de neurofysiologie ben ik respec-
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Vrienden & familie
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nog wel eens uit het oog te verliezen. Ik weet dat het onderzoek mij veel bezig heeft 
gehouden en dat het misschien wel ten koste is gegaan van een stukje persoonlijke 
onbevangenheid en betrokkenheid bij anderen. Des te meer ben ik dankbaar voor alle 
steun en welkome afleiding die ik de afgelopen jaren zelf heb mogen ontvangen van 

en pindakaas hier nog ruiken. Wat sta jij heerlijk relaxed in het leven en ik denk dat 
Martijn, Marieke en ik ons allemaal wel eens hebben afgevraagd of we niet dezelfde 
keuze als jou hadden moeten maken (nee, niet om in Vleuten te gaan wonen). Jammer 
dat ik je de laatste jaren heb moeten missen op het werk, maar blij dat het contact er 
af en toe nog is. Leg de volgende kleertjesuitverkoop maar vast klaar! 

Part 2: NICHE is, net als bij bovengenoemde collega’s, een voedingsbodem gebleken 
voor talentvolle, attente, vriendelijke en ambitieuze onderzoekers. Zij hebben oneindig 
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werkplezier. In willekeurige volgorde: Tamar (mooie woorden gebruiken is een onder-
gewaardeerde vaardigheid), Dienke, Janna (dank voor de extra calorieën), Nathalie, 
Dijk-6, A.V. van, Dijk-6, S.C. van, Annemieke (respect voor jouw carrière-switch!), 
Juliette, Mijke (dank voor de linux-intro), Joost, Dieter, Siri, Mirjam, Sanne (succes 
met de follow-up, ik zal het met veel interesse blijven volgen!), alle stagiaires en gele-
genheidsvoorzitter Wouter Staal (dank voor je vele goede adviezen en toelichtingen).

Patrick, ik was je niet vergeten hoor! Maar omdat je niet zo’n fan bent van de hok-
jesgeest heb ik een aparte alinea voor je gereserveerd. Wat zul je af en toe moe zijn 
geworden van al mijn statistiek-vragen aan de andere kant van je bureau. Gelukkig 
hebben we ook oeverloos over andere, niet werk-gerelateerde zaken kunnen ouwe-
hoeren, waarvan ik die over de parallellen uit onze jeugd altijd erg leuk vond. In mijn 
ogen ben je een multi-talent en ik hoop daarom dat onderzoek een prominente rol in 
je leven zal blijven spelen. Succes als last man standing tussen alle NICHE-vrouwen.

Overige TAO’s Kinder- & Jeugdpsychiatrie
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de tijdelijk aangestelde onderzoekers (TAO’s) van K&J psychiatrie. Hoewel dat niet per 
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(was ik niet bij omdat ik graag iemand anders wilde laten winnen) en natuurlijk de 
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