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SChIZOPhRENIA ANd RElATEd PSyChOSES

With a lifeti me prevalence of nearly 1.5% (Perälä et al., 2007), (non-)aff ecti ve psychoti c 
disorders belong to the most disabling and expensive medical disorders. These disorders 
include schizophrenia, schizo-aff ecti ve disorder, schizophreniform disorder, psychoti c 
disorder not otherwise specifi ed, and brief psychoti c disorder, with schizophrenia being 
the most commonly diagnosed one. Psychosis is more common in males than in females, 
possibly due to the role of estrogen, which plays a protecti ve role in females (Roy et al., 
2001). Symptoms of schizophrenia usually develop in the late teen years and early twenti es. 
The onset of the disease can be characterized by an experience of paranoid delusions, 
hallucinati ons, or disorganizati on. Together, these features are referred to as the positi ve 
symptoms of the illness, since symptoms ‘add’ things like thoughts or behaviors. Other 
features of psychosis include restricted emoti onal expression and avoliti on, together called 
negati ve symptoms, since they ‘subtract’ things like thoughts or behaviors. The majority of 
pati ents being referred to mental health treatment will receive a combinati on of medical 
and psycho-social treatments, and they will need some form of conti nued care aft er the fi rst 
psychosis. 

Course of Illness
The course of the illness aft er this fi rst psychoti c episode can vary (Harrison et al., 2001). A 
signifi cant percentage of the pati ents completely recover from their symptoms. A second 
group of pati ents will experience relapses in the future. A third group of pati ents do not 
recover from their symptoms and remain chronically psychoti c. A number of studies in the 
Netherlands have investi gated the longitudinal courses of psychoti c disorders (Lenior et al., 
2005; van Veen et al., 2004; Wiersma et al., 1998; Wiersma et al., 2007). They have shown 
that approximately 25% of the pati ents show recovery from symptoms, whereas another 
25% is characterized by chronicity. Nevertheless, as compared to the early view of Kraepelin 
(1919) on schizophrenia and related psychoses, the course of psychosis can be regarded as 
much more positi ve nowadays. However, relapses appear to be very prevalent in psychosis. 
In additi on, a large proporti on of the pati ents conti nue to functi on at lower levels than they 
would if they had not developed the disease. Oft en, negati ve symptoms remain present 
aft er a psychoti c episode, causing enduring problems in the pati ents’ daily life. However, 
negati ve symptoms may not be the only features that explain the poor functi onal outcome 
in pati ents with psychosis.

Cogniti ve Functi oning in Schizophrenia
Impairments or defi cits in cogniti ve functi on can be found in the majority of pati ents with 
psychosis (Keefe et al., 2005; Wilk et al., 2005). However, cogniti ve impairment is not 
regarded as a diagnosti c criterion of the disease (htt p://www.dsm5.org/ProposedRevision). 
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Cognitive functions are measures of brain function, and they are necessary for various 
mental operations such as conversations, driving a car, arithmetic, or planning a holiday. 
In schizophrenia research, seven separable cognitive domains have been found to be of 
importance: attention/vigilance, processing speed, working memory, reasoning and problem 
solving, verbal learning and memory, visual learning and memory, and social cognition 
(Nuechterlein et al., 2004). These functions are assessed during neuropsychological 
evaluations by means of a battery of short tasks. Originally, such batteries were used to 
measure the level of impairment in patients with acquired brain injury. Nowadays, cognitive 
assessments have also increased in popularity in the field of psychiatry. In addition to the 
clinical neuropsychological evaluation, cognitive assessments are being used in scientific 
studies (e.g. imaging, genetics, epidemiology). The level of cognitive impairment had been 
found to be an important predictor of functional outcome (social, occupational, living 
status), (e.g., Cervellione et al. 2007; Green et al., 2000; Green et al. 2004; Heinrichs et 
al. 2008b; McClure et al. 2007). Also, cognitive deficits substantially explain reductions in 
awareness of illness (Aleman et al., 2006), a topic we will discuss later on. This highlights 
the importance of cognition in treatment planning, residential referrals, and job placement. 
Moreover, cognition has been found to be one of the clearest discriminators between 
patients and healthy subjects (Heinrichs, 2001). 

The Meaning of Cognitive Impairment
Whether we consider it to be a discriminator between impaired and normal performance or 
not, the next important step is to interpret performance differences between schizophrenia 
patients and healthy controls. In many cases, it is not clear what conclusions to draw when 
performance on a certain task is poor. Many cognitive tasks measure multiple domains 
instead of a single domain. An example of this is the Digit Symbol – coding task. While 
performing this task, the subject has to write down as many digits as possible, where each 
digit corresponds to a different symbol (Dickinson, 2004). This task has been found to involve 
processing speed. However, the task also measures other aspects, such as working memory. 
Working memory is a cognitive domain that involves the maintenance and manipulation 
of information in short-term memory (Miyake, 1999). The fact that the Digit Symbol task 
measures several cognitive domains may be interpreted as both a strength and a weakness of 
this task. It may be difficult to isolate exactly which process contributes to poor performance, 
and it is not ruled out that both processing speed and working memory contribute to poor 
task performance in schizophrenia. This may even be true for components within cognitive 
domains, such as those mentioned for working memory. On the other hand, poor task 
performance may well be the result of a failure to integrate or coordinate multiple cognitive 
processes. Some patients may perform normally on cognitive tasks as long as they measure 
single aspects of functioning, but fail once they have to perform multiple mental operations 
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together. Other pati ents may already be slow, causing performance to be poorer on higher 
order cogniti ve tasks as well (Sánchez et al., 2009). 
Tackling the abovementi oned problems may ulti mately increase our understanding of 
cogniti ve functi oning in schizophrenia and related psychosis, and their diff erences from 
other psychiatric illnesses. To examine the contributi on of underlying mechanisms, it may 
be necessary to create experimental tasks. Oft en, experimental tasks are computerized 
and contain multi ple levels to specifi cally measure isolated components of domains. 
Unlike traditi onal cogniti ve tasks such as the Digit Symbol task, this allows for separate 
measurement of the contributi on of certain mechanisms to the subjects’ performance. 
Next, it may be necessary not only to measure the subjects’ performance on single tasks, 
but to also analyze their performance profi le, using a batt ery consisti ng of multi ple tasks. 
This may bypass the interpretati on problem of test results as well. 

Cogniti on is Not a diagnosti c Criterion of Schizophrenia
Cogniti ve impairment is considered to be a core feature of psychosis. The questi on then 
becomes relevant why cogniti on is not a diagnosti c criterion of psychosis. The most 
important reason is that there is not a single cogniti ve profi le in the domains described that 
is characteristi c, or unique to psychosis. Whereas pati ents with schizophrenia can display 
poorer performance on a variety of measures, with scores being poorest for verbal learning/
memory and processing speed, this may also apply to pati ents with bipolar disorder and 
chronic depression, making it diffi  cult to diff erenti ate between these severe mental illnesses 
(Depp et al., 2007; Reichenberg et al., 2008). Some pati ents with psychosis have been found 
to perform within normal limits (Holthausen et al., 2002) when they are being compared 
to healthy subjects. This has fuelled a discussion that is sti ll relevant: “is it possible to 
be diagnosed with schizophrenia yet to be neuropsychologically normal?” Researchers 
suggesti ng that ‘cogniti ve normality’ in schizophrenia is possible state that performance 
in psychosis is heterogeneous, and that a signifi cant percentage of pati ents cannot be 
disti nguished from healthy controls based on their cogniti ve profi le (Holthausen et al., 
2002). Other researchers state that all pati ents show a certain cogniti ve decrement when 
compared to their expected level of ability (Keefe et al., 2005; Wilk et al., 2005). Moreover, 
twin studies of aff ected and unaff ected siblings with psychosis have shown that unaff ected 
twins always outperform their proband (Goldberg et al., 1995). Therefore, one can suggest 
that pati ents with schizophrenia always perform under their expected levels when they are 
assessed with a cogniti ve batt ery. 

Contributors to Cogniti ve Impairment
Diff erent studies have shown that cogniti ve impairments are relati vely stable over ti me 
(Palmer et al., 2009). In additi on, it has been found that cogniti ve alterati ons are not 
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merely the result of psychotic episodes, but that they are present already before the onset 
of the first psychotic episode. There is much support for a neurodevelopmental model 
of schizophrenia and related psychoses (Rapoport et al., 2005; Rapoport et al., 2012). It 
is known that development of the brain, including maturation of the prefrontal cortex, 
continues until 30 years of age (Marsh et al., 2008). The prefrontal cortex plays an important 
role in executive functions, a set of abilities that encompasses working memory, reasoning 
and problem solving, which are of importance for everyday life skills. Brain maturation 
processes can be influenced by an interplay of genetic and environmental factors (Cannon 
et al., 2003). The fact that psychosis usually starts to affect people in their late teens or 
early twenties may indicate that defective brain maturation processes make people most 
vulnerable during this stage of life.

Several factors may contribute to heterogeneity of cognitive functioning in psychosis. One 
such factor may be familial liability. Patients with psychosis share approximately 50% of their 
genetic and environmental material with their unaffected siblings, who have been found 
to be at more than average risk for future development of a psychosis. Indeed, cognitive 
alterations and subclinical negative symptoms have also been found in unaffected siblings 
(Chen et al., 2009). These characteristics make siblings an interesting population to study, 
since they do not have the disease and they have not been exposed to anti-psychotic 
medication in the past. Cognitive subtypes have been suggested in psychotic disorders, but 
they have never been investigated in siblings. 
Another contributor to the cognitive heterogeneity may be the patients’ level of functioning 
before they became ill. There may be different patterns of adjustment that precede the 
onset of disease. Some patients may have shown a deteriorating pattern at school, earning 
progressively lower grades as compared to their peers. In other patients, there may have 
been adjustment characterized by fewer peer relationships (Larsen et al., 2004). It may be 
possible to infer the degree of cognitive impairment from the patients’ pattern of premorbid 
adjustment. 

Cognition and Insight
In addition to the positive and negative symptoms and cognitive impairments, many 
patients seem to be unaware of having a mental illness. There are multiple dimensions on 
which the patient can lack insight, and there is consensus that insight includes the following 
dimensions: (i) awareness of having a psychiatric disorder, (ii) relabeling psychotic symptoms, 
and (iii) the need for treatment (David, 1990). As a result, patients with impaired insight may 
be hospitalized more often, and have poorer levels of functioning. As the contribution of 
clinical symptoms to insight is rather modest, there should be other factors responsible for 
this. Cognitive abilities may be of crucial importance for the development of insight about 
having a psychiatric disorder. They allow us to understand the world around us, to remember 
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our past experiences, and to adapt ourselves to changing circumstances. Recently, more 
research has been done on social cogniti on. Social cogniti on has been referred to as ‘the 
ability to construct representati ons of the relati ons between oneself and others and to use 
those representati ons fl exibly to guide social behavior’ (Adolphs, 2001). This new domain 
may increase our understanding of insight as well, since intuiti vely the mental operati ons 
required for both seem to have similariti es. 

Outline of the Current Thesis
Schizophrenia is a ‘complex’ multi dimensional disorder (van Os and Kapur, 2009). This 
complexity is translated into heterogeneity at the level of clinical symptoms, cogniti ve 
functi oning, and functi onal outcome (e.g. work, residenti al independence). Heritability has 
been found to be higher for cogniti on, as compared to clinical symptoms (van Os et al., 
2010). Therefore, further research into cogniti ve functi oning may help us to elucidate the 
complexity of the disorder. The current thesis describes a number of studies focusing on 
cogniti on in pati ents with psychosis, their fi rst-degree family members, and healthy controls. 
All of the studies are conducted within the framework of the Dutch multi center cohort study 
Geneti c Risk and OUtcome of Psychosis (GROUP), with the excepti on of chapter 2. GROUP 
is a project focusing on resilience and vulnerability factors in the development of psychosis. 
The baseline results of the GROUP-project, including the cogniti ve assessment, are 
described in chapter 2. To investi gate the mechanisms leading to impaired working memory 
performance in psychosis, pati ents and controls were assessed with a novel experimental 
task. This task was created in order to separate between processes and modaliti es involved 
in the domain of working memory (chapter 3). A second domain to be investi gated in more 
detail is reasoning and problem solving, more specifi cally mental fl exibility. In chapter 4, 
we investi gate the possible involvement of implicit and explicit mechanisms leading to 
problems in mental fl exibility. Next, we move our att enti on to profi les of subjects, in order 
to bett er understand the heterogeneity of cogniti ve functi oning. Cogniti ve impairments 
have also been found in a number of the unaff ected siblings of pati ents. Therefore, in 
chapter 5, we study cogniti ve subtypes in unaff ected siblings, characteristi cs of these, and 
their relati onship with their aff ected family member. Premorbid adjustment has been found 
to be another contributor to cogniti ve functi oning. Interesti ngly, not all pati ents have been 
found to display maladjustment prior to the onset of the illness. In chapter 6, we investi gate 
premorbid profi les in pati ents, their characteristi cs, and the role of familial factors. One 
of the consequences of impaired cogniti ve functi on may be lack of insight in pati ents. In 
chapter 7, we study the relati onship of cogniti on and insight, with specifi c att enti on paid 
to the role of social cogniti on. The longitudinal relati onship between insight, cogniti on and 
clinical characteristi cs is investi gated in chapter 8. Finally, chapter 9 provides a summary 
and discussion of the abovementi oned studies, and clinical implicati ons. 
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AbSTRACT

Introduction A longitudinal focus on gene-environment vulnerability and resilience in both 
patients, their unaffected family members and non-related controls offers the opportunity 
to elucidate etiological and pathogenetic factors influencing the onset and course of 
psychotic disorders. The current paper delineates the objectives, sample characteristics, 
recruitment and assessment procedures of the Genetic Risk and Outcome of Psychoses 
(GROUP) study. Methods A naturalistic longitudinal cohort study with assessments at 
baseline, after three and six years of follow-up. The study is conducted by a consortium of 
four university psychiatric centers, with their affiliated mental health care institutions in the 
Netherlands covering more than 7.5 million inhabitants. Extensive assessment of genetic 
factors, environmental factors, (endo)phenotypes, and outcome. Results At baseline, 1120 
patients, 1057 siblings, 919 parents and 590 healthy controls were included. Conclusion The 
GROUP study will contribute to insight in risk and protective factors in the aetiology of non-
affective psychotic disorders, and in the variation in their course and outcome.
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1. INTROdUCTION

1.1 background
With a lifeti me prevalence of nearly 1.5% (Perälä et al., 2007) non-aff ecti ve psychoti c 
disorders belong to the most disabling and expensive medical disorders. These disorders 
have a multi factorial polygeneti c aeti ology and heterogeneous course (Menezes et al., 2006). 
For schizophrenia, being most common within the spectrum of non-aff ecti ve psychoses, 
heritability has been esti mated at around 80% (EU-GEI, 2008). It has been suggested that 
the main factor behind this is the interacti on between genes and environment (van Os and 
Sham, 2003). A bett er understanding of the complex ways in which nature and nurture 
factors infl uence humans can thereby improve our knowledge of schizophrenia and related 
disorders. Therefore we investi gated subjects with schizophrenia, and also with clinically 
related but less severe other non-aff ecti ve psychoti c disorders. An approach that focuses on 
gene-environment interacti on diff ers from the linear gene-phenotype approach by positi ng 
a causal role, not only for either genes or environment as isolated factors, but also for their 
synergisti c co-parti cipati on in the cause of non-aff ecti ve psychosis where the eff ect of one 
factor is conditi onal on the other (van Os et al., 2010). For example, the eff ect of cannabis may 
be stronger in those with a high geneti c risk for the development of psychosis (Arseneault et 
al., 2002; Moore et al., 2007; Verdoux et al., 2003). Moreover, the widespread geographic, 
temporal, and ethnic variati on in incidence of psychosis (McGrath et al., 2004), as well as the 
marked variability in response to environmental risk factors such as drug abuse, urbanicity 
or migrati on (van Os et al., 2008), suggest an interacti on between genes and environment. 

Research that focuses on the gene-environment interacti on is sti ll at an early stage. 
Studies on geneti c risk and variati ons in expression and course of non-aff ecti ve psychosis 
have been hampered by relati vely small sample sizes, short follow-up periods, limited 
phenotyping and limited assessment of environmental factors (Gur et al., 2007; El-Missiry 
et al., 2011). Studying both genes and environment may prove a fruitf ul strategy to identi fy 
variati ons that may give rise to the psychoti c vulnerability and variability of its course. Recent 
research indicates that subclinical expressions of psychoti c vulnerability have a comparable 
symptom structure and associati on with risk and protecti ve factors (Baskak et al., 2008; 
Fanous et al., 2001; Hanssen et al., 2006; Kendler et al., 1993; Kendler and Hewitt , 1992). 
There is evidence that the expression of psychoti c vulnerability is higher in family members of 
pati ents, as compared to the normal populati on (Vollema and Postma, 2002). Furthermore, 
cogniti ve impairments in the realm of verbal learning and memory, att enti on, and working 
memory have been found in relati ves of pati ents, albeit to a lesser extent (Gur et al., 2007). 
Trait markers that are stable over ti me, such as cogniti on and psychoti c experiences are also 
referred to as endophenotypes. The inclusion of family members of psychoti c probands 
enables us to establish whether subclinical psychoti c symptoms and cogniti ve impairments 
in siblings and parents are associated with the same geneti c and non-geneti c risk factors 
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as has been found among patients (Krabbendam et al., 2001; Vollema and Ormel, 2000; 
Vollema and Postma, 2002). The participation of family-members in research offers a unique 
possibility to study pathogenetic mechanisms, predictors of functioning and psychiatric 
disorders in a non-clinical population with an increased genetic risk, without confounding 
therapy related factors. Since both genetic and environmental factors could have an impact 
on endophenotypes (Gervais et al., 2004; Zink et al., 2008), it is necessary for the study of 
the gene-environment interaction underlying these phenotypes to determine their genetic 
variants. 

Consequently, the Genetic Risk and Outcome of Psychosis (GROUP) study has been 
designed to study genetic and non-genetic vulnerability and resilience factors for variation 
in the expression of non-affective psychotic disorders and variation in the course of these 
disorders in a naturalistic cohort study of patients with non-affective psychotic disorders, 
their siblings, parents, and nonrelated controls. Follow-up is scheduled three years and six 
years after the baseline assessment. 

The purpose of the current report is to provide a detailed description of GROUP 
objectives, an overview of the sample characteristics, recruitment and assessment methods 
in order to guide other, similar efforts and to serve as a definitive point of reference for 
GROUP publications.

1.2 Objectives
The objectives of the GROUP study are two-fold: (1) investigating the genetic and 
environmental factors,  and their interaction, contributing to the expression of psychosis; 
(2) investigating factors of vulnerability and protectiveness, and response to medication 
and clinical outcome. Furthermore, the GROUP study has the goal to build new research 
infrastructures in routine mental health service settings, by means of collaborations between 
university medical centers and mental health institutions. These purposes can be achieved 
by inclusion of a group of incident and prevalent patients with a non-affective psychosis 
presenting consecutively at these services either as outpatients or inpatients, representative 
of the prevalence of treated patients with a non-affective psychosis. This cohort will be 
relevant for the improvement of patient care, and serve as a vehicle to systematic evaluation 
of treatment practices. In order to test hypotheses about the aetiology of non-affective 
psychosis, a cohort of family members with resilience for psychosis is being included, 
consisting of both siblings and parents. In order to test hypotheses about the aetiology of 
non-affective psychosis, a cohort of family members with resilience for psychosis is being 
included, consisting of both siblings and parents. Furthermore, a cohort of non-related 
control subjects will participate in the project. This allows for comparisons with a group that 
represents the variation of subclinical symptoms being present in the normal population. 
It is known that the majority of the first-degree relatives and controls will never develop a 
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psychoti c disorder despite carrying components of vulnerability. 
The mean age of onset of psychosis is approximately 24 years old, aft er which the following 

six years have been suggested to be most indicati ve for outcome. In order to investi gate 
both the transiti on of pati ents to other psychiatric diagnoses, as well as possible transiti ons 
of non-aff ected siblings to psychosis, the project aims at relati vely young aff ected and non-
aff ected siblings, which will be studied for six years using two follow-up assessments. 

Geneti c risk is assessed both indirectly, using a familial liability score for psychosis 
(Verdoux et al., 1996), and directly using geneti c sequence variati on. It has been argued that 
gene environment interacti ons need a hypothesis driven strategy focusing on pathways at 
which biological synergism may take place between geneti c and environmental mechanisms 
(Van Os et al., 2008). Aft er reviewing the literature, genes were selected that (1) were 
previously suggested to be associated with schizophrenia; (2) are important for dopaminergic 
neurotransmission (Kapur, 2003; Hirvonen et al., 2005; Hutt unen et al., 2008); (3) have a 
role in regulati ng diff erenti al sensiti vity to broadly defi ned environmental infl uences; and 
(4) may be involved in epigeneti c regulati on of environmental factors. The GROUP study will 
initi ally focus on 250 functi onal single-nucleoti de polymorphisms (SNPs). 

Environmental risk factors that will be included in the study are substance abuse, 
urbanicity, ethnicity/migrati on and premorbid adaptati on. Evidence for induced psychoti c 
symptoms following substance abuse is especially high for consumpti on of cannabis. This is 
also been found to be true of men brought up in, or born in, an urban living environment 
(Kelly et al., 2010). With respect to ethnicity and migrati on, there is consistent evidence 
that psychoses have a higher incidence in many migrants and ethnic minoriti es (Morgan et 
al., 2010). Finally, poor premorbid adjustment in terms of peer relati onships and scholasti c 
performance has been found to be present in those who later develop a non-aff ecti ve 
psychosis, schizophrenia in parti cular (Saracco-Alvarez et al., 2010). 

Endophenotypes are quanti fi able intermediate factors in the genes-to-behavior 
pathways which make geneti c and biological studies for disease categories more manageable 
(Gott esman and Gould, 2003). Endophenotypes vary quanti tati vely among individuals at 
risk for the disorder, regardless of whether the disorder is expressed phenotypically, making 
clinically unaff ected relati ves of disordered pati ents informati ve for geneti c studies. The 
GROUP study will focus on expression and longitudinal course of neurocogniti on, social 
cogniti on and schizotypal features as endophenotypes of schizophrenia and other non-
aff ecti ve psychoti c disorders. Neuropsychological assessment focuses on cogniti ve domains 
known to play an important role in schizophrenia research (Nuechterlein et al., 2004), such 
as processing speed and working memory. Factor analyses have shown that these domains 
represent replicable and separable dimensions of cogniti ve impairment in schizophrenia. 
The evidence for cogniti on as an endophenotypic marker is parti cularly strong for verbal 
learning and memory, att enti on/vigilance, and working memory (Gur et al., 2007). Recent 
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research suggests that potentially significant endophenotypes can also be found in the 
realm of social cognition (Baas et al., 2008; Gur et al., 2007; Janssen et al., 2003; Versmissen 
et al., 2008). 

The significant variation in response and side effects of antipsychotic medications on 
patients with a psychotic disorder has been attributed to differences in genetic factors. The 
individual differences in medication effects are thought to be associated with polymorphisms 
of genes that are associated with neurotransmitter receptors, metabolic enzymes, and with 
the permeability of the blood-brain. The GROUP study will focus on the association between 
genetic variation and effectiveness and side effects of antipsychotic medication. In addition, 
heterogeneity has been found with respect to outcome in terms of course, functioning, and 
subjective quality of life. These factors will also be subject of investigation. 

The scale of the study with its inclusion of a well characterized patient population as well 
as siblings and parents make this study suitable to investigate the complexity of genomic 
architecture and genetic regulation underlying psychotic disorders.

1.3 Power calculations
In order to establish sufficient power to address the study objectives, a large sample for 
all cohorts is needed. In order to investigate gene-environment interaction in a case-only 
design (Khoury and Flandres, 1996), at least 1000 patients are required in order to establish 
a power of 89.7% (α = 0.05). A gene-environment study using a case-sibling design (Ottman, 
1996) requires at least 1000 patients and 1000 siblings in order to reach a power of 81% (α = 
0.05). To detect statistical differences (α = 0.05) between the cohorts longitudinally, at least 
1000 patients, 1000 siblings, and 350 controls are needed to establish a power of 93% in a 
case-control and a case-sibling design (standard deviation = 0.15) on a continuous variable 
(cognitive function, schizotypy). For a sibling-control design, 1000 siblings and 350 controls 
would be required for a power of 89% (standard deviation = 0.10). 

2. METhOdS

2.1 Overview of GROUP-project structure and participating institutes
The GROUP steering committee consists of the scientific leaders of schizophrenia research 
programs in four university departments of psychiatry in the Netherlands (Amsterdam, 
Groningen, Maastricht and Utrecht). In each academic center one or two senior site-
coordinators are responsible for the clinical and endophenotype assessment training, 
recruitment, quality control and quality assurance. Each center has formalized collaborations 
with several mental health care institutions in their region, both in the Netherlands and 
Belgium. The mental health care services committed themselves to provide research 
physicians and nurses to the screening, inclusion and follow-up during the GROUP study for 
the duration of 10 years. 
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Figure 1. Flow diagram of the GROUP-project organizati on structure, referred parti cipants and 
collected data

	  

 

36	  Mental	  Health	  Care	  institutions	  	  
	  	  	  	  	  	  	  	  	  Divided	  over	  4	  Academic	  Medical	  Centers	  

	  	  

Amsterdam	  
	  

Groningen	  
	  

Maastricht	  
	  

Utrecht	  
	  

Participants:	  
	  
Patients	  (n	  =	  285)	  
Siblings	  (n	  =	  258)	  
Parents	  (n	  =	  247)	  
Controls	  (n	  =	  104)	  
	  

Participants:	  
	  
Patients	  (n	  =	  287)	  
Siblings	  (n	  =	  273)	  
Parents	  (n	  =	  245)	  
Controls	  (n	  =	  84)	  
	  

Participants:	  
	  
Patients	  (n	  =	  305)	  
Siblings	  (n	  =	  304)	  
Parents	  (n	  =	  213)	  
Controls	  (n	  =	  245)	  
	  

Participants:	  
	  
Patients	  (n	  =	  243)	  
Siblings	  (n	  =	  237)	  
Parents	  	  	  (n	  =	  217)	  
Controls	  (n	  =	  157)	  
	  

Total	  amount	  participants:	  	  
Patients	  (N	  =	  1120)a	  

Siblings	  (N	  =	  1052)	  
Parents	  	  	  (N	  =	  919)	  
Controls	  (N	  =	  590)	  

Reasons	  for	  attrition:	  
- Refusal	  
- Physical	  illness	  
- Not	  available	  for	  further	  assessment	  
- Other	  reasons	  

	  
	  

100	  %	  complete	  
dataset	  
	  
Patients	  (n	  =	  615)	  
Siblings	  (n	  =	  773)	  
Parents	  	  	  (n	  =	  665)	  
Controls	  (n	  =	  468)	  
	  

75%	  complete	  
dataset	  
	  
Patients	  (n	  =	  374)	  
Siblings	  (n	  =	  255)	  
Parents	  	  	  (n	  =	  231)	  
Controls	  (n	  =	  96)	  
	  

50%	  complete	  
dataset	  
	  
Patients	  (n	  =	  62)	  
Siblings	  (n	  =	  22)	  
Parents	  	  	  (n	  =	  21)	  
Controls	  (n	  =	  23)	  
	  

a19 parents and 24 siblings received a pati ent status. 

GROUP steering committ ee and site coordinators work in close collaborati on with 
representati ves of the family associati on Ypsilon, the client associati on Anoiksis, and the 
Dutch Knowledge Centre for Schizophrenia. These associati ons are the only ones that apply 
to psychosis and schizophrenia in the Netherlands. Ypsilon is an associati on founded and 
run by family members (N = 7000 members) of individuals suff ering from psychosis or 
schizophrenia. Their main goal is to provide support for the family members. Anoiksis is 
an associati on founded and run by pati ents who suff er from psychosis or schizophrenia. 
Their main goal is to facilitate contact between pati ents who suff er from psychosis or 
schizophrenia. In additi on they advocate and give advice about psychosis. The Dutch 
Knowledge Centre for Schizophrenia contributes to the improvement of the quality of care 
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for individuals with schizophrenia. 
Thirty-six mental health care institutes participated in the GROUP study. Together, these 

mental health care institutions cover about 75% of the population in the Netherlands. 
They are acknowledged at the end of this article. See Figure 1 for a flow diagram of the 
GROUP-project organization structure, referred participants and collected data. The number 
of participants targeted before onset of the study is unfortunately not available. Of the 
individuals that did finally participate, data was collected. The current paper is based on the 
baseline assessment of the longitudinal setup of the GROUP project and therefore drop-out 
rates will become available after the second assessment. However, even within the baseline 
assessments there were some drop outs that lead to incomplete datasets, as showed in 
the flow diagram, Figure 1. Reasons for these drop outs were: refusal, physical illness, not 
available for further assessment or other reasons. 

2.2 Inclusion criteria and recruitment 
In selected representative geographical areas of the Netherlands and (Dutch speaking 
part of) Belgium, patients were identified through clinicians working in regional psychosis 
departments or academic centers, whose caseload was screened for inclusion criteria. 
Subsequently, a group of patients presenting consecutively at these services either as 
outpatients or inpatients were recruited for the study. Persons identified as potentially 
eligible were given detailed explanation of the study procedures and were asked for 
informed consent for detailed assessment and for contacting their first degree family 
members (brothers, sisters, parents). Controls were selected through a system of random 
mailings to addresses in the catchment areas of the cases. Inclusion criteria for patients 
were the following: (1) age range of 16 to 50 years (extremes included); (2) a diagnosis 
of non-affective psychotic disorder according to the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV) criteria (APA, 2000); (3) good command of the 
Dutch language; and (4) able and willing to give written informed consent. Inclusion criteria 
for siblings were the following: (1) age range of 16 to 50 years (extremes included); (2) good 
command of the Dutch language; (3) able and willing to give written informed consent. 
Similar criteria, excluding age, applied to the parents. Inclusion criteria for healthy controls 
were the following: (1) age range of 16 and 50 years (extremes included), (2) no lifetime 
psychotic disorder; (3) no first degree family member with a lifetime psychotic disorder (4) 
good command of the Dutch language; and (5) able and willing to give written informed 
consent. Comorbidity in patients, siblings and parents was not an exclusion criterion. When 
siblings or parents appeared to have a lifetime psychotic disorder they were included 
in the patient group. Only a lifetime psychotic disorder or lifetime psychotic disorder of 
first degree relative was an exclusion criterion in the healthy control group. Respective 
effects were accounted for by controlling for psychopathology. Moreover, several research 
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questi ons specifi cally focused on diff erences between pati ents with and without comorbid 
psychopathology (for instance: comorbid cannabis abuse or obsessive compulsive disorder). 
The study protocol was approved centrally by the Ethical Review Board of the University 
Medical Centre Utrecht and subsequently by local review boards of each parti cipati ng 
insti tute. Aft er full verbal and writt en informati on about the study, writt en informed consent 
was obtained from all parti cipants before the start of the fi rst assessment. Confi denti ality of 
data is maintained by using a unique research identi fi cati on (ID) for each respondent. The ID 
number does not include any data related to the name of the parti cipant or informati on that 
could lead to the identi fi cati on of the person. The personal data linked to the ID are securely 
stored by each local center.

2.3 Assessment training
GROUP investi gators were convinced of the necessity of uniformity in experimental 
procedures and experimenter behavior. Over 30 interviewers per site were trained 
for administering the assessments. The interviewers consisted of research assistants, 
psychologists, psychiatrists, nurses and PhD students. Before the start of the study all 
interviewers met for three days of training workshops at one site (Utrecht), to practi ce 
the assessments of all measures used in the GROUP project. Issues which arose during 
training and offi  cial assessments were adjusted by mutual agreement with the makers and 
the interviewers for opti mal and practi cal use. Specifi c issues that arose during assessment 
training were: insuffi  cient reliability in assessing movement disorders, diff erences in 
assessing severity of schizotypal traits with the Structured Interview for Schizotypy-revised 
(SIS-R) and systemati c bias in assessing the Global Assessment of Functi oning (GAF)-scores 
in part of the researchers. These issues were addressed by adding extra training and 
repeated training in bimonthly sessions. All researchers were retrained every two months 
and ongoing eff ort was directed at increasing reliability of assessments, in order to minimize 
the impact a large collaborati ve research project such as described in the current study could 
have on the quality of assessment. When new interviewers entered the project, training 
was supervised by the senior clinical site coordinators who implemented the training 
protocol. The training procedure consisted of didacti c sessions, observati on, and supervised 
practi ce. Training materials for each assessment included writt en procedure manuals 
and instructi onal videos. The procedure manuals contained scripts for task instructi ons, 
which were stated verbati m to each parti cipant by an interviewer. Procedure manuals and 
instructi onal videos are web-based and at all ti mes available for all interviewers. Reliability 
training was performed four ti mes a year. Formal assessment of reliability of all rati ng scales 
was carried out. An important issue concerns systemati c diff erences between assessment 
of pati ents versus siblings and controls due to diff erences with respect to commitment to 
collaborate and/or fati gue. Diff erences due to paranoia or diffi  culti es in working alliance 
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due to symptoms cannot be excluded. However, researchers were particularly focused on 
establishing an optimal collaboration with the included subjects. To minimize the influence 
of fatigue on cognitive task performance, sessions started with neuropsychological testing. 
Subjects could take short rest breaks whenever necessary. 

2.4 Measurements
Assessments took place at one of the participating regional psychosis departments or 
academic centers in and around Amsterdam, Utrecht, Groningen and Maastricht. The 
assessments were administered by research assistants. If participants were unable to visit 
the institute, in-home assessments were being offered. Since some of the participating 
institutions were inpatient and other outpatient clinics, the amount of in-home assessments 
differed. The same protocol was being used during in-home assessments and assessments 
at the institute. In both instances neuropsychological testing was performed with the use 
of a laptop computer. In both instances urine was sampled to account for effects of drug of 
abuse. The assessment lasted on average four hours for patients and three hours for other 
participants. To account for fatigue effects, the four hours lasting assessment for patients 
was divided over two separate assessments of two hours each, within a week from each 
other.

2.4.1 Genetic factors
For genotyping purposes, 20 ml of blood was collected from each subject at the participating 
mental health institutes and sent to the University Medical Centre Utrecht by mail where 
DNA was extracted from peripheral blood lymphocytes using established procedures. A 
contribution to the development of a first non-affective psychotic episode is likely to be 
applicable for the following candidate genes: neuroregulin-1 (NRG-1), dysbindin (DTNBP1), 
G72, D-aminoacid oxidase (DAOA), regulator of G-protein signalling-4 (RGS4), catechol-O-
methyltransferase (COMT), and praline dehydrogenase (PRODH) (Harrison and Weinberger, 
2005).

The Family Interview for Genetic Studies (FIGS; Maxwell, 1992) was assessed for 
systematically gathering diagnostic information from an informant about relatives in the 
pedigrees being studied. This method is less sensitive than direct assessment of each family 
member, although it has proven to be useful in situations where reliance on direct information 
from each family member is not possible. The FIGS is administered to the parents of the 
proband and if they were not available, to the siblings and to the controls. It is administered 
in the first interview session, and subjects are invited to collect all missing information prior 
to the next session. The FIGS starts with the drawing of a pedigree containing all first- and 
second-degree relatives of the proband. Next, psychiatric information about all relatives in 
the pedigree is obtained by asking general screening questions. In case of endorsed symptom 
categories, these are followed up using a checklist asking details of symptoms, number of 
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episodes, durati on, age of onset, treatment, and impairment rati ng. Symptom categories 
of depression, mania, and psychosis were included. Familial loading was calculated using a 
method described by Derks et al. (2009).

2.4.2 Environmental factors
To assess the quality and severity of tobacco, alcohol and other drug abuse or dependence 
and its course, the Composite Internati onal Diagnosti c Interview (CIDI; WHO, 1990) was 
used. A special Substance Abuse Module covers tobacco, alcohol, and other drug abuse 
in considerable detail, allowing the assessment of the quality and severity of dependence 
and its course. In a fi eld trial the cross-cultural acceptability and reliability of the questi ons 
were found to be high (Cott ler et al., 1989). In additi on, urine was screened by means 
of immunoassays: for cocaine CEDIAW (cutoff  300 ng/ml), for amphetamines CEDIAW 
amphetamine/XTC (cutoff  1000 ng/ml) with additi onal analyses added when the fi rst 
screening result was positi ve, and for cannabis (cutoff  50 ng/ml). For cannabis, given the 
relati vely high cutoff  level of 50 ng/ml we used a detecti on window of one month (Musshoff  
and Madea, 2006). In additi on, the creati nine level of every sample was measured as an 
integrity parameter. Ethnicity was evaluated as follows. If the country of origin of three or 
more of the subject’s grandparents was similar, the subject’s ethnicity was equal to this. In 
all other cases, the ethnicity was mixed. For the assessment of urbanicity and migrati on, 
parti cipants were asked to report all the addresses were they had lived before the age of 
21. These addresses were then coupled to the nati onal database of Stati sti cs Netherlands 
to determine the level of urbanicity during childhood. The Premorbid Adjustment Scale 
(PAS; Cannon-Spoor et al., 1982) is designed to evaluate the degree of achievement 
of developmental goals at each of several periods of a subject’s life before the onset of 
schizophrenia. Inter-rater reliability and internal consistency has been found to be high 
(Small et al., 1984). High scores in PAS representi ng a bad premorbid social adjustment 
correlated signifi cantly with a low age of onset, high positi ve and negati ve syndrome scale 
(PANSS) scores, an insidious onset and a long period of hospitalizati on.

2.4.3 Phenotypes
To assess DSM-IV diagnosis two structured diagnosti c instruments were used, in accordance 
with the standard practi ce in the local area. Three sites used the Comprehensive Assessment 
of Symptoms and History (CASH; Andreasen et al., 1992) and one site used the Schedules for 
Clinical Assessment for Neuropsychiatry (SCAN 2.1; Wing et al., 1990). The CASH includes 
the Scale for the Assessment of Positi ve Symptoms [SAPS, with 34 items measured on an 
ordinal scale ranging from zero (absent) to fi ve (severe); Andreasen, 1984a] and the Scale 
for the Assessment of Negati ve Symptoms (SANS, with 21 items; Andreasen, 1984b).

The SCAN is the successor of the Present State Examinati on, 9th editi on (PSE-9; Wing 
et al., 1974), which has been created by the World Health Organizati on (WHO). It is a semi-
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structured computer-based interview to assess psychiatric symptoms, using DSM-IV and 
the International Classification of Diseases, 10th Revision (ICD-10) compatible algorithms, 
constructed by the WHO-SCAN Advisory Committee (Wing et al., 1990). The SCAN covers 
practically all of the axis I disorders. For several of these diagnostic groups its reliability and 
validity has been established (Andrews and Peters, 1998). Brugha et al. (1999) reported 
good reliability between lay interviewers and trained clinicians for SCAN sections for 
psychotic disorders. All raters were trained psychologist or psychiatrist, with extensive 
clinical experience. Diagnostic consensus was achieved in the presence of an independent 
psychiatrist. Psychiatric diagnosis was established according to criteria of DSM-IV. The two 
different diagnostic tools are comparable in that they both assess diagnoses after careful 
consideration with a clinician. Moreover, all diagnoses were discussed between researchers 
and involved clinicians and in the case of incongruence the site-coordinators made a final 
decision. The CASH or SCAN were administered to all participant cohorts.

The PANSS (Kay et al., 1987) was administered to measure severity of a variety of 
symptoms in the patient population. The PANSS (Kay et al., 1987) is currently the most widely 
used scale to assess the severity of a variety of symptoms in patients with schizophrenia. 
Originally the PANSS consists of three subscales: positive syndrome scale (item P1-P7), a 
negative syndrome scale (items N1-N7) and general psychopathology scale (item G1-G16). 
Recently, Van der Gaag et al. (2006a, 2006b) developed a complex model with a substantial 
number of double loading items and improved stability using confirmatory factor analysis 
on a large data set. This five-factor model presumably reflects the complex reality of 
schizophrenia and comorbid symptoms. Data reduction with the use of this model is thought 
to produce results that have better face validity and associations with other measures (van 
der Gaag et al., 2006a, 2006b). Therefore, in our analyses we will use this latter model next 
to the widely used original PANSS scale with its three subscales.

The Schedule for the Deficit Syndrome (SDS; Kirkpatrick et al., 1989) was used to 
categorize patients with schizophrenia into deficit or non-deficit subgroups. The SDS is 
a semi-structured interview designed to assess six enduring (lasting > 1 year) negative 
symptoms of restricted affect, diminished emotional range, poverty of speech, curbed 
interests, diminished sense of purpose, and diminished social drive. To meet criteria for the 
deficit syndrome, an individual must demonstrate a moderate or higher level of severity on 
at least two of these symptoms.  

To measure Parkinsonism, the motor examination part of the Unified Parkinson Disease 
Rating Scale (UPDRS) was being used (Martinez-Martin et al., 1994). The UPDRS is a valid and 
reliable instrument and widely used in research in Parkinson’s disease (Martinez-Martin et 
al.,1994). Dyskinesia was measured with items 1–7 of the Abnormal Involuntary Movement 
rating Scale (AIMS; Guy, 1976). Akathisia was measured with the Barnes Akathisia Rating 
Scale (BARS; Barnes, 1989) with one extra item added to measure acute dystonia with a 
severity score from zero to four.
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The Obsessive Compulsive Drug Use Scale (OCDUS; Schippers et al., 1997) was used in 
all parti cipants to assess self-rated cannabis craving over the past seven days. In a study 
among heroin users, Franken et al. (2002) found a three factor soluti on: (1) thoughts and 
interference; (2) desire and control; (3) resistance to thoughts and intenti on to use.

Table 1. Neuropsychological Assessment at baseline

Task domaina Reference

Word Learning Taskb Verbal Learning and Memory Brand & Jolles, 1985

Conti nuous Performance Test-HQ 
(CPT-HQ)b

Att enti on/vigilance Nuechterlein & Dawson, 1984; 
Wohlberg & Kornetsky, 1973

WAIS-III Digit Symbol Substi tuti on Test Processing Speed Wechsler, 1997

WAIS-III Informati on World Knowledge Wechsler, 1997

WAIS-III Arithmeti c Working Memory Wechsler, 1997

WAIS-III Block Design Reasoning and Problem Solving Wechsler, 1997

Response Set-shift ing Task (RST)b Reasoning and Problem Solving / 
Working Memory

Bilder et al., 1992

Benton Facial Recogniti on Test Visuopercepti on Benton et al., 1983

Degraded Aff ect Recogniti on Task 
(DFAR)b

Social Cogniti on Van ‘t Wout et al., 2004

Hinti ng Task Social Cogniti on Corcoran et al., 1995

aThe domains which the tasks correspond to are based on factor-analyti c work (Nuechterlein et al.,  2004), with 
the excepti on of the Response Set-shift ing Task and the Benton Facial Recogniti on Test; bComputerized assessment 
using E-prime 1.3

The semi-structured Yale-Brown Obsessive Compulsive Scale (YBOCS; Goodman et al., 
1989a, 1989b) was used in all parti cipants to measure obsessive compulsive symptoms. 
Investi gati ons of the psychometric properti es of the YBOCS in non-psychoti c OCD pati ents 
show high internal consistency, inter-rater reliability and test-retest reliability (Goodman et 
al., 1989a, 1989b; Woody et al., 1995, Kim et al., 1990). Internal consistency in pati ents with 
schizophrenia and comorbid obsessive-compulsive symptoms (OCS) were even bett er than 
those found in non-psychoti c pati ents with obsessive-compulsive disorder (OCD) (Boyett e 
et al., 2011; de Haan et al., 2006, Woody et al., 1995). A three-factor soluti on is thought 
opti mal: obsessions, compulsions, and resistance.  

2.4.4 Endophenotypes
The neuropsychological assessment focuses on verbal learning and memory, att enti on/
vigilance, working memory, speed of processing, reasoning and problem solving, verbal 
comprehension and social cogniti on, thereby covering all domains as included in the 
Measurement and Treatment Research to Improve Cogniti on in Schizophrenia (MATRICS) 
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consensus, with the exception of visual learning and memory (Nuechterlein et al., 2004). 
Tests for each of these domains are selected on the basis of established reliability and 
validity, as well as on their feasibility for use in large multisite studies (Table 1). For a number 
of the tasks, assessment was computerized using E-prime 1.3 (Psychology Software Tools, 
Inc., Pittsburgh, PA, 2001). The tests are administered in a fixed order. Total testing time is 
approximately two hours. A break is scheduled in case of subject fatigue.

To rate self-reports of lifetime psychotic experiences, the Community Assessment of 
Psychic Experiences (CAPE; www.cape42.homestead.com) was administered. Research 
with the CAPE has shown (i) a three-factor structure of positive, negative and depressive 
dimensions in a large and representative sample of young men (Stefanis et al., 2002) and in 
a large sample of undergraduate female students (Verdoux et al., 2003), (ii) discriminative 
validity across groups of individuals with schizophrenia, affective and anxiety disorders and 
individuals from the general population (Hanssen et al., 2003), (iii) family-specific variation 
for positive and negative subclinical psychosis dimensions (Hanssen et al., 2006), and (iv) 
stability over time and specific and independent associations with the corresponding 
interview-based dimensions (Konings et al., 2006). 

Siblings and healthy controls were assessed with the SIS-R (Kendler et al., 1989; Vollema 
and Ormel, 2000; Vollema et al., 2002) to measure schizotypy. Questions and rating 
procedures are standardized. Schizotypal symptoms and signs can be assessed reliably 
using the SIS-R (Vollema and Ormel, 2000). Item scores were reduced to three-dimensional 
scores of schizotypy of positive symptoms (such as referential thinking, delusional mood, 
magical ideation, illusions, and suspiciousness), of disorganization symptoms (such as goal 
directedness of thinking, loosening of associations, and oddness) and of negative symptoms 
(such as social isolation, social anxiety, introversion, restricted affect).

2.4.5 Outcome
Course of psychopathology, needs and care-consumption were assessed with the Life 

Chart Schedule (LCS; Susser et al., 2000) by clinical trained interviewers. The LCS was used 
in patients and other informants, e.g. one or both parents and to collect data from the 
clinical records. LCS ratings proved reliable in all four key domains The reliability was fair to 
excellent for ratings of duration of experience [interclass correlation coefficient (ICC) ranged 
from 0.53 to 0.99], quality of experience (kappa ranged from 0.46 to 0. 92) and long-term 
time trends (kappa ranged from 0.66 to 0.94). The LCS can be used to obtain reliable ratings 
of the long-term course of schizophrenia and related disorders in multiple domains.

Treatment response, adverse events and compliance were assessed by the treating 
physician at the start of the study and six months later. The Clinical Global Impression-
Schizophrenia Scale (CGI-SCH and CGI-IMP) was used to evaluate treatment response. The 
CGI-SCH and the CGI-IMP have been shown to have good concurrent validity and substantial 
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reliability and sensiti vity to change when compared with the PANSS and the GAF scales 
(Haro et al., 2003; Leucht et al., 2006). 

History of currently prescribed anti -psychoti c medicati on, co-medicati on, and reasons 
for recent medicati on switches were registered. Endocrine side-eff ects, subjecti ve 
experiences and extra-pyramidal side eff ects were evaluated as absent, minimal or present. 
Medicati on compliance was rated on a seven-item Likert-type scale, as described by Janssen 
et al. (2006). This scale is adapted from a four-category psychosis insight scale (Amador 
et al., 1993) and consists of seven categories refl ecti ng an increasing degree of positi ve 
compliance and cooperati on in taking medicati on (from ‘refuses all kinds of medicati on’ to 
‘cooperates acti vely, is fully responsible for intake’). 

The Camberwell Assessment scale of Need Short Appraisal Schedule (CANSAS; Slade et 
al., 1999) was used to assess need of care. The inter-rater reliability of the CANSAS was 
assessed under routi ne conditi ons. Agreement on the identi fi cati on of an area of need was 
high, higher on pati ent rati ngs than on staff  rati ngs (Andresen et al., 2000).

Quality of life was assessed with the 26-item the World Health Organizati on Quality 
of Life-BREF (WHOQOL-BREF 1998). The domain scores of the WHOQOL-BREF have been 
shown to correlate highly with the WHOQOL-100, which has demonstrated criterion validity 
(Orley and Kuyken, 1994). In a Dutch psychiatric outpati ent populati on the WHOQOL-BREF 
was demonstrated to be an adequate measure for assessing quality of life with a high 
construct validity and reliability (Trompenaars et al., 2005).

2.5 Procedure
The four sites all used the same measures (with one excepti on see Phenotypes secti on), 
and all measurements were administered in the same set order for standardizati on. The 
self-report questi onnaires were sent to the parti cipants prior to the fi rst assessment 
meeti ng in order for them to fi ll out and bring the questi onnaires to the meeti ng. At the 
start of the assessment informed consent was signed and the self-report questi onnaires 
were checked for missing data. The neuropsychological test batt ery was fi rst administered 
to make sure parti cipati ng individuals were fully concentrated and focused. Order eff ects 
are not accounted for. However, by starti ng with neuropsychological testi ng we maximized 
the chance that subjects achieved opti mally. Trained researchers applied the tests. Urine 
screening was administered at the same ti me to rule drug use eff ects out and the PANSS 
interview was also assessed. For the second assessment meeti ng, or in the case of siblings, 
parents and controls aft er the break, the diagnosti c tools were administered fi rst, then 
other questi onnaires and it closed with physical examinati on. Some of the questi onnaires 
had overlapping items and were therefore administered consecuti vely to avoid repeti ti on. 
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2.6 Overview of data flow, quality control and quality assurance
All co-workers of the GROUP project manually filled out the interview assessments on pre-
prepared template documents and they asked the participants to fill out the self-report 
questionnaires on similar pre-prepared template documents. In each one of the four 
sites, the data was uploaded by scanning these data mask template documents. Cardiff 
Teleform, the program used to create these template documents, automatically captures 
data from paper forms and documents (virtually eliminating all human intervention and 
errors), validate the data and pass it to the local database. A secure (encrypted) channel 
was installed between each site and the central GROUP data center in Groningen, over 
which the local database was auto-synchronized daily. After all sites got their data flow 
geared up and initial setup issues were resolved, the central data center started keeping 
history of all synced data sets. Clinical assessment data and endophenotype data were 
processed locally at specific sites and then synchronized with the central data center using 
the same secure channels. Before transmission of data from the sites to the central data 
center, quality controls were performed on site to eliminate human errors. Before scanning 
the documents all data was checked for errors by co-workers of the GROUP project, then 
after scanning the documents the data was verified again and if necessary, corrected. At 
the central data center a set of scripts was run each night to create a daily build of the 
aggregated central database from the collection of raw data streams from each site. These 
scripts included sanity checks, ranging from simple range checks to complex consistency 
checks. Modifications and data-cleaning at this level was also done by scripts and thus fully 
reversible. Each (internal) release of the central database contained fresh auto-generated 
codebooks and elaborate syntaxes (SPSS and STATA) and for transparency all scripts used to 
generate the central database were also published alongside. Histories of the aggregated 
central databases were kept every night, therefore all central data sets are archived. This is a 
powerful protection and quality policy. The anonymized central database was made available 
to all site coordinators by means of a secured website. This included auto-generated reports 
presenting statistics of processed instruments per assessment per site per subject-type. 
Suspect data (data failing sanity checks) was presented by reports and by extra data-files 
containing only suspect data to speed up the cleaning process. Using these reports each 
site would clean or re-run their data locally which would then show up in the next central 
database iteration after auto-synchronizing and rebuilding of the central database. After 
the triple checks, a group of database managers, at least one from each site, had weekly 
meetings to discuss the quality checks and find solutions for the remaining errors. Each 
senior site coordinator was responsible for quality assessment (technical and logical errors 
in the data) of a part of the assessments instruments. Any data questions that arose during 
this quality assessment process were reviewed by the research staff at the site where the 
data were collected. Thereafter a definitive data set was established and changes were only 
possible with permission of all senior site coordinators.
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3. RESUlTS

3.1 demographic and clinical characteristi cs of parti cipants
In this study 1120 pati ents, 1057 siblings, 919 parents, 590 healthy controls. Nineteen parents 
and 24 siblings received a pati ent status. Demographical data and clinical characteristi cs of 
the parti cipant pati ents, siblings, parents and controls are provided in Table 2. Analysis of 
variance (ANOVA) and Chi square tests were applied to investi gate the group diff erences in 
all groups and independent t test and chi to investi gate between the groups. There was a 
main eff ect of age (F[3,3682]=2339.24, p<.001). Besides the age diff erence between parents 
and the other groups, healthy controls were older than siblings (p<.001) and pati ents 
(p<.001). There was a main eff ect of the Wechsler Adult Intelligence Scale, third editi on 
(WAIS-III) esti mated intelligence quoti ent (IQ) (F[3,3548]=113.250, p<.001). Controls had 
signifi cantly higher IQ’s as compared to parents, siblings and pati ents (p<.001). Parents and 
siblings had signifi cantly higher IQ scores, as compared to pati ents (p<.001). Finally, there 
was a main eff ect of Educati onal degree (F[3,3578]=74.326, p<.001), adapted from Verhage 
(1964). Controls were signifi cantly higher educated as compared to siblings (p=.012), parents 
(p=.007) and pati ents (p<.001). 

Pati ents were signifi cantly lower educated as compared to their siblings (p <.001) and 
parents (p <.001), although the latt er two did not signifi cantly diff er. The included groups 
diff ered signifi cantly with respect to gender (w2(3)=315.320, p<.001). Seventy-six percent 
of the pati  ents were male. The proporti on of females was greater among siblings (54%), 
parents (57%) and healthy controls (54%). Groups diff ered signifi cantly with respect to 
ethnicity (w2(3)=64.413, p<.001). The majority of pati ents (79%) were Caucasian, which 
applied even more so to the other parti cipants (>80%). The origins of non-Caucasians 
were from a great variety of countries and cultures, including Morocco, Turkey, Surinam 
and several Asian countries. Most prevalent lifeti me psychiatric morbidity among siblings, 
parents and controls was depressive disorder. 

Cannabis use/dependence was more frequent in the male populati on of all the 
parti cipant groups, but compared to females the diff erences did not reach signifi cance. 
There was a signifi cant diff erence between the groups with respect to current residenti al 
status (w2(12)=694.957, p<.001) and marital status (w2(9)=765.098, p<.001). Pati ents were 
more oft en non-married, and single or living at their parents’ home. 

At baseline, the mean age of pati ents was 28, of which a minority had experienced 
their fi rst psychoti c episode during the past year. The spectrum of non-aff ecti ve psychoti c 
disorders consisted of various diagnosti c groups. The diagnosis of paranoid schizophrenia 
was most frequent (54%), followed by schizoaff ecti ve disorder (11%) and psychoti c disorder 
not otherwise specifi ed (NOS) (10%). Within the pati ent group the comorbidity rates were 
as follows: depressive disorder in the female sample (1,4%), bipolar disorder in the male 
(1.3%) and female (1.5%) sample and substance abuse in the male (45,4%) and female 
(17.2%) sample. 
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Table 2. Demographic and clinical characteristics of participants in the GROUP study, means (SD) and absolute 
numbers (%)

Patients Siblings Parents Controls 

Variable (N = 1120) (N =1057) (N = 919) (N = 590)

Age (yrs) at T0 27.7 (8.0) 27.8 (8.3) 54.7 (6.9) 30.4 (10.6) 
Gender, male % 76.2 45.6 42.7 45.8
Education, Verhagea 4.0 (2.1) 5.1 (2.1) 5.1 (2.3) 5.4 (1.8)
WAIS-III Estimated IQ 94.9 (16.1) 102.6 (15.6) 103.1 (17.0) 109.6 (15.2)
Ethnicity, Caucasian (%) 79.1 83.2 88.9 92.0
Marital Status (%)
  Not married
  Married/living together
  Other

87.9
9.2
2.9

57.4
40.3

2.3

4.7
70.7
24.7

55.0
41.0

4.0
Residential status (%)
  Single
  With parents(s)
  With partner/family
  Sheltered Living
  Other

33.7
39.5
10.3

9.7
6.8

20.5
27.7
46.3

0.1
5.3

8.3
5.5

84.8
0.0
1.4

22.1
26.8
46.9

0.0
4.3

Lifetime psychopathology      
Depressive Disorder:  
Male %     
Female %
Bipolar Disorder:    
Male %
Female %
Substance Abuse:
Male %
Female %

0
0.4

1.3
1.5

45.6
17.2

5.8
13.6

0.8
1.2

17.6
8.7

12.5
20.9

0.5
1.0

3.8
2.1

3.0
12.5

0
0.3

13.7
3.8

Age onset psychosis (yrs) 22.4 (6.8)
Duration of Illness (yrs) 4.4 (4.1)
Psychotic Episodes (N) 1.7 (1.1)
Recent Onset Psychosis (%) 19.3
PANSS,
  Positive
  Negative
  General

1.8 (0.8)
2.1 (0.8)
1.8 (0.5)

Hospitalizations (N) 2.6 (2.9)
Global Assessment of 
Functioning (GAF), 
  symptoms
  disabilities

55.9 (16.0)
54.5 (16.2)

Diagnostic (%),
  SZb, paranoid type
  Schizo-affective
  Psychosis NOS
  SZ undifferentiated type
  Schizophreniform
  SZ disorganized type 
  Other

53.8
10.7
10.4

5.7
5.6
3.7

10.1
aEducation, Verhage: 0=no education 1=Primary school 2=Secondary school, Lower level 3=Secondary school, 
Higher level 4=Highschool, Lower level,5=Highschool, Higher level 6=Vocational education, Lower level, 
7=Vocational education, Higher level 8=University; bSZ = Schizophrenia
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Diff erenti al diagnoses in the pati ent group were divided as follows: schizophrenia subtypes 
(65.5%), schizoaff ecti ve disorder (10.7%), psychoti c disorder not otherwise specifi ed 
(10.5%), schizophreniform disorder (5.6%), Brief psychoti c disorder (2.9%), delusional 
disorder (2.0%) and bipolar disorder (1.4%).

3.2 Inter-rater reliability
We chose to test the inter-rater reliability of the most important diagnosti c instruments 
and the measures of severity of (sub)clinical psychoti c symptoms (respecti vely CASH, SCAN, 
SIS-R and PANSS). In follow-up assessments inter-rater reliability of all other measure will be 
assessed. As described in the assessed measures secti on, the YBOCS, PAS and CANSAS have 
shown to have good inter-rater reliability aft er extensive training.

Inter-rater reliability of the PANSS and SIS-R assessment in the GROUP study was 
evaluated with ICC by using total and subscale scores of 16 randomly selected researchers 
(four of each study site) who rated four videotaped interviews: ICC of PANSS positi ve 
subscale score was 0.957 (95% confi dence interval 0.808 to 0.997); ICC of PANSS negati ve 
subscale score 0.911 (95% confi dence interval 0.606 to 0.994); ICC of PANSS total score 
0.946 (95% confi dence interval 0.758 to 0.996); and ICC of SIS-R total score was 0.986 (95% 
confi dence interval 0.868 to 1.000). Inter-rater reliability of the diagnosti c classifi cati on 
according to DSM-IV was evaluated by assessing the concordance between the diagnosis 
assessed by the raters involved in the GROUP project and the diagnosis as assessed by the 
treati ng clinician. A randomly selected comparison of 65 subjects with a psychoti c disorder 
revealed a diff erence in diagnosis in one case: schizoaff ecti ve disorder versus schizophrenia 
undiff erenti ated type. 

3.3 Proposed analyses for testi ng hypotheses. 
To compare resilience and vulnerability factors between pati ents, siblings, parents and 
controls a regression model that takes familial clustering into account will be used. Odds rati os 
will be calculated to determine the magnitude of the associati ons. Geneti c polymorphisms 
will be analyzed in the same way. Familial clustering will be conveyed as the random eff ect 
in multi level random regression models, and will be reported as the proporti on of total 
variance explained by random eff ect. To determine the extent of familial clustering, cross-
sib within trait analyses will be used, in which the presence of an endophenotype in sib 1 is 
used to predict the presence of the same endophenotype in sib 2. Next, a cross-sib cross trait 
analyses will be performed to test the relati on between endophenotypes within families. 
Herewith the presence of endophenotype 1 in sib 1 will be used to predict endophenotype 2 
in sib 2. If necessary, Bonferroni correcti ons will be performed to control for multi ple testi ng.
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4. dISCUSSION

This article presents objectives, sample characteristics overview, recruitment and 
assessment methods of the GROUP study. The objectives with respect to the inclusion of 
the large cohorts have been met. The descriptive purpose of the current paper sets the 
stage for future GROUP reports. A main objective of the project was to include at least 
1000 patients with non-affective psychosis, 1000 siblings, 1000 parents, and 350 controls, 
originating from a large part of the Netherlands and Belgium. This objective has largely 
been met. Strengths of the GROUP study are the sample size, the longitudinal nature, 
the comprehensive and detailed assessment of genetic factors, environmental factors, 
(endo)phenotypes, and clinical outcome. Inclusion of patients presenting consecutively at 
representative services either as outpatients or inpatients provides a representative sample 
of treated patients from which it is possible to derive meaningful population attributable 
fractions. Inclusion of brothers and sisters of these patients offers the unique possibility to 
study pathogenetic mechanisms and predictors of functioning and psychiatric disorders in a 
non-clinical population with an increased genetic risk. 

A number of limitations of the GROUP study should be noted. Firstly, selection bias: 
subjects willing to participate in a demanding study protocol may be different from subjects 
in other psychiatric studies that are less demanding, or from subjects refusing participation in 
research. Unfortunately, the response rate of the subjects approached was not evaluated. In 
addition, it is possible that subjects who did not complete the whole assessment procedure 
differ from other subjects. Future studies should take this into account. Secondly, differences 
between relatives and patients may be difficult to detect when siblings who are not available 
or willing to participate, share relevant clinical characteristics with their ill family members. 
However, the availability of FIGS data on non-participating relatives will enable an estimate 
of the magnitude of these potential biases. Thirdly, it is possible that adolescent siblings of 
affected probands subsequently develop a psychotic disorder during the follow-up period 
of six years. However, measurable subclinical symptoms are expected to be present in these 
subjects. Fourthly, although we strived for minimization and constancy of environmental 
influences on the subjects’ behavior during the assessment, some of the subjects had to 
be visited in their own living environment due to inability to visit the institute. We cannot 
rule out the possibility that this may have influenced assessments. Finally, despite massive 
investment, inter-rater reliability remains a vulnerability of large collaborations. The data 
quality of interview assessments may have been influenced by the large number of research 
assistants and participants in the GROUP study. However, an advantage was that for the 
duration of the full baseline assessment all research assistants remained connected to the 
research project. 

Studying both genes and environment in interaction is thought to be a sound strategy 
to identify the environmental and genetic variations that may give rise to the psychotic 
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vulnerability and variability in its course. It should be noted that factors beyond this 
interacti on may be part of the pathway to psychosis as well. One such a factor is the gene-
environment correlati on. The GROUP study may be suitable to investi gate these other forms 
of gene-environment interacti on as well (Rutt er et al., 2006). 

Longitudinal multi -center collaborati ons aimed at detailed assessment of vulnerability 
and resilience factors (environmental and geneti c) in populati ons with variable expressions 
of psychoti c vulnerability off er a unique opportunity to take forward the study of the eti ology 
and prognosis of non-aff ecti ve psychosis. Such investi gati ons require the involvement of 
many researchers and clinicians and therefore assessment methods that are precisely 
defi ned and uniformly applied. Research projects on such a scale are only possible with the 
dedicati on of many pati ents, family members, control subjects, researchers, clinicians as 
well as boards of directors of universiti es, health care insti tutes and funding agencies. Bett er 
understanding of predictors of clinical and subclinical presentati ons of psychoti c disorders 
will allow more accurate knowledge of possible preventi ve measures and thereby ulti mately 
contribute to health improvement of pati ents with non-aff ecti ve psychoti c disorders and 
those at high risk to develop such disorders. 
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AbSTRACT

Introduction Although many researchers agree that working memory (WM) impairments 
are a core symptom of schizophrenia, it remains unclear how the disturbances on specific 
WM components relate to one another. Methods In this study, we presented a Delayed-
Matching-To-Sample task to 24 schizophrenia patients and 24 healthy controls, matched 
on demographical variables. Verbal and visuospatial WM performance was investigated 
with pseudowords and Chinese characters as stimuli, respectively. Processing demands 
(maintenance and manipulation, measured with delay and mental rotation) were low or 
high. Reaction time and accuracy were recorded. Results All experimental factors had 
significant effects. In general, patients were slower and less accurate than controls. Patients 
were especially slower on verbal tasks but they were not less accurate. Accuracy differences 
did not increase when either maintenance or manipulation demands increased alone but 
they did when both maintenance and manipulation demands increased simultaneously. 
discussion These findings indicate that performance impairment in patients was non-
specific and that no specific deficit of any WM component was observed.
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1. INTROdUCTION

Working memory (WM) refers to the maintenance (short-term storage and rehearsal) and 
manipulati on of verbal and visuospati al informati on. Lesion studies (Corballis, 2003; Müller 
and Knight, 2006) and imaging studies (Cabeza and Nyberg, 1997; Chein et al., 2003) have 
shown that these processes and modaliti es can be dissociated, both anatomically and 
functi onally. Schizophrenia studies have revealed impairments on both verbal and visuospati al 
WM tasks (Barch, 2005). Fleming et al. used a Brown-Peterson task, in which parti cipants 
had to recall four words (Fleming et al., 1995). Performance diff ered between schizophrenia 
pati ents and healthy controls but diff erences did not increase when parti cipants had to 
perform an additi onal distracter task. Leiderman and Strejilevich studied visuospati al WM 
defi cits in schizophrenia using a Delayed-Matching-To-Sample (DMTS) task (Blough, 1959) 
with delay periods of 5 s and 30 s, during which parti cipants had to perform a distracter 
task (Leiderman and Strejilevich, 2004). As in the study by Fleming et al., when compared 
to the control populati on, schizophrenia pati ents showed a similar decrease in performance 
with increased maintenance demands. These studies show that increased maintenance 
demands do not lead to increased performance diff erences between schizophrenia pati ents 
and healthy controls. 
 However, two questi ons are sti ll open: (i) to what extent are maintenance demands 
already present in the control conditi on, and (ii) to what extent is the diff erence between 
schizophrenia pati ents and controls modality-specifi c. A study by Hartman et al. relates to 
the fi rst questi on (Hartman et al., 2003). They used a DMTS paradigm to measure visuospati al 
WM, with a ‘no-delay’ and a ‘delay’ conditi on for measuring maintenance demands. In the 
no-delay conditi on (during which the ‘no-delay’ had a durati on of 500 ms), maintenance 
demands were considered minimal. Interesti ngly, schizophrenia pati ents were already 
impaired in the no-delay conditi on. However, verbal WM was not tested in this study. 
 Studies presenti ng sti muli in diff erent modaliti es using the same paradigm address the 
second issue (Kim et al., 2004; Stephane and Pellizzer, 2007). Informati on which is highly 
imageable (visuospati al) is thought to be preferenti ally mediated by the right hemisphere, 
whereas highly verbalizable informati on is preferenti ally mediated by the left  hemisphere 
(Casasanto, 2003; Golby et al., 2001). To measure visuospati al WM, Chinese characters have 
been used (Andrade et al., 2002; Stephane and Pellizzer, 2007). These require a global style 
of representati on, mediated by the right hemisphere (Demetriou et al., 2005; Tan et al., 
2001). Stephane et al. used words to measure verbal WM in schizophrenia pati ents and 
controls; Chinese characters and locati ons in space were used to measure visuospati al 
WM. No modality-specifi c defi cit was found. However, the use of real words may have 
confounded the results in this study. The use of pseudowords (meaningless but verbalizable 
words, i.e., ‘hape’) may be less confounding. Like Chinese characters (for non-Chinese 
speakers), pseudowords have no meaning; they place higher demands on typical brain areas 
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of verbal WM, such as Broca’s area (Chein et al., 2003; Heim et al., 2005). A recent imaging 
study demonstrated that, when compared to controls, Broca’s area in schizophrenic patients 
is activated less when performing a real word - pseudoword discrimination task (Li et al., 
2007). Interestingly, the same area is involved during auditory hallucinations (McGuire et 
al., 1996) and has revealed abnormal cortical folding patterns in persons at high risk for 
schizophrenia (Wisco et al., 2007). Based on this literature, one might speculate that verbal 
WM is more severely disrupted in schizophrenia, compared to visuospatial WM; this has 
only been reported in a few studies (Grön, 1998; Wexler et al., 1998).  
 Apart from the modality issue, many studies found a dissociation between maintenance 
and manipulation processes (Owen, 1997; Mohr et al., 2006; Müller and Knight, 2006), with 
the latter being responsible for the transformation (e.g., mental rotation), organization, 
updating, and monitoring of task-relevant information maintained. One popular paradigm 
for measuring maintenance and manipulation is the n-back task, in which items are 
presented sequentially and the subject must decide whether the current stimulus matches 
the one presented n stimuli ago. Difficulty of the n-back task can be increased by using lags 
from n=0 to n=3, which may lead to increased manipulation demands (Braver et al., 2006; 
Zanello et al., 2009). Kim et al. argue correctly that this also leads to increased maintenance 
demands (remembering 3 vs. 1 item) (Kim et al., 2004). Therefore, impairment on the n-back 
task cannot be attributed to manipulation alone. In an attempt to solve this issue, Kim et al. 
created a task with a maintenance-and-manipulation’ condition and a ‘maintenance-only’ 
condition. When compared, increased differences in performance between schizophrenia 
patients and controls were found in the first condition. The authors therefore suggested 
that manipulation is impaired in schizophrenia. However, there were two methodological 
limitations in this study. First, as in the studies discussed in the first paragraph, maintenance 
was not measured in a control group. Second, as Kim et al. admitted, no ‘manipulation-only’ 
condition was included.
 Many studies have found that WM is impaired in schizophrenia patients (Lee and Park, 
2005). This impairment is often cited as a central feature of vulnerability (Silver et al., 2003); 
it is not believed to be attributable to medication effects (Barch, 2005; Pantelis et al., 1997). 
WM consists of multiple components, and most studies have not evaluated both, either 
separately or simultaneously, in a coherent and systematic way. Patients with schizophrenia 
seem to display impairments on all WM components, but the relative impairment on each 
component remains uncertain (Keefe, 2001). The aim of this study was to explore to what 
extent schizophrenia patients perform differently - compared to controls - on a modified 
DMTS task, varying maintenance and manipulation systematically, as well as modality of 
stimulus material.
 We used pseudowords and Chinese characters for verbal and visuospatial processing 
conditions, respectively. To examine potential impairments in manipulation, we presented 
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rotated sti muli. In the rotati on conditi ons, parti cipants had to mentally transform the 
presented sti mulus, compare the sti mulus with the original sti mulus, and then decide 
whether the sti muli were identi cal. Earlier studies have shown that mental rotati on involves 
manipulati on (Bruyer and Scailquin, 1998), which can be dissociated from maintenance 
(Hyun and Luck, 2007). 

Table 1. Demographical and clinical data*  

Group

Variable Controls (N=24) Pati ents (N=24)

Age (years) 37.4 ± 6.3 37.8 ± 7.1

Gender, male 17 18

Handedness, right 22 20

Educati on, Verhage 5.8 ± 0.8  5.4 ± 1.0

DART-esti mated IQa 103.2 ± 9.0 101.8 ± 11.3

Employment, 
  employed 
  unemployed 
  student 

23 
1 
0

7 
15 
2

GAF-scoreb 57.3 ± 8.1

Durati on of illness (years) 12.4 ± 6.8 

Relapse 2.8 ± 2.0

Anti -psychoti c medicati on, dosagec

Other medicati on,
  Benzodiazepines
  SSRIs
  Anti depressants
  Other

211.7 ± 143.3

5
3
4
4

Diagnosti c, 
  Schizophrenia  
  Schizoaff ecti ve  
  Schizophreniform 

21 
2
1

Pati ent status, outpati ent 23

*Table presents means ± standard deviati on or numbers (N);
aDutch Adult Reading Test; b GAF=Global Assessment of Functi oning;
cChlorpromazine equivalent, mg/day

In the short delay conditi on, maintenance demands were minimal, whereas maintenance 
was required during a fi lled interval between sti mulus presentati on and target presentati on. 
By varying delay (short and long) and orientati on of materials (normal vs. rotated), we 
created four conditi ons: control (short delay and normal orientati on), maintenance (long 
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delay and normal orientation), manipulation (short delay and rotated), and maintenance 
and manipulation (long delay and rotated). Therefore, this study is complementary to 
both the study of Hartmann et al. (control vs. maintenance) and the study of Kim et al. 
(maintenance vs. maintenance and manipulation). In line with earlier studies on WM 
impairments in schizophrenia patients and based on studies revealing deviations in Broca’s 
area, we expected patients, when compared to controls, to perform worse on verbal WM 
tasks than on visuospatial tasks. We expected no change in the difference between patients 
and controls concerning increases in maintenance. During manipulation conditions, 
however, we did expect patients to perform worse when compared with the controls.

2. METhOdS

2.1. Participants
Twenty-seven patients who met the Diagnostic and Statistical Manual of Mental Disorders, 
fourth edition (DSM-IV; American Psychiatric Association, 1994) criteria for schizophrenia 
during their acute psychotic episode were recruited from regional psychiatric institutes. 
According to their attending psychiatrists, these patients had not experienced psychotic 
symptoms during the last 3 months. Two patients did not fulfill this criterion, and were 
therefore excluded from analysis. One patient had to be excluded due to computer problems. 
Ultimately, data of 24 schizophrenia patients (paranoid type (n=18), disorganized type (n=1), 
catatonic type (n=1), rest type (n=1), schizoaffective (n=2), or schizophreniform disorder 
(n=1)) were analyzed. With permission from the patients, clinical data were obtained 
from their attending psychiatrists. All were on stable doses of antipsychotic medication 
(risperidone n=6, olanzapine n=5, clozapine n=6, haloperidol n=3, aripiprazol n=3, pimozide 
n=2, flupentixol n=1), and the chlorpromazine equivalent doses of medications were 
estimated according to the methods of Woods (2003). Global Assessment of Functioning 
(GAF) scores, adapted from the DSM-IV, were obtained to measure global functioning 
(American Psychiatric Association, 1994).
 Twenty-four healthy controls were recruited via word of mouth from the community. 
Exclusion criteria for controls included any current or past psychiatric disorder. Exclusion 
criteria for both groups included any current medical or neurological illness, past major 
head injury, dyslexia, familiarity with Chinese language, and history of alcohol or drug abuse 
within a 6-month period before participation. All participants used Dutch as their first 
language. 
 Table 1 shows the demographic and clinical data for all participants. The schizophrenia 
patients and healthy controls did not differ significantly in age (t(46)=-0.24, p=0.814), gender 
(Fisher’s exact test, p=1.000) handedness (Fisher’s exact test, p=0.666), ethnicity (Fisher’s 
exact test, p=1.000), educational level (t(46)=1.23, p=0.224, adapted from Verhage, 1964), 
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and premorbid level of intellectual functi oning (t(46)=0.494, p=0.624, evaluated using the 
Dutch Adult Reading Test (Schmand et al., 1992)). All parti cipants gave writt en informed 
consent before parti cipati on in the study, which was approved by an accredited Medical 
Ethics Review Committ ee (METC). All parti cipants were given fi nancial compensati on for 
travel costs.

2.2. Procedures and materials
Tasks were presented on a Windows laptop computer using E-prime 1.3 (Psychology 
soft ware tools, Inc., 2001). The computer was positi oned on a desk in front of the subject. 
Using a modifi ed DMTS paradigm and varying sti mulus material (pseudowords and Chinese 
characters) and delay (short vs. long), four tasks were created. Pseudowords were created 
using Random Word Generator (Copyright (C) 1998-2006 by Gammadyne Corporati on). 
Chinese characters were downloaded from chineseculture.about.com. To evaluate 
maintenance demands, half of the tasks contained a short delay of 0.5 s between prime and 
target, while there was a fi lled delay of 2.6 s. in the other two tasks. In each task, parti cipants 
were presented with a sti mulus (prime), which they were instructed to remember. Aft er a 
variable delay, a second sti mulus (target) was presented, and parti cipants had to indicate 
whether the target matched the prime by pressing a butt on. 
 Each of the four tasks (short delay with either verbal or visuospati al sti muli, long delay 
with either verbal or visuospati al sti muli) consisted of 40 trials, in which 10 diff erent prime 
sti muli were being used. Target sti muli were presented either in the normal orientati on or 
rotated 180°. Within each conditi on, half of the trials matched. Non-match conditi ons were 
generated in the following manner. In the verbal tasks, a randomly positi oned vowel or 
consonant of the original sti mulus was replaced by its next alphabeti cal vowel or consonant. 
Non-match target conditi ons in the visuospati al tasks were created by adding or excluding a 
patt ern of strokes from the prime sti mulus. Four diff erent pseudo-randomized series of trials 
were created. In these, prime-target sti mulus sets were counterbalanced across no-delay 
and delay conditi ons to control for possible diff erences in diffi  culty. There was a minimum 
of three trials between the re-use of prime sti muli. Target conditi ons were repeated to a 
maximum of 2 ti mes in the next trials. The administrati on of tasks was counterbalanced 
across parti cipants. 
 All sti muli were presented centrally on the screen (except for the target sti muli in the 
short delay tasks). All sti muli were presented in white font (except for the distracters) against 
a black background. At the beginning of each trial, a fi xati on point was presented for 0.2 s, 
followed by a blank screen for 0.4 s. Subsequently, a prime sti mulus was presented for 2 s. 
The prime was followed by a variable delay interval. 
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Figure 1. Task descripti on*
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* A full colour version of this fi gure is available at the Psychiatry Research journal online.

 A trial representati on of the verbal and visuospati al short delay tasks is illustrated in 
the left  half of Figure 1. The right half of Figure 1 illustrates the long delay task. Within 
each task, half of the target sti muli were presented rotated 180°, the other half of the 
sti muli were not rotated at presentati on (0°). During the delay period, four distracters were 
presented for 0.4 s, which were preceded by a blank screen for 0.2 s. The last distracter was 
followed by a blank screen for 0.2 s. Distracters, in a red color to draw att enti on to them, 
were presented to increase maintenance demands. Subject was instructed to look at these, 
but not to memorize them. The distracter sti muli had no relati on to the sti muli that had to 
be memorized. Aft er both sti mulus intervals, a target sti mulus appeared for 2.5 s. In the 
short delay tasks, the target appeared below the central positi on, in order to avoid masking 
by the prime sti mulus. Parti cipants were instructed to indicate, as fast and as accurately as 
possible, whether the target matched the prime or not. When the parti cipants’ response 
ti me was within 2.5 s, the program automati cally jumped to the next 1.5 s blank interval 
(Figure 1). Parti cipants responded via the keyboard, on which two keys were marked with a 
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yellow sti cker. Parti cipants were instructed to respond using their index fi ngers. Half of the 
parti cipants were instructed to press ‘L’ to indicate a match conditi on, and ‘D’ to indicate a 
non-match conditi on. This was reversed for the other half. Each task started with a set of 
16 practi ce trials in which a parti cipant’s reacti on ti me (RT) and accuracy were presented 
on the screen aft er each response. If accuracy of the practi ce series was below 80%, it was 
repeated automati cally. It took parti cipants 45-60 min to complete the experiment. All 
parti cipants completed the four tasks.

2.3. Stati sti cal analysis
We recorded RTs of correct answers (in milliseconds) and accuracy (percentage correct). 
RTs longer than 2500 ms were considered incorrect. Subject cell scores exceeding 2 
standard deviati ons (SD) from the mean group conditi on score were replaced by the mean 
cell score ± 2 SD. In total, 2.5% of the RT and 3.4% of the accuracy data were replaced. 
To examine process- and modality-specifi c WM dysfuncti ons in schizophrenia, a repeated-
measures analysis of variance (ANOVA) was performed with group (pati ents and controls) 
as a between-subject factor, and modality (verbal and visuospati al), maintenance (short 
delay and long delay), manipulati on (non-rotated and rotated), and answer (match and non-
match) as within-subject factors. All analyses were done with two-tailed hypothesis testi ng 
with α = 0.05. The stati sti cal analyses were performed using SPSS 12.0.

3. RESUlTS

3.1. Reacti on ti mes
Mean RTs for modality are provided in Table 2 for the verbal and visuospati al tasks. There was 
a signifi cant main eff ect of group (F[1,46]=14.74, p<.001). Pati ents were slower (M=1318), 
compared to controls (M=1163). All within-subject factors reached signifi cance (modality 
(F[1,46]=91.13, p<.001), maintenance (F[1,46]=20.01, p<.001), manipulati on (F[1,46]=347.13,
p<.001), answer (F[1,46]=24.46, p<.001). Verbal tasks were associated with longer RTs 
(M=1345), compared to visuospati al tasks (M=1136). Parti cipants were slower on long delay 
tasks (M=1277), compared to short delay tasks (M=1203). Rotati on conditi ons yielded longer 
RTs (M=1356) than non-rotati ons rotati on conditi ons (M=1125). Finally, it took parti cipants 
longer to indicate a match (M=1277), compared to a non-match (M=1205). There was a 
signifi cant group×modality interacti on (F[1,46]=9.09, p=.004). In visuospati al tasks, pati ents 
required longer RTs than controls (M=1181 and M=1091, respecti vely). RTs of both groups 
increased in the verbal tasks, but pati ents showed a signifi cantly stronger increase than 
controls (M=1456 and M=1235). This interacti on is in line with our hypothesis. Contrary to 
our hypotheses, the group×maintenance (F[1,46]=1.53, p=.222) and the group×manipulati on
(F[1,46]=1.29, p=.263) interacti ons were not signifi cant. 



46

| CHAPTER 3

3.2. Accuracy
For the verbal and visuospatial tasks, mean percentage correct scores for modality are 
provided in Table 3. As with the RT data, all main effects yielded significant results (group 
(F[1,46]=25.39, p<.001), modality (F[1,46]=70.02, p<.001), maintenance (F[1,30]=56.03, 
p<.001), manipulation (F[1,46]=124.85, p<.001), answer (F[1,30]=96.50, p<.001)). With 
a few exceptions, results were similar to the RT data. Schizophrenia patientswere less 
accurate than healthy controls (M=78.2 vs. M=87.1). Accuracy was lower in visuospatial 
tasks (M=78.3) than in verbal tasks (M=87.0). Long delay tasks yielded lower accuracy levels 
when compared to short delay tasks (M=79.3 and M=86.0, respectively). Compared to non-
rotation conditions (M=87.1), rotation conditions were performed less accurately (M=78.2). 
Finally, more errors were made when participants had to indicate a non-match condition 
(M=79.0) compared to a match condition (M=86.3). The accuracy effects of modality 
contrasted with those of the RT effects. This indicates that they may result from speed-
accuracy trade-off strategies. Contrary to the hypothesis, the group×modality interaction 
did not reach significance (F[1,46]=2.04, p=.160), but a trend was observed which opposed 
that of the group×modality interaction found in the RT data (verbal M=89.3 vs. M=83.8, 
visuospatial M=82.7 vs. M=74.4, for controls and patients, respectively).

Therefore, it is likely that the interaction found in the RT data is attributable to speed-accuracy 
trade-off effects. Again, the group×maintenance interaction did not reach significance 
(F[1,46]=0.03, p=.871). In line with our hypothesis, there was a significant group×manipulation 
interaction (F[1,46]=4.42, p=.041). In the non-rotation conditions, schizophrenia patients 
performed less accurately than controls (M=83.4 and M=88.9, respectively). In the rotation 
condition, this difference increased (M=74.4 and M=82.7). Compared to controls, patients 
have more difficulty with manipulation processes. This was not observed in the RTs. Of 
most relevance here was the significant group×manipulation×manipulation interaction 
(F[1,46]=4.30, p=.044). This indicates a dissimilar pattern of the group×manipulation 
interaction for the two maintenance-tasks. To compensate for this three-way interaction, a 
repeated-measures ANOVA was performed separately for the two maintenance conditions. 
Accuracy data are shown in Figure 2. In the short delay tasks, the group×manipulation 
interaction did not reach significance (F[1,46]=0.01, p=.976). In the long delay tasks, a 
significant group×manipulation interaction was found (F[1,46]=7.11, p=.011). Both the 
factors, group and manipulation, reached significance (F[1,46]=18.53, p<.001, F[1,46]=47.39, 
p<.001). In the non-rotation conditions, patients had lower accuracy scores than controls 
(M=81.1 and M=85.3). In the rotation condition, differences between patients and 
controls increased significantly (M=70.9 and M=80.8). The group×manipulation interaction 
in the long delay tasks is in line with our hypothesis. In the short delay condition the 
interaction with group×manipulation did not reach significance. Therefore, the significant 
group×manipulation interaction described earlier is moderated by the factor maintenance. 
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Figure 2. Mean accuracy data (% correct) for the schizophrenia pati ents and control subjects on 
Maintenance (short delay, long delay) x Manipulati on (non-rotati on, rotati on).
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4. dISCUSSION

The current study used a modifi ed DMTS task to determine whether and to what extent 
schizophrenia pati ents suff er from process-specifi c and modality-specifi c WM impairments. 
The results can be summarized as follows: fi rst, pati ents had both higher RTs and lower 
accuracy scores compared to controls. Second, pati ents were especially slower on the 
verbal tasks. Although not signifi cant, the accuracy data reveal a patt ern in the opposite 
directi on, which indicates that pati ents may be less accurate on visuospati al tasks, compared 
to controls. Third, in accordance with our hypothesis, diff erences between pati ents and 
controls did not increase when the long delay conditi on was compared with the short delay 
conditi on. However, this was also found when comparing manipulati on with the control 
conditi on. Fourth, when maintenance and manipulati on demands increased simultaneously, 
the diff erence in accuracy scores between pati ents and controls increased. The accuracy 
data in general confi rmed our hypotheses, while the RT data confl icted with the accuracy 
data on the modality-specifi c hypothesis. 
 Verbal and visuospati al tasks elicited diff erent results in this study. RTs were longer 
for pseudowords than for Chinese characters. This diff erence was even larger for pati ents 
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than controls. The reverse was true for the accuracy data. Here, accuracy was higher for 
pseudowords than for Chinese characters. The group×modality interacti on in the accuracy 
data was non-signifi cant, but a trend was observed in the opposite directi on. Possibly, verbal 
informati on was processed slower but more precisely in this study. At the same ti me, we 
may conclude that these fi ndings do not point to a modality-specifi c defi cit in the pati ent 
group.
 The fi nding that an increase in maintenance demands did not lead to an increased group 
diff erence is in accordance with Hartman et al. (2003). However, the fact that manipulati on 
did not lead to group diff erences is in contrast with other earlier studies (Cannon et al., 
2005; Kim et al., 2004; Tan et al., 2005). These studies suggest that WM impairments in 
schizophrenia are att ributable to manipulati on eff ects. This is questi onable, however, because 
these studies only compared a ‘maintenance-only’ with a ‘maintenance-plus-manipulati on’ 
conditi on. A ‘manipulati on-only’ conditi on was not included, as was recognized by Kim et al. 
The current study did include such a conditi on, as well as a control conditi on. Therefore, this 
study gives a clearer picture of WM functi oning in schizophrenia, in which neither a simple 
impairment of maintenance nor of manipulati on was found. 
 Most importantly, diff erences between pati ents and controls only increased when both 
maintenance and manipulati on demands were increased simultaneously. This interacti on 
eff ect may be due to a combinati on of these processes. With increases in ti me and 
distracti on, a sti mulus representati on fades. Carrying out a mental transformati on (rotati on) 
may not be diffi  cult for pati ents when such a representati on is relati vely fresh. However, 
once the representati on fades, additi onal demands are required to carry out the mental 
transformati on successfully. In these situati ons, task demands may exceed the cogniti ve 
capacity of the pati ents. This would be in line with a recent study, in which task demands 
were systemati cally varied and in which pati ents performed poorly, parti cularly when task 
demands were highest (Jansma et al., 2004). 
 The current study also shows that, in contrast with our hypothesis, schizophrenia 
pati ents display problems in the control conditi on (see Figure 2). Analyses of RT and 
accuracy data revealed that pati ents specifi cally showed poorer performance on non-match 
trials. This fi nding does not specifi cally speak to the modality or process specifi city issue. 
However, it does show that other factors, i.e. perceptual strategies in encoding and sti mulus 
discriminati on (Hartman et al., 2003; Holcomb et al., 1995; Lee and Park, 2005; Kim et al., 
2005), and psychomotor speed may also contribute to WM impairment in schizophrenia. 
Psychomotor speed has recently been found to predict higher cogniti ve processes (Sánchez 
et al., 2009). 
 A few strong points of this study are worth menti oning. Pati ents and controls were 
properly matched on demographic variables. Conditi ons in this study were comparable, 
because the same paradigm was used for both modaliti es. To control for order eff ects, 
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conditions and tasks were either counterbalanced or randomized. Highest accuracy levels 
were reached in the non-rotation and match condition of the verbal short delay task (M=96.9 
for controls, M=95.8 for patients). Lowest accuracy levels occurred in the rotation and match 
condition of the visuospatial long delay task (M=71.9 for controls, M=59.5 for patients). This 
makes an interpretation of the results in terms of ceiling or floor effects unlikely. Finally, all 
participants completed the experiment. 
 Some limitations should also be considered. We did not use an operationalized 
remission criterion (Andreasen et al., 2005), neither did we assess patients with the Positive 
and Negative Syndrome Assessment Scale (Kay et al., 1987). Therefore, we cannot state 
that the patients were symptom free, although this is not a requirement for remission 
(van Os and Kahn, 2007). However, the patients in this study were considered stable by 
their attending psychiatrists, had four psychotic episodes on average, and their GAF-
scores (American Psychiatric Association, 1994), known to predict functional outcome and 
symptoms (Schwartz, 2007; Svirskis et al., 2007), revealed moderate difficulty with regard to 
domains of functioning. Other limitations were a relatively small sample size, and the fact 
that there was no control group concerning psychomotor slowing, which may explain the 
large variance in the patient population. 
 The findings of the current study shed new light on WM impairments in schizophrenia. 
Our study illustrates that neither maintenance nor manipulation processes alone are 
responsible for this. Furthermore, we found that patients were not affected more than 
controls by a specific stimulus modality condition. We have also demonstrated that patients 
were not impaired in the manipulation condition when maintenance demands are kept 
minimal. We suggest a problem in cognitive capacity, a non-specific factor, is responsible for 
patients’ low task performance. Future studies should clarify the role of potential perceptual 
deficits and psychomotor slowing in WM performance in schizophrenia.
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AbSTRACT

Introduction Although patients with psychotic disorders display altered performance on 
set-shifting tasks, it remains unclear whether this is attributable to implicit or explicit task 
requirements.  The present study investigated i) whether set-shifting performance differs 
between patients with a psychotic disorder and controls and ii) associations with clinical 
variables. Methods Patients (N=951) were compared with healthy controls (N=527) on a 
task requiring alternation between two rules of responding based on trial-by-trial feedback 
(explicit set-shifting). Part of the sample (n=259 patients, n=222 controls) was administered a 
second task with a switch in the pattern of responding (implicit set-shifting). Results Patients 
showed significantly larger switching cost than controls on the explicit task, but not on the 
implicit task. Increased cost for explicit set-shifting was already apparent in recent-onset 
first-episode patients and was not associated with number of psychotic episodes. Effects 
of age of onset and duration of illness on switching cost disappeared when adjusting for 
age. Explicit set-shifting was associated with all dimensions of psychopathology. discussion 
Patients with psychotic disorders do not show diminished flexibility when shifts in task 
rules are procedural, but are less flexible when explicit rules for responding change. This 
diminished flexibility in explicit shifting does not appear to deteriorate over time.
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1. INTROdUCTION

Executi ve functi oning refers to a constellati on of higher level cogniti ve abiliti es involved 
in planning, self-monitoring and behavioural fl exibility, which are held responsible for 
independent functi oning (e.g. Miyake et al., 2000). One of the most consistent fi ndings in 
pati ents with a psychoti c disorder is the presence of altered performance on tasks assessing 
set-shift ing ability (Heinrichs and Zakzanis, 1998). Set-shift ing tasks such as the Wisconsin 
Card Sorti ng Test (WCST) and Competi ng Programs Task (Bilder et al., 1992) consist of a 
series of rule changes and require both cogniti ve stability to establish and maintain an 
appropriate response set and cogniti ve fl exibility for the switching to diff erent response 
rules. Despite robust performance diff erences in pati ents, with relati vely large eff ect sizes 
compared with several other domains of cogniti ve functi oning, set-shift ing ability may not 
be a robust intermediate phenotype. Studies on set-shift ing ability in unaff ected siblings of 
pati ents with psychoti c disorder have produced mixed results (Goldberg et al., 1990; Keefe 
et al., 1994; Meijer et al., 2012; Sitskoorn et al., 2004; Snitz et al., 2006) and suggest that it 
may not co-segregate with psychoti c disorder (Ceaser et al., 2008). Thus, set-shift ing may 
represent a marker of disease rather than of underlying familial vulnerability. Altered set-
shift ing performance may be a parti cularly relevant clinical phenotype, given that the ability 
to learn to change responses by experience is crucial for everyday functi oning where task 
demands and context change conti nuously. This is supported by fi ndings that set-shift ing 
performance is associated with functi onal outcome (Green, 1996) and that improvements 
in cogniti ve fl exibility may be associated with improvement in functi onal outcome (Wykes 
et al., 1999). Identi fi cati on of the contributi on of alterati ons in set-shift ing ability to clinical 
variati on and course of psychoti c disorder may help elucidate pathophysiological processes. 
It has been suggested that dissociati ons in performance may exist between tasks relying on 
procedural learning mechanisms and tasks relying on explicit/declarati ve mechanisms (e.g., 
a shift  to a new response rule when the previous one is no longer appropriate) (Gold et al., 
2008; Waltz et al., 2011). It has been suggested that pati ents with psychosis, may especially 
impaired on tasks on learning tasks in which explicit hypotheses are tested, such as the 
WCST, in which pati ents have to deduct the response rule from trial-to-trial feedback, rather 
more gradual (procedural) forms of learning, although there is also evidence that pati ents 
may show diminished performance on some types of implicit learning tasks (Horan et al., 
2008). Thus, it may be hypothesised that pati ents may be specifi cally impaired on set-shift ing 
tasks involving explicit shift s in response rules, whereas pati ents may not show set-shift ing 
problems on tasks that involve shift ing from an implicitly learned set of response sequences 
to a new set with a diff erent patt ern but same response rule.  However, implicit and explicit 
mechanisms of set-shift ing have never been studied concurrently. In additi on, many studies 
have used traditi onal tasks to study the explicit mechanisms, such as the WCST, which may 
involve other cogniti ve mechanisms such as rule deducti on and working memory. It therefore 
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remains unclear whether set-shifting impairments are attributable to implicit or explicit 
mechanisms. A number of studies have suggested that (explicit) set-shifting ability may be 
intact in the earliest stages of illness (Elliott and Sahakian, 1995; Hutton et al., 1998; Pantelis 
et al., 2009) and may only be apparent in established schizophrenia (Elliot et al., Pantelis 
et al. 1999; Wood et al., 2002). However, there are some reports of altered performance 
in first-episode patients (Murray et al., 2008). Set-shifting ability has been associated with 
negative and disorganization symptoms (Leeson et al., 2009; Nieuwenstein et al., 2001; 
Pantelis et al., 1999). This is in accordance with findings for the majority of neurocognitive 
domains, although subtle differential patterns between symptom dimensions and different 
cognitive alterations have been suggested (de Gracia Dominguez et al., 2009; Nieuwenstein 
et al., 2001).

The aim of the present study was to investigate the nature and the clinical relevance of 
set-shifting impairment in patients with a psychotic disorder. First, patients were compared 
with healthy controls on performance on two different set-shifting tasks: a response shifting 
task requiring alternation between two rules of responding to be deduced from feedback 
(explicit set-shifting) and a set shifting task in which the implicit pattern of responding 
shifts during the task (implicit set-shifting). It was hypothesized that performance on the 
explicit set-shifting task would be diminished in patients with a psychotic disorder compared 
to healthy control subjects, but that set-shifting performance on the implicit set-shifting 
task may not be altered. Second, it was explored whether set-shifting ability is already 
significantly diminished in recent-onset first-episode patients or is associated with course of 
illness and only diminished in established disorder as suggested by previous literature. It was 
investigated whether set-shifting was associated with illness characteristics and whether set-
shifting may be a state-marker. With respect to illness characteristics, it was hypothesized 
that set-shifting ability was associated with negative and disorganization symptoms. Finally, 
the present study analysed to what degree any associations between clinical variables and 
set-shifting were reducible to associations with generalized cognitive functioning.

2. METhOdS

2.1 Participants
The full GROUP sample consisted of 1120 patients with non-affective psychotic disorder and 
590 unrelated control subjects (Korver et al., 2012). Inclusion criteria were: (i) age range 
16 to 50 years, (ii) diagnosis of non-affective psychotic disorder and (iii) good command of 
Dutch language. Control subjects had no first or second degree relative with a psychotic 
disorder as established by the Family Interview for Genetic Studies (NIMH Genetics Initiative, 
1992) with the control subject as the informant. Diagnosis was based on the Diagnostic and 
Statistical Manual of Mental Disorder-IV (DSM-IV) criteria (American Psychiatric Association, 
2000), assessed with the Comprehensive Assessment of Symptoms and History (CASH) 
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interview (Andreasen et al., 1992) or Schedules for Clinical Assessment for Neuropsychiatry 
(SCAN 2.1) (Wing et al., 1990). DSM-IV diagnoses of the pati ents were: schizophrenia and 
related disorders (DSM-IV 295.x; n=945, 84%), other psychoti c disorders (DSM-IV 297/298; 
n=149, 13%) and psychoti c illness in the context of substance-abuse or somati c illness 
(n=9; 1%) (Geneti c Risk and Outcome in Psychosis (GROUP) Investi gators, 2011). General 
intellectual ability was measured using IQ scores derived from the four-subtest version 
(Informati on, Block Design, Digit Symbol Coding and Arithmeti c) (Blyler et al., 2000) of the 
Dutch version of the Wechsler Adult Intelligence Scale (WAIS-III) (Wechsler, 1997). See Table 
1 for demographics and clinical characteristi cs.

The study protocol was approved centrally by the Ethical Review Board of the University 
Medical Centre Utrecht and subsequently by local review boards of each parti cipati ng 
insti tute. 

Table 1. Demographic and clinical characteristi cs of pati ents and control subjectsa

Pati ents Controls between-group 
comparisons

(N=951) (N=527) Test stati sti c p

Age 27.7 ± 8.2 30.4 ± 10.7 t=5.4 <.001

Sex (% male) 76.2 47.1 χ2=128.3 <.001

IQ 94.7 ± 16.2 109.6 ± 15.3 t=17.1 <.001

Age at onset of psychosis
Durati on of illness in years
Recent onset psychosis (< 1 year), %
Number of psychoti c episodes
PANSSb

   positi ve
   negati ve
   disorganizati on
   emoti onal distress
   excitement
GAFc symptoms
GAFc disability
Current anti psychoti cs, %
Mean dosed

22.4 ± 6.9 
4.4 ± 4.1
18.9 
1.7 ± 1.2 

13.9 ± 6.5 
15.2 ± 6.7 
16.8 ± 6.3 
15.7 ± 5.6
12.0 ± 3.9
56.2 ± 15.9 
54.9 ± 16.0
86.8 
8.1 ± 63.2 

aTable presents means ± SD, or numbers (in %); aBased on sample with non-missing data on the explicit set-shift ing 
task; bPANSS=Positi ve and Negati ve Syndrome Scale; cGAF=Global Assessment of Functi oning; dDose of current 
anti psychoti cs, haloperidol equivalent.

Aft er full verbal and writt en informati on about the study, writt en informed consent was 
obtained from all parti cipants before the start of the fi rst assessment.

2.2 Set-shift ing tasks
One set-shift ing task (response shift ing task) was administered to the whole GROUP sample. 
Part of the sample (the part of the sample that was collected in selected representati ve 
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geographical areas in the southern part of the Netherlands and the Dutch-speaking part of 
Belgium by the Maastricht centre of the GROUP project) was administered a second task 
assessing set-shifting ability (set-shifting task).

2.2.1 Explicit set-shifting task
The response shifting task (RST), a modified version of the Competing Programs Task (Bilder 
et al., 1992; Nolan et al., 2004), was administered in order to assess set-shifting ability from 
an imitation response rule to a reversal response rule. Subjects are presented with the 
stimulus word “left” or “right” in the middle of the screen and must respond by pressing 
a key on either the left or right side of the keyboard. Stimuli are presented for 3000 ms, 
followed by feedback (“correct” or “wrong”) for 1000 ms. During blocks 1 and 3 (imitation), 
subjects must press the key congruent with the stimulus, e.g. the left key when presented 
with the stimulus “left”. During blocks 2 and 4 (reversal), subjects must press the key 
incongruent with the stimulus, e.g. the right key when presented with the stimulus “left”. 
Each block ends (and the rule changes) after either a maximum of 20 trials or the criterion 

of eight consecutive correct responses is reached. Subjects must deduce the response rules 
from trial-by-trial feedback, without explicit instruction.

Outcome variables were accuracy cost (proportion correct in the imitation condition – 
proportion correct in the reversal condition) and reaction time cost (reaction time in the 
reversal condition – reaction time in the imitation condition). The first response in each 
block and responses that were preceded by errors were excluded from analyses (Meiran et 
al., 2000). In addition, only reaction times for correct responses were used and trials with a 
reaction time shorter than 150 ms were eliminated from the analyses.

2.2.2 Implicit set-shifting task
In the Set Shifting Task (Cogtest plc, London) (Bilder et al., 1992), subjects are asked to 
respond as fast as possible to the direction in which a square appears on the computer 
screen by pressing the corresponding key on the keyboard. In the first phase (30 stimuli), 
the square appears randomly on either the left or the right side of the screen, in order to 
establish baseline reaction time. Subsequently, the participant (implicitly) learns the first 
‘response set’, which is a simple right-right-left sequence. After some experience with this 
rule, reaction time usually decreases from the baseline reaction time as subjects learn to 
anticipate the next stimulus in the sequence. If the participant makes an error or does not 
respond, a new triad is commenced. Subjects need to perform correctly on 8 sequences (or 
triads) consecutively for initial set acquisition to be presumed. They are allowed up to 60 
individual stimuli to learn the set rule.

Following the initial acquisition phase, without prior warning, the stimulus sequence is 
reversed (to left-right-right). This shift in response set is usually associated with an increase 
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in reacti on ti me, slower than the baseline reacti on ti me, the set shift ing eff ect. Again the 
subject is given up to 60 sti muli to learn this rule. When he or she has performed correctly 
on 8 sequences of left -left -right presses, the set is deemed acquired and this phase termi-
nates. The initi al acquisiti on phase is then presented again in exactly the same manner, fol-
lowed by a further change of set, with identi cal parameters. The subject thus goes through 
3 reversals altogether to obtain reliable measures. 

Set shift ing cost was calculated by subtracti ng the mean reacti on ti me at the end of the 
initi al ‘response sets’ (last 7 sti muli) from the mean reacti on ti me at the beginning (fi rst 7 
sti muli) of the ‘reversal sets’. A shift ing cost for accuracy was calculated as well, by subtract-
ing the total errors made during the ‘response sets’ from the total errors made during the 
‘reversal sets’.

2.3 Clinical assessment
Recent onset psychosis was defi ned as ‘no more than 1 psychoti c episode with onset in 
the year prior to the assessment’. The non-recent onset pati ents had an illness durati on 
of longer than 1 year, or had experienced multi ple psychoti c episodes. Age at onset was 
defi ned as age at fi rst contact with mental health services and was assessed retrospecti vely 
using combined informati on from pati ents and clinicians. Durati on of illness was defi ned as 
the onset the period of the fi rst psychoti c episode unti l date of testi ng, calculated in years. 
Dose of current daily anti psychoti c medicati on was converted to milligram haloperidol 
equivalents (Andreasen et al., 2010), excluding extreme outliers of > 3 SD.

Current severity of clinical symptoms was measured with the Positi ve and Negati ve 
Syndrome Scale (PANSS) (Kay et al., 1987), which consists of 30 items. Each item is scored 
on a scale ranging from 1 (absent) to 7 (extreme), with rati ng incorporati ng the behavioural 
eff ect of symptoms as well as their severity. Originally, the PANSS consisted of 3 domains: 
a positi ve and negati ve syndrome scale and a general psychopathology scale. Later, a more 
fi ne-grained, 5-factor structure was developed (van der Gaag et al., 2006a; van der Gaag 
et al., 2006b), incorporati ng the factors positi ve symptoms, negati ve symptoms, emoti onal 
distress, excitement and disorganizati on. In the current study, we used the 5-factor structure. 
In additi on, current symptoms and functi oning were measured with the Global Assessment 
of Functi oning (GAF) scale, adapted from the DSM-IV (American Psychiatric Associati on, 
2000); GAF scores were split into their separate symptom and disability component scores 
to improve psychometric properti es.

2.4 Stati sti cal analyses
First, performance on the implicit and explicit set-shift ing task in pati ents with psychoti c 
disorder was compared to performance in healthy controls. Analyses were run separately 
for the implicit set-shift ing task (SST) and the explicit task (RST), and were conducted for 
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accuracy cost and reaction time cost scores. Given the fact that some families contributed 
more than one subject, hierarchical clustering of data was taken into account by including a 
family random effect in the model, using the multilevel random regression XTREG routine in 
STATA, version 11 (StataCorp, 2009). Subsequently, if results showed a significant difference 
in cost in patients compared to controls, clinical correlates of set-shifting cost were explored 
in patients with psychotic disorder. All analyses were adjusted a priori for age and sex. IQ 
and dose of antipsychotic medication were also investigated to explore independence of 
effects.

3. RESUlTS

3.1 Participants
Response Shifting Task scores were available for 951 patients (84.9%) and 527 controls 
(89.5%). Set shifting task scores were available for 259 patients and 222 controls. Mean 
reaction time cost (i.e. increase in reaction time in reversal compared to initial imitation 
condition) for explicit set-shifting was M=206.4 (SD=234.7) in patients and M=195.4 
(SD=178.2) in controls. Mean accuracy cost for explicit set-shifting (drop in proportion 
correct) was M=.26 (SD=.27) for patients and M=.22 (SD=.25) in controls. Mean reaction 
time cost for implicit set-shifting was M=-65.4 (SD= 64.4) in patients and M=-62.1 (SD=49.9) 
in controls, mean accuracy cost for implicit set-shifting was M=.02 (SD=.34) in patients and 
M=-.001 (SD=.24) in controls. The subgroup that was administered the implicit set-shifting 
task did not differ on explicit set-shifting scores compared to the whole sample.

3.2 Implicit and explicit set-shifting ability in patients versus controls
Although patients had significantly more errors (b=1.34, 95% CI .34-2.34, p=.008) and longer 
reaction times (b=18.05, 95% CI 10.31-25.80, p<.001) compared to control subjects for the 
reversal set of the implicit set-shifting task, patients did not show evidence for significant 
increases in cost for implicit shifting from initial to reversal set (reaction time cost: b=-
4.28, 95% CI -16.29-7.73, p=.45; accuracy cost: b=.04, 95% CI -.03-.10), p=.26) compared to 
control subjects. In contrast, patients did show an increased accuracy cost for the explicit 
set-shifting task (b=.06, 95% CI .03-.09, p<.001) compared to control subjects. There was no 
difference between the patient and control group for reaction time cost on the explicit set-
shifting task (b=6.75, 95% CI -17.89-31.38, p=.59).

3.3 Associations between set-shifting and stage of illness
Given that the Response Shifting Task requiring explicit set-shifting showed significant 
differences between patients and control subjects in accuracy cost of switching, associations 
between accuracy cost on the RST and clinical variables were explored.

There were no significant differences between recent onset and non-recent onset 
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pati ents on accuracy switching cost (  b=.03, 95% CI -.02-.07, p=.26), both groups performing 
worse than healthy controls subject in terms of greater reducti on in accuracy when shift ing 
to reversal conditi on (recent onset: b=.06, 95% CI .03-.09, p<.001; non-recent onset: b=.04, 
95% CI .03-.13, p=.001). No signifi cant eff ects were found for number of psychoti c episodes 
(b=.01, 95% CI -.01-.02, p=.51).

Although age of onset (b=.01, 95% CI .003-.01, p<.001) and durati on of illness (b=.01, 95% 
CI .002-.01, p=.006) were both signifi cantly associated with accuracy cost, both variables 
showed correlati on with age (r >.80 and r >.40, respecti vely), and the eff ects disappeared 
when adjusti ng for the covariates age and sex (b=-.001, 95% CI -.01-.003, p=.50 and b=.002, 
95%CI -.003-.01, p=.45, respecti vely), suggesti ng mediati on by age.

3.4 Associati ons with symptoms
Accuracy cost was associated with all fi ve symptom dimensions (positi ve: b=.003, 95% CI 
.001-.01, p=.02, negati ve: b=.003, 95% CI -.00001-.01, p=.052, disorganizati on: b=.007, 95% 
CI .004-.010, p<.001, emoti onal distress: b=.005, 95% CI .002-.008, p=.001, excitement: 
b=.007, 95%CI .002-.011, p=.004). Neither current anti psychoti c medicati on status (yes/no) 
nor dose of anti psychoti c medicati on were related to accuracy cost (b=.04, 95% CI -.01-
.09, p=.15, b=.003, 95% CI -.001-.006, p=.13) and could therefore not explain associati ons 
between symptoms and accuracy cost. IQ, however, was signifi cantly associated with 
accuracy cost (b=-.003, 95% CI -.005,-.003, p<.001). In a regression model with symptom 
dimension as dependent variable and set-shift ing and IQ as independent variables, set-
shift ing remained signifi cantly associated with disorganisati on and emoti onal distress 
(b=2.17, 95% CI .60-3.73, p=.007 and b=2.02, 95% CI .56-3.48, p=.007, respecti vely), with IQ 
also having a signifi cant independent eff ect on both symptom dimensions (disorganisati on: 
b=-.11, 95%  CI -.14,-.009, p<.001; emoti onal distress: b=-.03, 95% CI -.05-,-.002, p=.03). In 
contrast, accuracy cost was no longer signifi cantly associated with the other three symptom 
dimensions aft er adjusti ng for IQ, although there were trend associati ons for the positi ve 
and excitement dimension (positi ve: b=1.53, 95%CI -.19,-3.25, p=.08; negati ve: b=.40, 95% 
CI -1.32-2.11, p=.65; excitement: b=.93, 95% CI -.06-1.93, p=.07). Both GAF symptoms and 
GAF disability were also signifi cantly associated with accuracy cost (b=-.001, 95% CI -.002,-
.0001, p=.03; b=-.001, 95% CI -.002,-.0001, p=.03, respecti vely), but these eff ects were 
eliminated when adjusti ng for IQ (b=-.001, 95% CI -.002,-.001; p=.29, b=-.0003, 95% CI -.001-
.001, p=.58, respecti vely).

4. dISCUSSION

The present study investi gated set-shift ing performance in pati ents with non-aff ecti ve 
psychoti c disorder using two diff erent set-shift ing tasks. The fi rst aim of the study was to 
investi gate whether altered set-shift ing performance in pati ents was specifi c to explicit 
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shifting of response rules or whether implicit shifting of response set would also be altered. 
The results suggested that patients show evidence for diminished set-shifting ability in 
terms of relative decrease in response accuracy from imitation to reversal trials compared 
with control subjects for the explicit, but not for the implicit set-shifting task. These findings 
are in line with previous suggestions that patients may be more impaired on tasks relying on 
explicit/declarative mechanisms but not on tasks relying on procedural learning mechanisms 
(Gold et al., 2008; Waltz et al., 2011). The response shifting task requires negative feedback-
based switching of response to a competing response and the additional inhibition of the 
more natural response (left=press left button), whereas the implicit set-shifting task only 
requires subjects to abandon a previous successfully learned response sequence.  Thus, 
patients have seemingly no more (relative) difficulty compared to control subjects with 
adapting to sudden changes in the implicit pattern of responding, but do experience more 
difficulty when they have to adapt their response rules based on trial-to-trial feedback. 

In contrast to previous studies (Elliott and Sahakian, 1995; Hutton et al., 1998; Pantelis et 
al., 2009), the present findings suggest that explicit set-shifting performance differs already 
from healthy control performance in recent-onset first-episode patients. Furthermore, set-
shifting performance was not associated with number of psychotic episodes; and although 
duration of illness and age of onset were both associated with RST accuracy cost, these 
associations disappeared when adjusting for age. Because particularly age of onset showed 
evidence of collinearity with age (r >.80), it is difficult to tease apart the effects of these 
clinical variables from the effect of age. However, the effect of age on RST accuracy cost was 
very similar in healthy controls and patients (b=.005 and b=.006, respectively). Thus, explicit 
set-shifting ability appears to be already diminished in the early stages of illness and this 
does not appear to deteriorate with time. 

In contrast to previous studies that have linked set-shifting ability specifically to current 
severity of negative and disorganization symptoms (Leeson et al., 2009; Nieuwenstein et al., 
2001; Pantelis et al., 1999), the alteration in set-shifting performance (larger accuracy cost) 
was associated with all five symptom dimensions of the PANSS, although the association with 
negative symptoms just missed significance at alpha=.05. However, the association negative 
symptoms may be more related to general cognitive functioning rather than to set-shifting 
ability per se, given that the effect was eliminated when adjusting for IQ. Similarly, global 
assessment of symptoms and disability was also associated with set-shifting ability, but this 
association also appeared to be more related to general cognitive functioning. In contrast, 
adjusting for IQ reduced the associations between positive and excitement symptoms to 
a trend level, but the associations with disorganisation and emotional distress symptoms 
remained significant. The findings that response shifting performance – a task with simple 
contingencies (left/right stimulus-response)  in contrast to the multicomponential WCST 
that involves more complex hypothesis testing (Bilder et al., 1992) - showed only modest 
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correlati on (r =-.21) with general cogniti ve ability (IQ), having independent associati ons with 
clinical symptoms, suggests that it may measure fairly discrete cogniti ve processes.

Some limitati ons should be taken into considerati on when interpreti ng the results. Not 
all subjects had set-shift ing task scores. This was predominantly due to problems related to 
computerized assessment and data storage, which form a challenge in multi -centre studies 
(Keefe et al., 2006). However, pati ent status also aff ected the number of missing test results. 
Therefore, it cannot be ruled out that pati ents with more cogniti ve alterati ons were more 
likely to have missing data, resulti ng in att enuated eff ect sizes.

Alterati ons in set-shift ing ability in pati ents were small (drop in proporti on correct from 
imitati on to reversal trials was -27% in pati ents compared to -21% in controls) and may 
not be of clinical relevance (expressed in standardized eff ect sizes: β’s<.20). However, set-
shift ing ability was associated with disorganisati on symptoms and emoti onal distress and 
these associati ons, as well as the diff erence between and pati ents and controls, remained 
signifi cant (all p’s<.02 remain signifi cant) when applying the Simes modifi cati on of the 
Bonferroni correcti on (Simes, 1986) to control for the risk of type 1 error in the multi ple 
non-independent tests.

In conclusion, the present fi ndings suggest that pati ents with psychoti c disorder, from 
the fi rst-episode onwards, show a signifi cant, albeit small, decrement in fl exibility compared 
to healthy controls when task demands require the explicit switching of response rules, in 
contrast to implicit, procedural shift s in response rules for which pati ents show equivalent 
fl exibility compared to controls. Diminished fl exibility in switching between explicit response 
rules is associated with increased all fi ve dimensions of psychopathology and does not 
appear to deteriorate over ti me.
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AbSTRACT

Introduction Although cognitive subtypes have been suggested in schizophrenia patients, 
similar analyses have not been carried out in their unaffected siblings. Subtype classification 
may provide more insight into genetically driven variation in cognitive function. We 
investigated cognitive subtypes in siblings. Methods Cluster analyses were performed in 
654 unaffected siblings, on a cognitive battery that included tests of attention, intellectual 
function, and episodic memory. Resulting subtypes in the siblings were analyzed for 
cognitive, demographical, and clinical characteristics and compared with that of their 
proband. Results Three sibling subtypes of cognitive function were distinguished: ‘normal’, 
‘mixed’, and ‘impaired’. Normal profile siblings (n=192) were unimpaired on cognitive tests, in 
contrast to their proband (n=184). Mixed profile siblings (n=228) and their probands (n=222) 
had a more similar performance pattern. Impaired profile siblings had poorer functional 
outcomes (n=234), and their profile was almost identical to that of their proband (n=223). 
Probands with cognitively impaired siblings could be distinguished from other schizophrenia 
patients by their own cognitive performance. They also had poorer clinical characteristics, 
including achievement of symptomatic remission. discussion Unaffected siblings of patients 
with schizophrenia are heterogeneous with respect to cognitive function. The poorer the 
cognitive profile of the sibling, the higher the level of correspondence with the proband. The 
sibling’s cognitive subtype was predictive for disease course in the proband. Distinguishing 
cognitive subtypes of unaffected siblings may be of relevance for genetic studies.
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1. INTROdUCTION

Cogniti ve impairments are a core feature of schizophrenia, and have been found in several 
domains, including verbal learning and memory, working memory, and processing speed 
(Palmer et al., 2009). These impairments are known to substanti ally contribute to functi onal 
disability (Green, 1996). Although nearly all pati ents with schizophrenia display a decrement 
in cogniti ve functi on (Keefe et al., 2005), there is no cogniti ve profi le that is characteristi c 
or unique for schizophrenia (Robbins, 2005). Several studies have disti nguished cogniti ve 
subtypes, suggesti ng that the heterogeneity of schizophrenia may be reducible to more 
homogeneous subtypes (Joyce and Roiser, 2007). Some of the subtypes observed in pati ents 
displayed selecti ve impairments (e.g. verbal learning and memory), whereas others were 
characterized by impairments across multi ple cogniti ve domains (Bruder et al., 2004). 
Subtypes can be of importance in the search for the underlying pathophysiological pathways 
to schizophrenia. Indeed, evidence emerging from imaging and geneti c studies may indicate 
the existence of cogniti ve subtypes (Chow et al., 2006; Lin et al., 2009; Liu et al., 2008). 

Cogniti ve alterati ons have also been consistently reported in unaff ected siblings of 
schizophrenia pati ents (Gur et al., 2007; Sitskoorn et al., 2004; Szöke et al., 2005). This 
indicates that the cogniti ve impairments in schizophrenia cannot be solely att ributed 
to the infl uence of disease-related factors, such as psychoti c episodes, hospitalizati on, 
unemployment, or medicati on eff ects. Rather, cogniti ve alterati ons may be a marker of 
geneti c risk for schizophrenia (Toulopoulou et al., 2007). 

We therefore considered it would be interesti ng to know whether there are also 
cogniti ve subtypes in siblings of schizophrenia pati ents, and whether these correspond with 
the subtype seen in the pati ent relati ve. There are indicati ons that siblings are indeed a 
heterogeneous group with respect to cogniti on (Kéri and Janka, 2004; Meijer et al., 2012). 

Some studies found only a minority of siblings met the criteria for cogniti ve impairment (Kéri 
and Janka, 2004), while others reported larger diff erences between siblings and controls 
(Szöke et al., 2005). It is thus conceivable that studying cogniti ve subtypes in siblings might 
result in profi les of siblings being similar to those found in probands. Since unaff ected 
siblings are at higher than average geneti c risk for psychoti c disorder, they are also at 
signifi cant risk of developing subclinical expressions of liability for the disease. Identi fying 
cogniti ve subtypes of siblings and comparing them with their probands may off er a useful 
assessment of the state of health in these siblings and the likelihood for their developing 
psychoti c disorder. 

We aimed fi rstly to identi fy cogniti ve subtypes in the unaff ected siblings of schizophrenia 
pati ents and, secondly, to investi gate whether these subtypes are associated with cogniti ve 
impairments and clinical symptoms in the proband. The study was performed within the 
framework of the Geneti c Risk and Outcome of Psychosis (GROUP) project, a large, Dutch, 
longitudinal study that aims to investi gate vulnerability and resilience factors for variati on in 
the expression and course of non-aff ecti ve psychoti c disorder (Korver et al., 2012). 



66

| CHAPTER 5

2. METhOdS

2.1 Participants
There were 1064 patients (probands), 1,057 unaffected siblings, and 590 unrelated healthy 
controls participating in the GROUP study. An overview of the study objectives, sample 
characteristics, assessments, and recruitment methods has been described elsewhere 
(Korver et al., 2012). For the current study, inclusion criteria for the controls, siblings, and 
patients were: age between 16 and 50 years old, being fluent in Dutch, and absence of 
substance disorder. Exclusion criteria for the controls and siblings were: presence of a 
psychotic disorder, and non-completion of the cognitive battery. For the controls, the 
presence of a non-affective psychotic disorder in a first-degree relative was also an exclusion 
criterion. This resulted in 499 controls, 915 siblings, and 908 patients being included in our 
study. We later limited the analyses to one sibling per family (see Methods 2.4.3).

2.2 Cognitive assessment
Task selection was based on cognitive domains that have been shown to be impaired in 
schizophrenia (Nuechterlein et al., 2004). The cognitive battery has been described in 
detail elsewhere (Meijer et al., 2012). For the current study, we decided to focus on the 
neurocognitive (or non-social cognitive) measures. In addition, based on an earlier study, 
we selected the measures with the most significant results. For attention and vigilance, 
the Continuous Performance Test – HQ was administered. An efficiency score ([accuracy/
reaction time] x 1000) was created, in which accuracy was measured as the total number 
of hits (range 0-28) minus the total number of errors (range 0-28), divided by 28. If this 
calculation of accuracy was non-positive (i.e. the number of errors equaled or exceeded the 
number of hits), then the accuracy was set equal to 0.005. This score was referred to as ‘CPT 
performance’. Intra-individual variability in reaction time (Hilti et al., 2010) on the CPT was 
also evaluated (‘CPT variance’), using the standard deviation score of the subject’s mean 
response time on the hit trials. The short form of the Wechsler Adult Intelligence Scale – III 
was assessed for an indication of intellectual functioning, and included the following tests: 
‘Block Design’, ‘Digit Symbol’, ‘Arithmetic’ and ‘Information’ (Blyler et al., 2000). Recent 
studies have shown that Digit Symbol also requires aspects of executive function (Dickinson, 
2008). The Information task can be regarded as a ‘hold’ task, relatively resistant to the 
influence of psychosis. Finally, the Word Learning Task (WLT), was included as a measure of 
episodic memory (Brand and Jolles; 1985). For the WLT, ‘Immediate recall’ was based on the 
total number of items reproduced correctly after three consecutive trials; ‘Delayed recall’ 
was assessed after a 20-minute delay. 

2.3 demographical, functional, and clinical assessments 
In the GROUP project, current clinical diagnoses were obtained using either the Schedules 
for Clinical Assessment in Neuropsychiatry (SCAN), or the Comprehensive Assessment 



67

5

COGNITIVE SUBTYPES IN UNAFFECTED SIBLINGS | 

for Symptoms and History (CASH) (Andreasen et al., 1992; Wing et al., 1990). Educati onal 
degree was evaluated according to the methods of Verhage (Verhage, 1964). The percentage 
of subjects having had special educati on was also recorded. For functi onal outcome, the 
Sociodemographic Schedule and CASH were used to evaluate residenti al independence, 
fi nancial responsibility, and enjoyment of social benefi t. Overall level of premorbid 
functi oning was evaluated using the Premorbid Adjustment Scale (PAS) (Cannon-Spoor 
et al., 1982). Lifeti me frequency of subclinical psychoti c symptoms was measured using 
the Community Assessment of Psychic Experiences (CAPE) (Brenner et al., 2007). Positi ve 
and negati ve symptoms of schizotypy were evaluated using the Structured Inventory for 
Schizotypy – Revised (SIS-R) (Vollema and Ormel, 2000). For pati ents, the current symptom 
severity was measured with the 30-item Positi ve And Negati ve Syndrome Scale (Kay et al., 
1987). Each item is scored on a scale ranging from 1 (absent) to 7 (extreme), incorporati ng 
their behavioral eff ect as well as their severity. For this study, we used severity of positi ve, 
negati ve and disorganizati on symptoms from the 5-factor structure (Lançon et al., 2000). 
Remission was evaluated cross-secti onally, using the PANSS remission items (Andreasen et 
al., 2005). Other clinical variables for pati ents were number of psychoti c episodes, age at 
onset of psychosis, dosage of anti psychoti c medicati on, and the Social and Occupati onal 
Functi oning Assessment Scale (SOFAS).

2.4 Stati sti cal Analysis

2.4.1 Descripti ves
The main characteristi cs for the controls, siblings and pati ents sati sfying the inclusion and 
exclusion criteria were compared on all variables. Linear mixed models were applied on all 
numerical variables to test for similarity between the three groups, with family representi ng 
the random eff ect. The method of maximum likelihood was used to esti mate the model 
parameters. For gender and diagnosis, Pearson’s chi-square stati sti cs was used to test 
diff erences between groups. For ethnicity, the same test was used but based on the family. 
For special educati on and functi onal outcome, a logit model was applied with Generalized 
Esti mati ng Equati ons (GEE), using an exchangeable working matrix to control for possible 
correlati on between family members. The Wald chi-square stati sti cs was used for testi ng 
diff erences between groups. If these were signifi cant, contrast statements were executed to 
investi gate the pair-wise diff erences between groups. 

2.4.2 Normalizati on of cogniti ve scores
The cogniti on measures were standardized as follows: for the control group a linear 
regression analysis per cogniti on variable was performed to establish a linear relati onship 
between the cogniti on measures and age, separately for males and females. Based on 
this model, a predicted score for each subject was determined and subtracted from the 
observed score to obtain an age- and gender-corrected diff erence score. This score was 
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divided by the standard deviation from the control sample to determine a z-score for each 
subject on each cognitive measure. 

2.4.3 Cognitive subtypes in siblings
Before cognitive subtypes were established in line with procedures for cluster analyses 
described by Everitt (2011), siblings were selected at random to exclude multiple siblings 
from the same family and to make ethnicity comparable between siblings and controls. 
Furthermore, Spearman rho’s correlation coefficients were determined between the 
cognitive measures in the selected sibling population to investigate if all the cognitive 
measures contributed information. 

For this study, we used hierarchical cluster analysis to evaluate the number of clusters 
and to select the initial starting values for the K-means clustering. The hierarchical clustering 
was based on the nearest neighbor principle. In a dendogram, the nearest observations are 
placed together as leaves in a tree structure and the stem of the dendogram indicates the 
size of the difference between clusters. From left to right, additional branches represent 
divisions within clusters. As mentioned in earlier schizophrenia studies (Cobia et al., 2011), 
large stems may help to identify the number of clusters visually. However, Everitt argues that 
this approach is still subjective (Everitt, 2011). Therefore, the objective approach of Duda 
and Hart (see Everitt, 2011) was applied to determine the significance of a division from one 
group into two groups in the dendogram starting from the right (one possibly homogeneous 
group of subjects), using the following formula:

with  J 21   the within sum of squares of the combined group,  J 22   the sum of the two within 
sum of squares of the two clusters, nm the number of subjects in the combined group, p 
and  the number of cognitive measures. The stopping rule was set at the level of a normal 
percentile (L(m) = 2.58, which responds to a (two-sided)-significance level of α = .01), leading 
to a number of clusters. 

For the K-means clustering, the Ward method was used, based on pair-wise and 
Euclidean distances. This clustering method aims to partition n observations into k clusters, 
in which each observation belongs to the cluster with the nearest mean. Instead of the 
means, the median scores from the hierarchical cluster analysis were used as centroids in 
a K-means cluster analysis. The subtypes for siblings that were obtained with the clustering 
strategy were evaluated by comparing demographical and clinical variables using analysis of 
variance (ANOVA) and the Pearson chi-square statistic.
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2.4.4 Proband subtypes based on siblings’ deduced cogniti ve subtype
Probands were compared based on the subtype of their unaff ected sibling. Diff erences and 
correlati ons between siblings and their probands were investi gated using paired t-tests 
and Spearman rho, respecti vely. Finally, diff erences in all observed variables between the 
subtypes deduced for the probands were investi gated using ANOVA and Pearson chi-square 
stati sti cs. 

All tests were two-sided at the signifi cance level of α=.05. In the case of multi ple 
testi ng, Bonferroni correcti ons were applied. Stati sti cal analyses were performed using 
SPSS 18.0. Eff ect sizes were used to evaluate the clinical magnitude of the standardized 
mean diff erences between the subject groups on cogniti ve performances (Cohen, 1988). 
They were considered small when z-score diff erences between the studied groups exceeded 
0.2. Diff erences ≥ 0.5 were considered moderate eff ect sizes, and diff erences ≥ 0.8 were 
considered large. 

3. RESUlTS 

3.1 descripti ves
Mixed models were used to compare the groups of subjects meeti ng the inclusion criteria 
(pati ents N=908, siblings N=915, and controls N=499). All main eff ects were found to be 
signifi cant (p<.001), except for diagnosis other than mood disorder. Pair-wise comparisons 
revealed that diff erences were signifi cant between pati ents and controls, except for the 
Informati on subtest. On a number of measures, siblings displayed poorer scores than 
controls. The data are presented in Supplementary Table S1. 

3.2 Cogniti ve subtypes in siblings 
Aft er randomly selecti ng one sibling per family and aligning ethnic diff erences between 
controls and siblings, we had data on 654 siblings for the cluster analyses. When we 
compared their cogniti ve performances with those of the original, full sibling group, the mean 
diff erences were negligible (with the largest diff erences being 1% for CPT performance). 
Correlati ons between cogniti ve performances of the 654 siblings were signifi cant for most 
variables (see Supplementary Table S2). 

Three subtypes were found using hierarchical cluster analysis for siblings (Supplementary 
Figure S1). The median values for each of these subtypes were used as starti ng points or 
centroids in the K-means analysis. Seventeen iterati ons were required for the K-means 
clustering to converge to a stable set of three clusters in the siblings. Subtype 1 consisted 
of 192 siblings (29%) and their z-scores for the cogniti ve measures were all in the normal 
range. This subtype was labeled ‘normal profi le’. Subtype 2 consisted of 228 siblings (35%). 
Their performances were more variable, with z-scores ranging from -0.8 (Immediate recall) 
to 0.4 (Block design). This subtype was labeled ‘mixed profi le’. Subtype 3 consisted of 234 
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siblings (36%) and z-scores ranged from -0.4 (CPT performance) to -1.3 (Information). As 
many of the z-scores fell in the impaired range, this subtype was labeled ‘impaired profile’. 

When the subtypes were compared, the mean values were found to be significant 
on all cognitive measures (p<.001). On CPT performance, CPT variance, Information, and 
Digit symbol, normal profile siblings had better scores than mixed profile siblings, who in 
turn had better scores, than impaired profile siblings. On Block design and Arithmetic, the 
performances of mixed profile siblings were better, but not significantly different from those 
of normal profile siblings. On Immediate and delayed recall, the performances of mixed 
profile siblings were poorer, but not significantly different from impaired profile siblings. 

Next, differences between cognitive subtypes were significant with regard to age, 
education, ethnicity, functional outcome, PAS overall score, and SIS-R positive symptoms. 
Siblings with an impaired profile were younger, less well educated, and they had poorer 
functional outcomes than those with a mixed or normal profile. Differences between normal 
profile and mixed profile siblings were significant only with respect to highest educational 
degree, and estimated IQ. No significant differences were found on the CAPE. The data are 
given in Table 1.

Table 1. Characteristics, main effects and pair-wise comparisons for the three unaffected sibling subtypes (N = 654)

Variable / group
Sibling subtype 
‘normal 
profile’ 

Sibling subtype 
‘mixed
 profile’ 

Sibling subtype 
‘impaired 
profile’ 

Overall group 
differences

Pair-wise 
group 
comparisons

n = 192 n = 228 n = 234

Age 28.7 (8.0) 27.4 (8.0) 26.5 (8.8) F=3.5, p=.029 1,2,3; 3<1
Gender, % male 55 43 41 χ=9.2, p=.010

Educationa

  Highest degree (Verhage)
  Special, %

5.9 (1.9)
2

5.3 (2.0)
3

4.0 (2.0)
11

F=49.6, p<.001
χ=22.7, p<.001

1,2,3; 3<2<1

Ethnicity, % Dutch 93 93 84 χ=13.3, p=.001

IQ, estimatedb 114 (13) 109 (11) 87 (7) F = 414.5, p<.001 1,2,3; 3<2<1

Functional outcome,
  Residential independence, % 69 72 59 χ=9.4, p=.009
  Financially responsible, % 75 74 59 χ=12.1, p=.002

  Social Benefit, % 2 3 7 χ=4.2, p=.122

PASc, overall score 1.0 (0.6) 1.0 (0.7) 1.3 (0.6) F=7.8, p<.001 2,1,3; 3<1

SIS-Rd

  Positive
  Negative

0.4 (0.4)
0.3 (0.3)

0.3 (0.4)
0.2 (0.2)

0.4 (0.5)
0.3 (0.3)

F=2.9, p=.054
F=1.7, p=.182

2,1,3; 3<2

Diagnostic
  Mood disorder, %
  Other disorder, %

9
1

11
2

11
1

χ=0.3, p=.842
χ=1.3, p=.517

aEducation (Verhage): range 0 (primary school not finished), 3-5 (school diploma) to 8 (university degree);  bIQ, 
estimated: Wechsler Adult Intelligence Scale III, short form; cPAS: Premorbid Adjustment Scale; dSIS-R: Structured 
Inventory for Schizotypy, revised. For the PAS and SIS-R, higher scores reflect poorer outcomes.
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3.3 Proband subtypes based on siblings’ deduced cogniti ve subtype
The cogniti ve subtypes in siblings were used for comparison with their proband. Diff erences 
on cogniti ve variables between normal profi le siblings and their probands were highly 
signifi cant on all variables (Figure 1a). On all measures, the siblings had bett er scores. 
Eff ect sizes were moderate to large, with the largest diff erences being observed for Digit 
Symbol, and Immediate and Delayed recall (eff ect size > 1.2). Diff erences on cogniti ve 
variables between mixed profi le siblings and their probands were signifi cant with respect 
to all variables (Figure 1b). Again, siblings had bett er scores on all measures. Eff ect sizes 
were small for Informati on and Immediate- and Delayed recall. For the other measures, the 
eff ect sizes were moderate to large. Diff erences on cogniti ve variables between impaired 
profi le siblings and their probands were signifi cant for all variables, except for Block Design 
and Arithmeti c. On Informati on, probands had bett er scores than their sibling. On the 
other variables with signifi cant eff ects, siblings had higher scores than their probands, 
but all eff ect sizes were in the small range (Figure 1c). Diff erences on cogniti ve variables 
between impaired profi le siblings and their probands were signifi cant with respect to CPT 
performance, CPT variance, Digit Symbol (all p<.001), and Immediate recall (Figure 1c). 
Correlati ons between the siblings and their probands were signifi cant for the overall groups 
on all cogniti ve variables. However, correlati ons did not clearly discriminate between the 
cogniti ve subtypes (Supplementary Table S3).

Figure 1a. Siblings with a normal cogniti ve profi le and their probands (*p < .05; **p < .01; ***p < .001) 
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Figure 1b. Siblings with a mixed cogniti ve profi le and their probands (*p < .05; **p < .01; ***p < .001) 
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Figure 1c. Siblings with an impaired cogniti ve profi le and their probands (*p < .05; **p < .01; ***p < .001)
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Furthermore, probands were compared on cogniti ve measures and other variables, based 
on the induced profi le from their unaff ected sibling. Diff erences between pati ents on the 
cogniti ve variables were highly signifi cant on all measures (p<.005). Pair-wise comparisons 
revealed that probands with siblings with an impaired profi le also performed less well on 
all measures. The diff erences between mixed and normal profi les were all non-signifi cant. 
On other demographical and clinical variables, diff erences were signifi cant for educati on, 
residenti al independence, symptomati c remission, age at illness onset, and dosage of anti -
psychoti c medicati on. The directi on of eff ects was similar, in that probands with siblings 
with an impaired profi le had worse scores than the other pati ents. The other two induced 
subtypes had similar scores. The data are shown in Table 2. 

Table 2. Characteristi cs, main eff ects and pair-wise comparisons for pati ents (N = 576), based on the sibling’s 
deduced profi le

Variable / group
Subtype 
‘normal 
profi le’ 

Subtype 
‘mixed 
profi le’

Subtype 
‘impaired 
profi le’ 

Overall group 
diff erences

Pair-wise 
comparisons

n = 184 n = 132 n = 164

Age 27.8 (7.2) 26.8 (6.9) 26.1 (7.5) F = 2.9, p = .056

Educati ona, 
    Highest degree (Verhage)
    Special, %

4.5 (1.8)
11

4.3 (2.0)
11

3.6 (2.0)
18

F = 12.5, p<.001
χ = 6.1, p = .047

1,2,3; 3<1

Gender, % male 79 77 78 χ = 0.2, p = .925

Ethnicity, % Dutch 93 91 82 χ = 14.9, p = .001

IQ, esti matedb 98 (15) 98 (15) 88 (14) F = 34.3, p<.001 2,1,3; 3<1 

Functi onal outcome,

   Residenti al independence, % 49 46 35 χ = 8.9, p = .012

    Financially responsible, % 57 54 46 χ = 4.9, p = .087

    Social Benefi t, % 52 53 53 χ = 0.8, p = .960

    SOFASc 55.6 (15.3) 56.0 (16.9) 53.2 (16.1) F = 1.9, p = .149

PASd, overall score 2.0 (0.9) 2.0 (0.9) 2.1 (0.9) F = 1.4, p = .246

Psychosis,
    Episodes, N
    Age at onset

1.8 (1.2)
23.1 (6.7)

1.8 (1.1)
21.7 (6.6)

1.8 (1.2)
21.3 (6.8)

F = 0.1, p = .933
F = 3.8, p = .024 1,2,3; 3<1

Anti psychoti cs, Haldol equiv. 6.6 (4.5) 7.5 (4.7) 8.2 (5.9) F = 3.3, p = .038 1,2,3;3<1

PANSSe,
    Positi ve
    Negati ve
    Disorganizati on
    Remission, %

13.8 (6.5)
14.9 (6.2)
16.1 (5.4)
50

15.0 (6.6)
15.6 (6.9)
17.1 (6.1)
44

13.3 (6.5)
14.9 (6.4)
16.5 (6.4)
38

F = 2.5, p = .080
F = 0.5, p = .611
F = 1.2, p = .315
χ = 6.3, p = .042

aEducati on (Verhage): range 0 (primary school not fi nished), 3-5 (school diploma) to 8 (university degree); bIQ, 
esti mated: Wechsler Adult Intelligence Scale III, short form; cSocial And Occupati onal Functi oning Assessment 
Scale; dPAS: Premorbid Adjustment Scale; ePANSS: Positi ve And Negati ve Syndrome Scale. For the PAS and PANSS, 
higher scores refl ect poorer outcomes.
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A summary of all the study findings has been provided in Supplementary Table S4.

4. dISCUSSION

We investigated cognitive subtypes in unaffected siblings of schizophrenia patients, their 
characteristics, and the relationship with their probands’ cognitive impairments and clinical 
characteristics. In line with earlier studies (Braff et al., 2007), we demonstrated that siblings 
could be distinguished as an intermediate group between controls and patients. However, 
using cluster analysis, we found evidence of three cognitive subtypes in siblings: one subtype 
quite similar to the controls, one subtype with mixed performance, and one subtype 
impaired on almost all cognitive measures and resembling their proband. To the best of 
our knowledge, this is the first study demonstrating cognitive heterogeneity in siblings of 
schizophrenia patients that can reliably be clustered into three groups. 

The subtype categories were roughly equal in sample size and were labeled ‘normal’, 
‘mixed’, and ‘impaired’. The results show that sibling subtypes not only differ with respect to 
level of performance (e.g. normal vs impaired), but also in their pattern. The mixed profile 
siblings showed poorer performances for Episodic memory and Digit symbol and better 
performance for Block design. This may mirror patterns in patients with schizophrenia who 
have been shown to display more severe impairments for Digit symbol and measures of 
Episodic memory, against a background of less severe impairments (Palmer et al., 2009; 
Dickinson, 2008). Siblings in the impaired group had the poorest cognitive profile, and 
the most unfavorable scores for demographic and clinical characteristics (Table 2 and 
Supplementary Table S4). This increased expression of cognitive endophenotypes in certain 
subtypes may be of relevance for genetic and imaging studies. Such studies may wish to take 
into account the different subtypes, or limit their analysis to one subtype (e.g. the impaired 
subtype) which may be most relevant to schizophrenia. 

Not all profiles of sibling subtypes showed similarities with the profile of their proband. 
Siblings with a normal profile and their probands differed most (Figure 1a). Large effect 
sizes were found for Digit symbol and measures of Episodic memory. Probands with normal 
profile siblings performed within the normal range, when using a difference of 1 standard 
deviation with the control group as a cut-off point. Still, it can be argued that these probands 
have a certain cognitive decrement, given the large differences with their unaffected family 
member. This is in line with the notion by Keefe et al. that nearly all patients with schizophrenia 
or related disorders show cognitive decrement (Keefe et al., 2005). The profiles of the mixed 
profile siblings and their probands were more closely related (Figure 1b), while for impaired 
profile siblings and their probands, the differences were even smaller (Figure 1c). These 
findings suggest that there is an increasing overlap between siblings and their probands 
from normal profile to impaired profile. Thus, the poorer the profile of the sibling, the more 
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it corresponds to that of the aff ected family member. In contrast, siblings with a normal 
profi le were more similar to controls. This observati on raises the questi on whether siblings 
should truly be viewed as an intermediate group between pati ents and controls. Future 
studies should be able to investi gate the underlying environmental and geneti c factors 
which can explain why siblings of schizophrenia pati ents fi t into certain cogniti ve subtypes. 

A number of studies have found cogniti ve subtypes in pati ents with specifi c impairment 
profi les (Joyce and Roiser, 2007). In this study, using the sibling subtype to characterize their 
proband resulted in only two disti nguishable pati ent groups. Probands with normal and 
mixed profi le siblings were roughly similar with respect to their cogniti ve performances. 
However, probands with impaired siblings did show a diff erent profi le from those with 
siblings of normal and mixed subtypes. These diff erences were not only found with respect 
to cogniti on, but also in demographic and clinical characteristi cs (Table 2 and Supplementary 
Table S4). Probands with impaired siblings were less likely to be in remission, became ill at 
a younger age, and were prescribed higher dosages of medicati on although the severity of 
their clinical symptoms was similar to that of the other pati ents. This may refl ect a poorer 
course of the illness. Indeed, earlier studies in schizophrenia pati ents have shown cogniti ve 
impairment to be predicti ve for the course of the illness (Dickerson et al., 1999). So far, no 
studies have shown a relati onship between certain cogniti ve subtypes of siblings and the 
course of illness in their proband. We do not know whether our fi nding can be explained by 
similariti es in geneti c loading between aff ected and unaff ected siblings. In additi on, there 
may be diff erences in their geneti c profi les. We speculate that, compared to normal and 
mixed profi le siblings, the siblings with cogniti ve impairment have inherited a larger number 
of geneti c variants associated with schizophrenia. Further studies are needed to test these 
hypotheses.

Using cogniti ve subtypes in siblings may also provide insight into those subjects at higher 
risk for psychosis. Siblings with an impaired profi le were more oft en from an ethnic minority, 
and they had poorer levels of premorbid adjustment. Their probands not only had a similar 
cogniti ve profi le, they were also more severely ill. We do not know why these siblings 
had not developed a psychosis in the past, although several factors may be responsible. 
First, psychosis is likely to be triggered by a combinati on of risk factors, of which cogniti ve 
impairment is but one. Indeed, impaired siblings also showed higher scores on positi ve 
schizotypal symptoms. There may also be protecti ve factors preventi ng the siblings from 
making the transiti on to psychosis. The majority of these siblings (> 60%) were female. 
Estrogen in females has been hypothesized to have a protecti ve and anti psychoti c-like eff ect 
in women at risk for a future psychosis (Riecher-Rössler, 2002). Since levels of estrogen drop 
in women aft er age of 40, late-onset psychosis is more likely for females (Vahia et al., 2010). 
Future studies are needed to determine whether cogniti vely impaired siblings are indeed 
more prone to developing psychosis.
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The strengths of our study include the large sample size of siblings (and patients), the 
inclusion of a control group, the assessment of a comprehensive battery, and the methods 
used to assess the number of clusters. There have been no earlier schizophrenia studies 
that have used a method such as described by Duda and Hart, to evaluate the number of 
clusters objectively (Duda et al., 1973). In addition, the cognitive performances in siblings 
were corrected for age and gender, and populations were matched on ethnicity. This makes 
it less likely that the study findings were biased by demographical variables. 

A number of limitations should also be mentioned. First, there is the selection of siblings. 
In the case of multiple siblings participating in the study, only one of them was included in 
the cluster analysis. This resulted in the exclusion of a number of participants. However, we 
decided the use of independent subjects would be the best strategy here. Since family 
members have cognitive similarities, including multiple siblings from one family would 
likely have an effect on the clustering results, with some observations being more strongly 
weighted than others. Second, educational degree was not used to normalize the cognitive 
scores. Parental educational degree may be a good proxy to evaluate how far the expected 
level of cognitive performance differs from the level of observed performance. Third, the 
cognitive battery was comprehensive, but not complete. It did not include a measure of 
verbal fluency. In addition, two other measures of (neuro)cognition assessed in the GROUP 
study were not included in the current study: the Response Set-shifting Task, and the 
Benton Facial Recognition Task. When we added these measures in a clustering analysis 
retrospectively, these did not show to explain additional variance. Therefore, we suggest 
that the measures that we did include in our cluster analysis were of most significance. 

In conclusion, our results revealed that siblings of schizophrenia are cognitively 
heterogeneous, and that dividing siblings into three, more homogeneous, subtypes may 
well have scientific and clinical relevance. Cognitive profiles between siblings and their 
probands tended to be more congruent if the sibling has a relatively poor cognitive profile. 
This increased expression of endophenotypes in certain subtypes may be of importance for 
genetic and imaging studies, the development of pharmacological drugs, and possibly for 
predicting which siblings are at risk of psychosis. 
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SUPPlEMENTARy dATA

Supplementary Table S1. Comparison of characteristi cs for controls, siblings and pati ents*

Group Main eff ects

Variable / group Controls
(N = 499)

Siblings 
(N = 915)

Pati ents
(N = 908)

All groups
F

Age
Gender, % male
Educati ona,
    Highest degree (Verhage)
    Special, %
Ethnicity, % Dutch
IQ, esti matedb

Functi onal outcome,
    Residenti al independence, %
    Financially responsible, %
    Social benefi t, %
PASc, Overall score
SIS-Rd

    Positi ve
    Negati ve
CAPEe

    Positi ve 
    Negati ve
    Depression
Diagnosti c
    % Psychosis
    % Mood
    % Other
Cogniti ve Performance
    CPT performancef

    CPT variance (ms)g

    Block Designh

    Digit Symboli 
    Arithmeti cj  
    Informati onk

    Immediate recalll

    Delayed recallm

29 (10)*

48*

5.4 (1.8)
3

91
107

67
72

2
1.1 (0.6)

0.3
0.2

0.2 (0.2)
0.5 (0.3)
0.6 (0.3)

-
7
1

246 (55)
73 (28)
47 (14)
84 (14)

15 (4.0)
19 (4.7)
29 (5.3)
10 (2.7)

28 (8)
45

5.1 (2.1)
6

82
104

67
72

6
1.1 (0.7)

0.4
0.3

0.2 (0.2)
0.6 (0.4)
0.6 (0.4)

 
   -
11

1

244 (58)
76 (28)
45 (15)
79 (15)

14 (4.5)
17 (5.3)
27 (5.7)

9 (2.6)

27 (7)
77

4.0 (2.1)
13

-
97

44
53
53

2.0 (0.9)

-
-

0.7 (0.5)
1.0 (0.5)
1.0 (0.6)

100
-
-

221 (62)
92 (36)
41 (17)
65 (16)

12 (4.8)
17 (5.5)
23 (6.1)

8 (2.9)

14*I

χ  = 222*II

104*I

χ  = 65*I

χ  = 21*

175*I

χ  = 134*II

χ  = 89*II

χ  = 435
361*II

47
35

477*II

346*I

189*II

-
χ  = 6

χ  = .4

45*II

93*II

36*I

340*I

89*I

28*III

198*I

157*I

*Table presents  means (SD) or numbers (in %); aEducati on (Verhage): range 0 (no educati on), 3-5 (school diploma) 
to 8 (university degree);  bIQ: Wechsler Adult Intelligence Scale-III (WAIS-III),  short form; cPAS: Premorbid 
Adjustment Scale; dSIS-R: Structured Inventory for Schizotypy – Revised; eCAPE: Community Assessment for 
Psychic Experiences; fCPT performance: Conti nuous Performance  Test HQ, performance index, gCPT variance 
(ms): CPT-HQ variance in reacti on ti me (ms); hBlock Design: WAIS-III Block Design; iDigit Symbol: WAIS-III Digit 
Symbol Substi tuti on Test; jArithmeti c: WAIS-III Arithmeti c; kInformati on: WAIS-III Informati on; lImmediate recall: 
Word Learning Task (WLT) immediate recall; mDelayed recall: WLT Delayed recall. For the PAS, higher scores refl ect 
poorer  premorbid adjustment. *I Main eff ect signifi cant, and pair-wise comparison between controls, siblings, and 
pati ents signifi cant, *II Main eff ect signifi cant, and pair-wise comparison between controls vs pati ents, and between 
siblings vs pati ents signifi cant, *III Main eff ect signifi cant, and pair-wise comparison between controls vs siblings, 
and controls vs pati ents signifi cant. 
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Supplementary Table S2. Correlations between cognitive measures (β) for the unaffected siblings (n = 654).

Cognitive Variable

Cognitive Variable CPT 
performance

CPT 
variance

block 
design 

digit 
Symbol

Arith-
metic Information Immediate 

Recall
delayed 
Recall

CPT performance - .44** 0.03 0.17** 0.06 0.07 0.12** 0.09*

CPT variance - 0.13** 0.24** 0.13** 0.08* 0.17** 0.16**

Block Design - 0.36** 0.49** 0.41** 0.19** 0.21**

Digit Symbol - 0.36** 0.34** 0.29** 0.27**

Arithmetic - 0.60** 0.27** 0.24**

Information - 0.31** 0.29**

Immediate Recall - 0.77**

Delayed Recall -

*Correlation significant at the α < 0.05 level; **Correlation significant at the α < 0.01 level

Supplementary Table S3. Correlations between unaffected siblings and their probands (β), by the sibling’s deduced 
cognitive subtype

Cognitive Variable

Cognitive 
Subtypes

CPT 
performance

CPT 
variance

block 
design

digit 
Symbol Arithmetic Information Immediate 

Recall
delayed 
Recall

Normal profile 
(na = 192)

0.17* 0.12 0.28** 0.27** 0.22** 0.44** 0.12 0.13

Mixed profile
 (n = 228)

0.14* 0.12 0.22** 0.10 0.15* 0.39** 0.13 0.02

Impaired Profile 
(n = 234) 

-0.08 0.11 0.25** 0.18** 0.08 0.34** 0.13 0.24**

Overall (n = 654) 0.13* 0.16** 0.35** 0.25** 0.30** 0.47** 0.17** 0.18**

an = Number of sibling pairs; *Correlation significant at the α < 0.05 level; **Correlation significant at the α < 0.01 
level

Supplementary Table S4. Comparisons of clinical, functional, and cognitive differences among sibling’s profiles

Siblings Probands Siblings versus
Probands

Cognitive profile Clinicala Functionalb Clinical Functional Effect Sizec

Normal + + +- +- L

Mixed + + +- +- M

Impaired +- +- - - S

aClinical measures: Structured Interview for Schizotypy – Revised (SIS-R); Positive And Negative Syndrome Scale 
(PANSS); bFunctional: Sociodemographical Schedule, Comprehensive Assessment of Symptoms History (CASH); 
cEffect size: Effect size of the cognitive differences between siblings and their proband. 
Abbreviations: + = Good; +- = Reasonable; - = Poor; S = Small (0.2-0.5); M = Moderate (0.5-0.8); L = Large (>0.8).
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Supplementary Figure S1. Dendogram displaying the number of cogniti ve subtypes i n unaff ected 
siblings.

n=number of subjects; L= observed value to determine the signifi cance of a division from one group into two 
groups in the dendogram, starti ng from the right. The stopping rule was set at the level of a normal percenti le (L(m) 
= 2.58, which responds to a (two-sided)-signifi cance 
level of α = .01).
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AbSTRACT

Introduction Distinct profiles of premorbid adjustment in psychotic disorders may be 
indicative for later disease heterogeneity. Different methodologies have been employed to 
assess these profiles in patients, and it is not known how these profiles are expressed in 
unaffected relatives. The current study explored premorbid profiles, their characteristics, 
and the role of familial factors. Methods Six hundred sixty-six patients with psychosis, 
673 siblings, 575 parents, and 585 controls were included in this study. Cluster analyses 
were performed on the patients’ scores of the Premorbid Adjustment Scale (PAS), using 
information on domains (social, academic) and age epochs (childhood, early adolescence, 
late adolescence). Resulting profiles were compared to clinical, functional, and cognitive 
characteristics in patients, and their unaffected relatives. Results Six clusters, labelled 
‘normal’, ‘social intermediate’, ‘academic decline’, ‘overall decline’, ‘overall intermediate’, 
and ‘overall impaired’ adjustment, were identified in patients. Patients with a normal or 
social intermediate profile had better outcomes and cognitive function, but differed from 
one another with respect to residential independence. Patients with an overall intermediate 
or overall impaired profile were more likely to have received special education, with 
symptomatic remission being less likely in the latter. Patients with academic decline or 
overall decline were more often male, and the former more often had a lifetime cannabis 
disorder. PAS scores of normal profile patients more closely resembled their discordant 
siblings, whereas siblings from patients with other profiles had elevated subclinical 
symptoms. discussion Heterogeneity in the patient population can be explained in part by 
the premorbid adjustment profile prior to disease onset. This is in line with theories that 
propose different etiologies towards the development of psychosis. Patient profiles were 
expressed in unaffected relatives, suggesting a role for familial factors. 



83

6

PREMORBID ADJUSTMENT PROFILES  | 

1. INTROdUCTION

Schizophrenia is a complex, heterogeneous psychiatric disorder, infl uenced by an interplay 
of geneti c and environmental factors (van Os et al., 2008). Several characteristi cs or traits 
of the disorder (e.g. cogniti ve alterati ons, negati ve symptoms), albeit in att enuated form, 
have also been reported in unaff ected fi rst-degree relati ves of pati ents, suggesti ng a familial 
aggregati on (Chen et al., 2009). The understanding of the disorder has been complicated by 
the heterogeneity of the disease, which is present at the level of disease onset, cogniti ve 
functi oning, course, and prognosis (Tandon et al., 2009). A substanti al porti on of pati ents 
already display a decline in social, cogniti ve (and motor) functi oning prior  to psychosis 
onset (Gornick et al., 2005; Gold and Weinberger, 1995), though the outburst of the disease 
can also be insidious (Larsen et al., 2004; Cole et al., 2012). These diff erences in functi oning 
prior to the disease onset may contribute to the heterogeneity of schizophrenia. 

Over the past decades, retrospecti ve measures have been developed to assess the level 
and course of functi oning prior to psychosis onset, of which the Premorbid Adjustment 
Scale (PAS) is used most frequently (Cannon-Spoor et al., 1982; MacBeth and Gumley, 
2008). The PAS is a questi onnaire assessing academic and social adjustment during diff erent 
age categories, from childhood to early adulthood. The relati onship of the PAS with clinical 
symptoms, cogniti ve functi on and functi onal outcome aft er disease onset has been well 
established (Rund et al., 2007; Silverstein et al., 2002). 

To classify premorbid adjustment, two studies have investi gated patt erns of pre-onset 
course using stati sti cal analyses (Larsen et al., 2004; Cole et al., 2012). Larsen et al. (2004) 
used cluster analysis to study profi les of academic and social adjustment, separately. Some of 
their profi les (called “neurodevelopmental”) were characterized by maladjustment already 
present during childhood. Other profi les (called “neuroregressive”) showed a deteriorati ve 
course over ti me. A more recent study by Cole et al. (2012) used a diff erent analysis: latent 
class growth. Three profi les were found: “poor-deteriorati ng”, “insidious-onset”, and “good-
stable”. However, viewing the results from  the study, one may suggest that these profi les 
describe levels of disease severity, rather than diff erent courses. Furthermore, the authors 
could not validate the profi les by relati ng them to other characteristi cs of the pati ent. 

In order to further exploit the concept of premorbid adjustment (MacBeth et al., 2008), 
more insight may be gained by exploring the diff erent combinati ons of profi les in one analysis, 
using informati on on domains (academic, social), as well as age epoch (childhood, early 
adolescence, late adolescence). To prove their validity, these profi les should subsequently 
be diff erenti ated based on other characteristi cs. 

Another questi on that remains unanswered is whether profi les of premorbid adjustment 
are expressed in unaff ected relati ves, which would indicate familial aggregati on. Some 
studies have found that childhood and adolescent adjustment in unaff ected siblings deviates 
from healthy controls (Shapiro et al., 2009; de la Serna et al., 2011). These results suggest a 
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genotype-environment interplay, as unaffected relatives and their probands (patients) share 
a substantial portion of genetic and environmental factors. Familial aggregation may thus 
be confirmed when comparing subclinical expressions of psychosis between unaffected 
relatives, based on their probands’ premorbid profile. 

The current study explored premorbid profiles on the basis of information on domains 
and course of adjustment prior to disease onset. Based on earlier studies, we expected to 
find patient profiles to differentially relate to clinical characteristics in the patient and their 
unaffected siblings and parents.  

2. METhOdS

2.1 Participants
There were 1,120 patients (probands), 1,057 non-affected siblings, 919 parents, and 590 
unrelated healthy controls who participated in the Genetic Risk and Outcome of Psychosis 
(GROUP) study. The study objectives, sample characteristics, assessments, and recruitment 
methods have been described elsewhere (Korver et al., 2012). Patients were included if they 
fulfilled criteria for non-affective psychotic disorder assessed with either the Schedules for 
Clinical Assessment in Neuropsychiatry (SCAN) (Wing et al., 1990), or the Comprehensive 
Assessment for Symptoms and History (CASH) (Andreasen et al., 1992).  Their siblings and 
parents were included if they had no history of psychotic disorder. Control subjects were 
included if neither they nor a first-degree relative had a history of psychotic disorder. All 
participants had to be fluent in Dutch. Additional inclusion criteria for the current study 
were that participants had complete data on the PAS until late adolescence (19 years). 
Therefore, patients younger than 19 years old, as well as those who had experienced illness 
onset prior to that age, were excluded from analyses together with their relatives. Final 
analyses were restricted to one patient per family and patients without missing data on the 
PAS scales (see Methods 2.3.2).

2.2 Assessments

2.2.1 Premorbid Adjustment Scale (PAS) 
The PAS (Cannon-Spoor et al., 1982) was designed to retrospectively evaluate the degree of 
achievement of developmental goals at each of several periods of a person’s life. The scor-
ing range of each item is 0-6, with 0 indicating the best level of functioning and 6 the worst. 
Inter-rater reliability and internal consistency has been found to be high (Small et al., 1984). 
Two distinctive domains have been found on the PAS: (i) social adjustment, referring to so-
cial behaviour, friendship, and social sexual-aspects, and (ii) school adjustment, referring to 
school performance and school adaptation (Allen et al., 2001). In addition, because different 
longitudinal courses have been reported (Larsen et al., 2004; Cole et al., 2012), social and 
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academic adjustment was separated for the following three age epochs: childhood (up to 
age 11), early adolescence (12 to 15) and late adolescence (16 to 18). Thereby, six variables 
were used for in cluster analysis (see Methods 2.3.2). All informati on was gathered retro-
specti vely from the parents. When parents were not available, informati on was gathered 
from the sibling.

2.2.2 Cogniti ve functi on
The cogniti ve batt ery used in the GROUP study has been described in more detail in an 
earlier study (Meijer et al., 2011). Briefl y, the following cogniti ve tasks were included: 
Conti nuous Performance Test – HQ (CPT), Response Set-shift ing Task (RST), Wechsler 
Adult Intelligence Scale – III (WAIS-III) short form (Blyler et al., 2000), Word Learning Task 
immediate recall (Brand and Jolles, 1985). Degraded Facial Aff ect Recogniti on task (DFAR), 
and the Hinti ng Task. The WAIS-III short form consisted of the subtests Block Design, Digit 
Symbol-Coding, Arithmeti c, and Informati on. For the CPT, two parameters were created: 
CPT variance and CPT performance. CPT variance, or intra-individual variability (Hilti  et al., 
2010), was evaluated using the standard deviati on score of the subject’s mean response 
ti me on the hit trials. For the RST, a measure of set-shift ing ability and working memory, an 
effi  ciency score on the reversal blocks was evaluated, during which the subject had to fi nd 
the alternated response rule. 

2.2.3 Demographical, functi onal, and clinical characteristi cs 
Past-week symptom severity in pati ents was measured with the 30-item Positi ve And Negati ve 
Syndrome Scale (PANSS) (Kay et al., 1987), that scored each item on a scale ranging from 1 
(absent) to 7 (extreme). For this study, the severity of positi ve, negati ve and disorganizati on 
symptoms from the 5-factor structure were uti lized (Lançon et al., 2000). Current remission 
was evaluated cross-secti onally, using the PANSS remission items (Andreasen et al., 2005). 
In siblings and parents, lifeti me frequency of subclinical psychoti c symptoms was measured 
by the Community Assessment of Psychic Experiences (CAPE) (Brenner et al., 2007). Positi ve 
and negati ve symptoms of schizotypy were evaluated using the Structured Inventory for 
Schizotypy – Revised (SIS-R) (Vollema and Ormel, 2000).  

The Social and Occupati onal Functi oning Assessment Scale (SOFAS) (Goldman et al., 
1992) was used to assess everyday functi oning in pati ents during the previous week. 
Pati ents were also assessed for number of psychoti c episodes, durati on of untreated 
psychosis in weeks, age at illness onset, dosage of anti psychoti c medicati on, independent 
living and fi nancial responsibility. Lifeti me diagnosis of cannabis (dependency, abuse, or 
abuse dependency) was evaluated using the Substance Abuse Module from the Composite 
Internati onal Diagnosti c Interview (CIDI) (World Health Organizati on, 1990). Educati onal 
degree was evaluated according to the methods of Verhage (1964). Also, the proporti on 
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of subjects who had received special education and/or had been held back at school was 
recorded.

2.3 Statistical Analysis

2.3.1 Descriptives
Controls, siblings, parents, and patients satisfying the inclusion criteria were compared on 
demographic, (sub)clinical and cognitive variables. Numerical variables were compared 
using linear mixed models, with family representing the random effect. The method of 
maximum likelihood was used to estimate the model parameters. Categorical variables were 
compared by means of Pearson’s chi-square statistics or Generalized Estimating Equations 
(GEE) followed by Wald Chi-square statistics. In case of significance, contrast-statements 
were executed to test pair-wise differences. 

2.3.2 PAS profiles  in patients
Prior to performing cluster analyses, inter-correlations between the six PAS scales were 
assessed by means of Spearmans rho’s correlation coefficients. Subsequently, for families 
with multiple patients participating in the study one patient was randomly selected for 
analyses. Cluster analyses were performed as described by Everitt (2011). Briefly, hierarchical 
cluster analysis was used to evaluate the number of clusters and to select the initial starting 
values for the K-means clustering. The ‘stopping rule’ in selecting the number of clusters 
going through the cluster tree was set at the level of a normal percentile L(m) = 2.64 for the 
Duda and Hart index (see Everitt, 2011). This corresponds to a two-sided-significance level 
of α = .01, to correct for multiple testing. For the K-means clustering, the Ward method 
was used, based on pair-wise and Euclidean distances. Instead of the means, the median 
scores from the hierarchical cluster analysis were used as centroids in the K-means cluster 
analysis. The profiles of patients obtained with the clustering strategy were evaluated by 
comparing demographical, clinical, and cognitive characteristics by means of analysis of 
variance (ANOVA) and the Pearson chi-square statistic. Cognitive scores were age and sex 
normalized and transformed into z-scores as described in a previous study, using linear 
regression (Quee et al., unpublished data; see Chapter 5). 

2.3.3 Comparisons in unaffected siblings and parents based on PAS profiles in patients 
Differences between unaffected siblings based on the PAS profile of their proband were 
evaluated by means of ANOVA and chi-square tests. Differences were also assessed for 
demographical variables, (sub)clinical characteristics, education, and cognitive function. In 
a similar way differences were analyzed between the parents, with the exception of the PAS 
scores. If multiple unaffected siblings within a family participated in the study, mean scores 
were created based on scores of all the siblings within the particular family. Likewise, if both 
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data from the father and the mother were available, a mean score was created for both 
theparents. Scaled scores that consisted of more than 30% missing values were not included 
in the analyses. All tests were two-sided at a signifi cance level of α = .01, thereby correcti ng 
for multi ple testi ng to some extent. Stati sti cal analyses were performed using SPSS 18.0.  

Figure 1. Premorbid adjustment profi les for the six PAS pati ent clusters 
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3. RESUlTS

3.1 descripti ves
A total of 666 pati ents, 673 siblings, 575 parents and 585 controls who fulfi lled inclusion 
criteria were compared for demographic, (sub)clinical and cogniti ve variables. Mean or 
proporti on of age, gender, educati on, ethnicity, esti mated IQ, and all PAS scales diff ered 
signifi cantly across the studied groups. Pair-wise comparisons revealed signifi cantly poorer 
PAS scores in pati ents compared to siblings and controls. PAS scores in siblings were not 
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significantly different from controls for any of the three age epochs (Supplementary Table 
S1).

3.2 PAS profiles in patients 
After randomly selecting one patient per family, and restricting the data to those without 
missing data on the PAS, 611 patients remained for the cluster analyses. Differences between 
PAS scores of this selected group and the original patient group were negligible (<1% for the 
PAS overall score). Correlations between PAS scales of the patients were significant for most 
of the variables (Supplementary Table S2). 

Six subtypes emerged from hierarchical cluster analysis in patients (Supplementary 
Figure S1.) The median values for each of these subtypes were used as starting points or 
centroids in the K-means analysis. Thirty iterations were required for the K-means clustering 
to converge to a stable set of six clusters in the patients (Figure 1). The clusters showed 
significant mean differences on the six PAS scales (p < .001). Three of them had stable scores 
across the three age epochs. The other three groups interchanged on the academic and 
social scales. The clusters showed significant effects on all PAS variables. 

The first cluster consisted of 167 patients (27%); scores on the PAS were all in the normal 
range, with mean scores ranging from 0.4 to 1.3. This subtype was labeled ‘normal’. A second 
cluster consisted of 74 patients (12%). Their scores were elevated for the social scales (range 
2.2 - 2.8). For the academic scales, however, they were identical to those of the normal 
cluster. This subtype was therefore labeled ‘social intermediate’. The third cluster consisted 
of 117 patients (19%), displaying academic problems that increased from childhood through 
adolescence (range 1.6 - 3.6). Scores on the social scales were identical to those of the 
normal cluster; this subtype was therefore labeled ‘academic decline’. Cluster four consisted 
of 58 patients (10%). These patients showed a decline on both the academic and the social 
domain (range 1.1 - 3.3). This subtype was therefore labeled ‘overall decline’. The fifth  
cluster consisted of 112 patients (18%), displaying scores intermediate (range 1.5 - 2.1) 
between the normal and the sixth cluster. This cluster was labeled ‘overall intermediate’. 
The sixth cluster consisted of 83 patients (14%), displaying poor scores on all the variables 
(range 2.5 - 3.4). This subtype we labeled ‘overall impaired’. 

Differences between patients were significant with respect to functional outcome, 
clinical characteristics, education, and cognitive function (Table 1). Patients with a normal 
PAS profile had received higher SOFAS ratings, as compared to patients with another 
profile, except for those with the social intermediate profile. In addition, they were most 
likely to be in symptomatic remission, as measured with the PANSS. Patients with the social 
intermediate profile were less likely to have been held back at school, and to have a lifetime 
cannabis diagnosis. As compared to patients with a normal profile, they were less likely to 
live independently. 



89

6

PREMORBID ADJUSTMENT PROFILES  | 

Ta
bl

e 
1.

 C
ha

ra
ct

er
isti

 c
s o

f t
he

 p
ati

 e
nt

s i
n 

th
e 

six
 P

AS
 p

ro
fi l

es

Va
ria

bl
e 

/ 
gr

ou
p

Cl
us

te
r 

‘N
or

m
al

’ 
(1

)

Cl
us

te
r  

‘S
oc

ia
l 

In
te

rm
ed

ia
te

’
(2

)

Cl
us

te
r ‘

Ac
ad

em
ic

 
de

cl
in

e’ (3
)

Cl
us

te
r

 ‘O
ve

ra
ll 

de
cl

in
e’ (4
)

Cl
us

te
r ‘

O
ve

ra
ll 

In
te

rm
ed

ia
te

’
(5

)

Cl
us

te
r  

‘O
ve

ra
ll 

Im
pa

ire
d’ (6

)

O
ve

ra
ll 

gr
ou

p 
di

ff e
re

nc
es

Pa
ir-

w
is

e 
co

m
-

pa
ris

on
s

n=
16

7
n=

74
n=

11
7

n=
58

n=
11

2
n=

83

Ag
e

30
 (7

)
30

 (8
)

28
 (6

)
27

 (5
)

31
 (8

)
31

 (6
)

F=
4.

2,
 p

=.
00

1
5,

6,
2,

1,
3,

4;
 1

<5

Ge
nd

er
, m

al
e 

%
Ed

uc
ati

 o
n,

  H
ig

he
st

 (V
er

ha
ge

)a

  S
pe

ci
al

, %
  S

ta
yi

ng
 b

ac
k,

 %

73

5.
3 

(1
.9

) 4 59

70

5.
4 

(1
.5

) 1 39

85

3.
6 

(2
.0

)
11 76

86

4.
0 

(2
.0

) 9 73

72

4.
5 

(2
.0

)
25 76

77

3.
9 

(2
.0

)
23 79

F=
11

.1
, p

=.
04

8

F=
15

.3
, p

<.
00

1
χ 

= 
19

.1
, p

<.
00

1
χ 

= 
34

.4
, p

<.
00

1

2,
1,

5,
4,

6,
3;

 4
<1

Et
hn

ic
ity

, D
ut

ch
 %

86
85

73
80

87
76

χ 
= 

13
.2

, p
=.

02
1

IQ
, e

sti
 m

at
ed

b
10

0 
(1

6)
10

6 
(1

5)
91

 (1
5)

93
 (1

5)
93

 (1
5)

91
 (1

6)
F=

13
.6

, p
<.

00
1

2,
1,

5,
4,

3,
6;

5<
1

Fu
nc

ti o
na

l o
ut

co
m

e,
 

  R
es

id
en

ti a
l i

nd
ep

.,%
  F

in
an

ci
al

 re
sp

., 
%

  S
oc

ia
l b

en
., 

%
  S

O
FA

Sc

61 76 49
61

 (1
6)

46 68 46
59

 (1
3)

49 52 57
54

 (1
8)

36 54 67
49

 (1
3)

54 60 64
53

 (1
4)

50 52 70
51

 (1
4)

χ 
= 

12
.4

, p
=.

03
0

χ 
= 

22
.5

, p
<.

00
1

χ 
= 

14
.8

, p
=.

01
1

F=
9.

3,
 p

<.
00

1
1,

2,
3,

5,
6,

3;
3<

1
Di

ag
no

sti
 c

, 
  %

 S
zd

  %
 C

an
na

bi
s,

 
lif

eti
 m

ee

Ps
yc

ho
sis

,
  E

pi
so

de
s,

 N
  A

ge
 a

t o
ns

et

77 34

2 
(1

)
25

 (6
)

75 24

2 
(1

)
26

 (7
)

83 59

2 
(1

)
24

 (5
)

86 45

2 
(1

)
23

 (5
)

86 35

2 
(1

)
26

 (7
)

86 41 2(
1)

25
 (5

)

χ 
= 

7.
5,

 p
=.

18
6

χ 
= 

29
.4

, p
<.

00
1

F=
0.

7,
 p

=.
63

1
F=

4.
7,

 p
<.

00
1

5,
2,

1,
6,

3,
4;

 3
<5

PA
N

SS
,f

  P
os

iti 
ve

  N
eg

ati
 v

e
  D

iso
rg

an
iza

ti o
n

  R
em

iss
io

n,
 %

12
 (6

)
13

 (5
)

15
 (5

)
63

12
 (5

)
15

 (7
)

15
 (5

)
52

14
 (6

)
14

 (7
)

17
 (7

)
47

14
 (6

)
16

 (7
)

18
 (7

)
44

13
 (6

)
14

 (6
)

16
 (5

)
43

15
 (6

)
17

 (7
)

18
 (7

)
32

F=
4.

1,
 p

=.
00

6
F=

5.
4,

 p
<.

00
1

F=
6.

1,
 p

<.
00

1
χ 

= 
25

.3
, p

<.
00

1

2,
1,

5,
4,

3,
6;

 6
<1

1,
5,

3,
2,

4,
6;

 4
<1

1,
2,

5,
3,

4,
6;

 4
<1

a Ed
uc

ati
 o

na
l d

eg
re

e;
 b In

te
lli

ge
nc

e 
Q

uo
ti e

nt
 (W

AI
S-

III
 S

ho
rt

 fo
rm

), 
c SO

FA
S=

So
ci

al
 a

nd
 O

cc
up

ati
 o

na
l F

un
cti

 o
ni

ng
 S

ca
le

; d Sz
=S

ch
izo

ph
re

ni
a 

di
ag

no
sis

; e Ca
nn

ab
is 

lif
eti

 m
e 

di
ag

no
sis

 o
f d

ep
en

de
nc

e 
an

d/
or

 a
bu

se
; f PA

N
SS

=P
os

iti 
ve

 A
nd

 N
eg

ati
 v

e 
Sy

nd
ro

m
e 

Sc
al

e.



90

| CHAPTER 6

Pati ents with academic decline were younger, were more oft en male, and were more likely to 
have had a lifeti me cannabis diagnosis. Pati ents with overall decline displayed similar eff ects, 
but they had less favorable outcomes. The overall intermediate profi le was associated with 
a higher prevalence of special educati on. This was also refl ected in the overall impaired 
profi le; this group also had the poorest functi onal outcomes, and they were least likely to 
be in symptomati c remission.  

Figure 2. Cogniti ve profi les for the six PAS pati ent clusters 
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With regard to intellectual functi oning, the pati ents with a normal or social intermediate 
profi le performed at higher levels when compared to pati ents with another premorbid 
profi le. When the cogniti ve tasks were analyzed, group diff erences were signifi cant for 
Response Set-shift ing, Block Design, Digit Symbol, Arithmeti c, Informati on, Delayed recall, 
and the Hinti ng Task (Figure 2). In general, pati ents with a social intermediate profi le 
performed these tasks bett er than pati ents with an overall impaired profi le. 
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3.3 Comparisons in unaffected siblings and parents based on PAS profiles in patients 
Overall, the PAS scores of the patients were associated with those of their unaffected siblings 
(Supplementary Table S3). When the PAS profiles were investigated, significant associations 
were most often found between normal profile patients and their siblings. For the patients 
with an overall decline, overall poor, or overall impaired profile, none of the PAS scores were 
associated with PAS scores of the sibling.

Depending on the PAS profile in patients, unaffected siblings showed significant 
differences on the PAS social scales (Table 2). Differences on the academic scales were 
non-significant. Pair-wise comparisons revealed that siblings of patients within the normal 
cluster had significantly better scores on the social scales, as compared to siblings whose 
probands had an academic decline or impaired overall profile. The siblings from probands 
with academic decline had higher scores of negative schizotypal symptoms, as measured 
with the SIS-R. This did not apply to siblings from patients with an overall impaired profile. 
However, siblings from overall poor patients had  higher subclinical negative symptoms. 
Differences on other variables were non-significant. 

When parents were compared based on the profile of their proband, there was a main 
effect of IQ (Table 3). Parents’ from probands with a social elevated profile had significantly 
higher IQ’s, as compared to those from parents having a proband with an academic decline 
profile. 

4. dISCUSSION

The present study explored premorbid adjustment profiles in patients with psychotic 
disorders. Resulting profiles were investigated on demographical, functional, clinical and 
cognitive characteristics, and their relationship with the profiles of unaffected relatives. In 
line with earlier studies, patients displayed adjustment problems from childhood through 
late adolescence on the PAS, relative to their unaffected siblings and unrelated controls. 
Moreover, using cluster analysis, six clusters in patients were identified: one cluster with 
normal pre-onset adjustment, one with poorer scores on the social domain, two clusters 
showing a pattern of decline, and two clusters showing poorer scores on all scales. The 
clusters were labelled ‘normal’, ‘social intermediate’, ‘academic decline’, ‘overall decline’, 
‘overall intermediate’, and ‘overall impaired’, respectively.

In line with earlier findings (Allen et al., 2005), the results showed a decline in adjustment, 
specifically in the academic domain, when analysing the patients as one group. However, 
using cluster analysis, it was found that two clusters in particular may be responsible for this: 
one with selective academic decline and one with overall decline, together representing 
29% of the sample. This indicates that a “neuroregressive” (or deteriorating) pathway may 
not be applicable to all patients. Indeed, patients with other profiles showed a ‘stable’ level 



93

6

PREMORBID ADJUSTMENT PROFILES  | 

of adjustment, with normal premorbid adjustment being most common (27%). 
The six profi les diff ered with respect to domain of maladjustment, and the course of 

adjustment over ti me. Two earlier studies have used stati sti cal analyses to identi fy profi les 
characterized by stability or declines in adjustment over ti me (Larsen et al., 2004; Cole 
et al., 2012). However, these studies did not investi gate the combinati on of profi les in 
academic and social adjustment. By jointly analysing these domains, together with the 
three age epochs, we were able to bett er discern premorbid profi les. Thus, the resulti ng 
pati ent profi les more dynamically characterize the evolvement of the social and academic 
functi oning of the pati ent prior to the disease onset. 

Pati ents with academic or overall decline showed a gradual worsening of functi oning 
aft er childhood. These pati ents were more likely to be male, and had an earlier age at 
onset. Of note, pati ents with an academic decline profi les showed more lifeti me cannabis 
disorders, and their siblings displayed more negati ve schizotypal symptoms. These profi les 
lend support to the neuroregressive pathway as suggested by Larsen et al. (2004). 

For pati ents with an overall intermediate or overall impaired profi le, adjustment 
problems emerged during childhood: they were more likely to have received special 
educati on, and to have been held  back at school. Pati ents with an overall impaired profi le 
were less likely to be in remission. Their siblings had higher rati ngs on the social domain of 
the PAS. Early overall maladjustment profi les may refl ect a neurodevelopmental pathway to 
psychosis, and geneti c and obstetric factors have been suggested to play a prominent role 
in this (Lewis and Murray, 1987). 

Finally, there were pati ents with a normal or social intermediate profi le. These pati ents 
had reached higher levels of educati on, and their clinical outcome was most favourable. 
Of these two clusters, the pati ents with a social intermediate profi le were less oft en living 
independently. The social intermediate profi le, with its normal academic functi oning, has 
not been described in earlier studies (Larsen et al., 2004; Cole et al., 2012). Interesti ngly, 
their siblings had more negati ve schizotypal symptoms. One can argue that the pati ents 
with this profi le, despite their social defi cits, functi oned normally at school. The normal and 
social intermediate profi les do not clearly refer to a neuroregressive or neurodevelopmental 
pathway. 

Previous studies have related premorbid functi on to single cogniti ve test performance. 
In the current study, we were able to relate the resulti ng premorbid profi les to a larger 
cogniti ve batt ery. The resulti ng cogniti ve profi les displayed a similar patt ern, but diff ered 
in their severity. Greatest impairments were obtained for Digit Symbol, and the least 
impairments were obtained for Block Design and Informati on. These fi ndings are in line with 
previous studies (Palmer et al., 2009). The current study shows that the profi le of premorbid 
adjustment is not refl ected in the patt ern of the cogniti ve profi le. Rather, psychosis seems 
to result in profi les with similariti es with respect to the structure of cogniti ve functi oning. 
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Patients with normal and social poor profiles had cognitive performances within normal 
limits. Therefore, it can be suggested that these patients will have a more favourable 
prognosis. Future studies should investigate the longitudinal course of these premorbid 
profiles in more detail.   

In unaffected siblings, adjustment from childhood to late adolescence was not 
significantly different from healthy controls. This is corroborated by some (Walshe et al., 
2007) and contradicted by other studies (Shapiro et al., 2009, de la Serna et al., 2011). 
Overall, the PAS scores of siblings were significantly related to those of their corresponding 
probands. The siblings of patients with a normal profile more closely resembled the scores 
of their proband, whereas siblings of patients with a different profile had poorer PAS scores 
and elevated subclinical symptoms. When we investigated differences between siblings 
from patients showing a profile other than normal, only small effects were found. This may 
indicate that the presence of premorbid maladjustment can be seen in the sibling, but that 
this effect is not as large as in the patient, and that this effect is irrespective of the patient 
profile. When parents were grouped by the proband profile, there were no clear differences 
between parents. We suggest that the presence of premorbid maladjustment is associated 
with familial liability, presumably the result of shared genetic and environmental factors of 
the sibling with the patient. 

The current study sheds new light on premorbid adjustment profiles in schizophrenia, 
demonstrating differential relationships with disease characteristics. These results are in 
line with a previous study that proposed different neuroregressive and neurodevelopmental 
pathways towards the onset of psychosis (Larsen et al., 2004). Additional findings are 
cannabis sensitivity and male sex in the “neuroregressive” profiles, and lower academic 
performance in the “neurodevelopmental” profiles. Patients with overall poor and overall 
impaired profiles of premorbid adjustment may reflect a neurodevelopmental pathway, 
with problems that reveal early in life. Although perinatal factors were not included in this 
study, we know that subjects with these profiles had received special education more often. 
Whether these patient profiles also concur with developmental disorders (e.g. autism, 
ADHD) remains to be elucidated, as these disorders are known to frequently predate the 
onset of psychosis (Owen et al., 2011). 

Strengths of the current study were the large sample size, a comprehensive assessment 
procedure, and the inclusion of first-degree relatives. An objective evaluation in the 
determination of clusters (Supplementary Figure S1) was used. Some limitations should also 
be considered. Assessment of premorbid adjustment was based on retrospective ratings. 
The PAS ratings may thereby have been subject to bias (Shapiro et al., 2009). The recently 
developed Premorbid Adjustment Scale – Structured Interview (PAS-SI) (Rabinowitz et 
al., 2007) was not available at the time of testing. However, the included sample did have 
reasonably reliable informants with the prerequisite for patients that at least one parent 
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could parti cipate. Second, the PAS rati ngs were restricted to three age epochs (<12, 12-15, 
and 16-18) and did not include a rati ng above age 19, which may limit the generalizability of 
our fi ndings. Third, the eff ect of the inclusion criteria on the results is not known. 

The results were not analyzed using latent class growth analysis as applied by Cole et al. 
(2012), which may also have been a suitable approach to analyze diff erent trajectories of 
changes in premorbid adjustment over ti me. However, latent trajectories are more useful 
when the number of ti me points is larger, which makes it possible to form more elaborate 
profi les. Furthermore, given the results of this study, it can be concluded that the stati sti cal 
models used here also allowed to detect diff erent patt erns refl ecti ng changes over ti me (e.g. 
overall decline).  

To conclude, the current study underscores the importance of studying premorbid 
functi oning in schizophrenia. Using an objecti ve criterion in the determinati on of 
clusters, six profi les were found, and these explained a substanti al part of the disease 
heterogeneity. The resulti ng profi les are in concordance with the so-called neuroregressive 
and neurodevelopmental pathways towards the fi rst psychoti c episode. The expression of 
these profi les in unaff ected siblings and parents suggests a role of familial factors. Future 
studies need to investi gate in more detail the underlying geneti c and environmental factors 
contributi ng to premorbid profi les.
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SUPPlEMENTARy dATA
Supplementary Table S1. Comparison of characteristics for controls, siblings, parents, and patients*

Group Main effects

Variable / group Controls
(N = 585)

Siblings
(N = 673)

Parents
(N = 575)

Patients
(N = 666)

All groups
F

Age 30 (7) 30 (8) 57 (7) 30 (7) 4773*III

Gender, % male 46 48 43 76 198*I

Education,
  Highest (Verhage)
  Special, %

5.4 (1.8)
2

5.3 (2.0)
6

5.0 (2.3)
-

4.5 (2.1)
13

31*IIII

χ =51*II

Ethnicity, Dutch % 92 - - 82 χ =23*I

IQ, estimateda

PAS,b

  Academic < 12
  Academic 12-16
  Academic 16-19
  Social <12
  Social 12-16
  Social 16-19
  Overall

110 (15)

1.0
1.4
1.3
1.0
1.1
0.7
1.0

103 (17)

1.2
1.5
1.4
0.9
1.0
0.7
1.1

103 (15)

-
-
-
-
-
-
-

95 (16)

1.4
2.0
2.3
1.4
1.7
1.7
1.9

84*I

27*I

57*I

142*I

38*II

79*I

183*I

256*I

*IMain effect significant, and Patient<Control,Sibling,Parent. *IIMain effect significant, and Patient<Sibling<Control. 
*IIIMain effect significant, and Parents<Control,Sibling,Patient. *IIIIMain effect significant, and Control, 
Sibling<Patient,Parent. *VMain effect significant, and Patient<Sibling,Parent<Control. aEstimated Intelligence 
Quotient, based on Wechsler Adult Intelligence Scale III – short form (Block Design, Digit Symbol, Arithmetic, 
Information); bPAS=Premorbid Adjustment Scale.

Supplementary Table S2. Correlations between PAS scales for the patients (N=611)

PAS scale

Academic 
< 12

Academic 
12-16

Academic 
16-19 Social < 12 Social 

12-16
Social 
16-19 Overall

Academic < 12 - 0.58** 0.35** 0.27** 0.19** 0.13* 0.46**

Academic 12-16 - 0.65** 0.11* 0.07 0.07 0.47**

Academic 16-19 - 0.06 0.06 0.14** 0.50**

Social < 12 - 0.71** 0.78** 0.65**

Social 12-16 - 0.79** 0.77**

Social 16-19 - 0.78**

Overall -

*Correlation significant at the α < 0.05 level; **Correlation significant at the α < 0.01 level

 



97

6

PREMORBID ADJUSTMENT PROFILES  | 

Supplementary Table S3. Correlati ons between pati ents and their unaff ected siblings (β), by the 
pati ents’ PAS profi le 

PAS scale

Academic 
< 12

Academic 
12-16

Academic 
16-19

Social 
< 12

Social 
12-16

Social 
16-19 Overall

PAS profi le
(1) Normal .296** .175* .041 .198* .167 .034 .089
(2) Social Intermediate
(3) Academic Decline
(4) Overall Decline
(5) Overall Intermediate
(6) Overall Impaired

Overall

.066

.229*

.065

.016

.116

.166**

.211
-.028
.193
.045
.160
.148**

.025

.140

.091

.041
-.039
.069

.000

.132

.063
-.070
-.079
.158**

.217

.191

.010

.057
-.080
.098*

.279*

.051

.100
-.046
-.149
.162**

.207

.078

.112

.078
-.103
.088

*Correlati on signifi cant at the α < 0.05 level; **Correlati on signifi cant at the α < 0.01 level
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Supplementary Figure S1. Dendogram displaying the number of PAS clusters for the patients with 
psychosis (N=611)

n=number of subjects; L= observed value to determine the significance of a division from one group into two 
groups in the dendogram, starting from the right. The stopping rule was set at the level of a normal percentile (L(m) 
= 2.64, which responds to a (two-sided)-significance level of α = .01
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AbSTRACT

Introduction Reduced insight has been reported in a majority of patients with a psychotic 
disorder. Most studies have focused on associations with neurocognition, neglecting relations 
with social cognition. Methods 270 schizophrenia patients participated in this study, which 
was part of the GROUP (Genetic Risk and Outcome of Psychosis)-project. Linear regression 
analyses were performed to investigate the predictive value of composite measures of 
neurocognition, social cognition and clinical symptoms. The moderating effect of phase of 
illness was also investigated. Insight was measured with a composite measure, based on 
the insight item on the Positive And Negative Syndrome Scale (PANSS) and the Birchwood 
Insight Scale (BIS). Results Insight on the BIS and the PANSS correlated significantly (r = .406). 
All independent variables correlated with the insight composite measure. The additional 
effect of social cognition and clinical symptoms were both significant. Phase of illness was 
a moderating variable: in patients with recent onset psychosis, none of the independent 
variables explained variance. In patients with multiple episode or chronic psychosis, 
both social cognition and clinical symptoms had additional effects and explained insight, 
along with neurocognition, together explaining 20 % of the variance. discussion These 
findings indicate that multiple factors are associated with insight in psychosis. Specifically, 
associations of insight with social cognitive and clinical symptom measures were observed, 
over and above a contribution of neurocognition. This supports theories that imply a role 
for deficient emotion recognition and mentalizing in reduced insight. Further studies need 
to investigate insight in recent onset psychosis into more detail.
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1. INTROdUCTION

Reduced insight (or unawareness of illness) has been reported in a majority of pati ents 
with a non-aff ecti ve psychoti c disorder (Amador and Gorman, 1998). Insight can be studied 
as a set of descripti ve beliefs and as a personal narrati ve (Roe and Kravets, 2003). Most 
studies investi gati ng the neurocogniti ve correlates of insight treat the concept as a set of 
descripti ve beliefs, mostly to formalize the concept of insight and thus enabling the subject 
for quanti tati ve research. Even though studying insight as a personal narrati ve is of great 
importance to understand the individual diff erences with regard to insight, this approach 
is of a highly subjecti ve nature, making it very hard to study the concept in a quanti tati ve 
manner. In the current study, consistent with previous studies that investi gated insight in 
psychosis and cogniti ve functi on, we focused on insight as a set of descripti ve beliefs for 
which three disti nct dimensions have been proposed: (1) the recogniti on that one has a 
mental illness, (2) the recogniti on of the need for treatment, and (3) the ability to re-label 
unusual mental events (delusions and hallucinati ons) as pathological (David, 1990). The 
concept of insight is clinically relevant, because poor insight is associated with psychosocial 
dysfuncti on and poorer treatment adherence, in additi on to an increase in the number of 
re-hospitalizati ons (Amador and David, 2004). Therefore, investi gati ng which factors are 
specifi cally related to poor insight is of crucial importance for understanding psychoti c 
disorders and for further development of treatment strategies.

Over the past decades, a considerable number of studies have investi gated the 
associati on between neurocogniti on and insight. A meta-analysis of these studies found 
that, although there was a signifi cant relati onship, the predicti ve value of neurocogniti on 
was rather modest (Aleman et al., 2006). Furthermore, in schizophrenia, all neurocogniti ve 
domains (i.e. reasoning and problem solving, verbal learning and memory) were found to 
predict reduced insight to a similar degree. Thus, employing a composite measure of several 
neurocogniti ve domains may be adequate and may enhance reliability (Keshavan et al., 2004). 
It is also possible that other neuropsychological aspects are associated with insight. Indeed, 
in recent years there is increasing interest in the concept of social cogniti ve impairments in 
psychosis. Social cogniti on has been referred to as “the ability to construct representati ons 
of the relati ons between oneself and others, and to use those representati ons fl exibly to 
guide social behaviour” (Adolphs, 2001). Studies of social cogniti on in psychosis have mainly 
focussed on emoti on percepti on and theory-of-mind processing (Pinkham et al., 2003). 
The combinati on of impaired social cogniti on and poor insight has been reported in other 
populati ons with brain abnormaliti es (Bach and David, 2006; Kipps and Hodges, 2006). In 
additi on, some studies have reported a relati onship between social cogniti on and insight 
in psychosis as well (Bora et al., 2007; Lysaker et al., 2005) whereas others have not (Drake 
and Lewis, 2003). When investi gati ng factors associated with insight, it should be taken 
into account that social cogniti on and neurocogniti on are parti ally overlapping concepts 
(Sergi et al., 2007). However, most of the studies to date have investi gated whether social 
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cognition or neurocognition is more related to insight, not whether one of these factors is of 
additional value in explaining insight.

A third group of factors that have been found to be related to insight are clinical 
symptoms (Mintz et al., 2003). Relationships with positive symptoms, negative symptoms 
and disorganization have been found (Mintz et al., 2003). Some researchers claim that 
symptoms have more predictive value on insight, as compared to neurocognition (Buchy 
et al., 2009; de Hert et al., 2009; Keshavan et al., 2004; Simon et al., 2009;) whereas others 
suggest that these factors may not be mutually exclusive (Osatuke et al., 2008). As with 
social cognition, no studies have been done to determine whether clinical symptoms really 
have additional predictive value. 

Insight is a complex and multi-dimensional concept, and may be related to 
neuropsychological aspects as well as severity of psychopathology. Thereby, insight may 
be influenced by so called ‘trait’ and ‘state’ features of psychosis, in which neurocognition 
has traditionally been associated with the former, and positive symptoms with the latter, 
whereas the influence of social cognition is not unequivocal (de Gracia Dominguez et al., 
2009; Koelkebeck et al., 2010; Pousa et al., 2008; Sprong et al., 2007). The phase of illness 
could be differentially related to various insight related factors. Tranulis et al. studied insight 
in patients in recent onset psychosis and found that self-report and interview based insight 
scales were not correlated with one another in this population, which was attributed to the 
nature of their relatively unstable and evolving period (Tranulis et al., 2008). 

The current study was part of the large-scale Genetic Risk and OUtcome of Psychosis 
(GROUP) study (Korver et al., 2012). Data were obtained from a sample of relatively young 
patients, including those with recent onset psychosis. A neuropsychological assessment was 
administered in line with the cognitive dimensions used in Measurement and Treatment 
Research to Improve Cognition in Schizophrenia (MATRICS) (Nuechterlein et al., 2004), 
including social cognition. Composite measures were created for insight, neurocognition, 
social cognition and clinical symptoms. The insight composite measure was based on an 
interview and a self-report questionnaire. It was expected that insight would be better 
explained by a model that included neurocognition as well as social cognition, as compared 
to a model that only encompassed neurocognition (Birchwood et al., 1994; Osatuke et al., 
2008). Similarly, clinical symptoms, social cognition, and neurocognition were expected 
to predict insight better, particularly when as compared to a model that included social 
cognition and neurocognition only.

2. METhOdS

2.1 Participants 
270 Patients with psychotic disorders were included in this study. This was a subsample 
of the patient population participating in the GROUP project. Two out of four centers 
participated in the insight project (Amsterdam and Utrecht). The GROUP project is a large-
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scale multi center study that investi gates the vulnerability and protecti ve factors for i) the 
development of a psychoti c disorder, and ii) the variati on in the course of illness. Diagnoses 
were confi rmed using the Comprehensive Assessment of Symptoms and History (Andreasen 
et al., 1992). The procedure of recruitment, criteria of inclusion and exclusion, informed 
consent, assessment instruments, approval by the accredited Medical Ethics Review 
Committ ee (METC), and populati on characteristi cs have been described in a previous report 
on the GROUP-study (Korver et al., 2012). 

Eligible pati ents had to fulfi ll the following criteria: (1) age: between 18 and 50 (extremes 
included), (2) meeti ng Diagnosti c and Stati sti cal Manual of Mental Disorders, Fourth Editi on 
(DSM-IV) criteria for a non-aff ecti ve psychoti c disorder (schizophrenia, schizophreniform 
disorder, schizoaff ecti ve disorder, delusional disorder, psychoti c disorder NOS) (3) fl uent in 
Dutch, (4) able and willing to give writt en informed consent, and (5) the willingness of at 
least one family member to parti cipate in the project.

Table 1 shows the demographic and clinical data for the pati ent group. Educati onal 
degree was adapted from Verhage (Verhage, 1964). Global Assessment of Functi oning 
(GAF) scores, adapted from the DSM-IV, were obtained to measure global symptoms and 
disability (American Psychiatric Associati on, 1994). Level of intelligence was esti mated with 
the WAIS III short form (Blyler et al., 2000; Sti nissen et al., 1970). Recent onset psychosis 
(ROP) was defi ned as follows: one psychoti c episode in the year prior to the assessment. The 
other pati ents had an illness durati on of longer than one year, or had experienced multi ple 
psychoti c episodes and were therefore characterized as having ‘multi ple episode or chronic 
psychosis’ (MECP).

2.2 Assessment of Insight
Insight was assessed by means of a semi-structured interview, the Positi ve And Negati ve 
Syndrome Scale (PANSS) (Kay et al., 1987), as well as a self-report scale, the Birchwood 
Insight Scale (BIS) (Birchwood et al., 1994). The PANSS provides a single item on insight 
(G12), based on the pati ent’s ability to describe and acknowledge symptoms and their 
psychiatric disorder, the ability to recognize the necessity of treatment, and the ability to 
describe future plans. Researchers were not always blind to the other outcome measures 
(e.g. cogniti ve task performance): it has been suggested that this did not infl uence their 
knowledge of the pati ents’ cogniti ve functi oning while judging insight. The BIS is a short 
questi onnaire that consists of eight questi ons addressing the three components of insight 
(Need for Treatment, Awareness of Illness and Relabeling of Symptoms). Each of these 
components is rated on a scale of zero to four: a higher score implies bett er insight. A 
composite measure was created, based on both the pati ents’ z-score on the BIS and PANSS, 
with the latt er being negati vely recoded. Higher scores on the composite measure indicated 
bett er insight. The procedure for translati on of all raw scores into z-scores is described under 
paragraph 2.6 (stati sti cal analysis). 
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Table 1. Demographical and clinical data

Patients (N=270)

Variable Mean Sd

Age (years) 27.7 6.5

Gender (N), male / female 222 / 48

Educational degree (score), Verhage 4.2 2.1

Ethnicity (N), Dutch / other / unknown 209 / 52 / 9

WAIS-III estimated IQ (short form)a 95.1 16.1

Duration of illness (years) 4.7 4.6

Psychotic episodes (number) 1.7 1.1

Age of Onset Psychosis (years) 22.5 6.2

Diagnostic (N), 
  Schizophrenia, paranoid type
  Schizo-affective disorder
  Psychotic Disorder NOS
  Schizophrenia, undifferentiated
  Schizophrenia, disorganized
  Other

143
39
25
16
13
21

Phase of illness (N)
  Recent Onset Psychosis
  Chronic or Multi Episode Psychosis
  Unknown

57
210
3

Hospitalizations (number) 2.2 2.1

Global Assessment of Functioning,
  Symptoms
  Disability

53.5
51.7

15.6
15.1

PANSS (score),b 
  Positive
  Negative
  General

1.9
2.2
1.8

0.8
0.9
0.5

Insight (score),
  Interview Based (G12)c

  Self Report (BIS)d

2.3
8.8

1.4
2.8

a WAIS-III: Wechsler Adult Intelligence Scale – III; bPANSS: Positive And Negative Syndrome Scale; cG12: PANSS Item 
G12 ‘Poor Judgment and Insight’; BIS: dBirchwood Insight Scale.

2.3 Neurocognition
All patients were assessed with a neurocognitive task battery containing the following 6 
tasks (intended neurocognitive domains of focus are placed between brackets): WAIS-III 
Digit Symbol (processing speed), CPT-HQ (attention/vigilance), Word Learning Task (verbal 
learning and memory) (Brand and Jolles, 1985), WAIS-III Arithmetic (working memory), 
WAIS-III Block Design (reasoning and problem solving), Response Set Shifting (set-shifting), 
WAIS-III Information (verbal comprehension), and educational degree (Verhage, 1964). 
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Z-scores were calculated for each domain, with d` indicati ng a fi nal score for att enti on/
vigilance (Davies, 1982). For verbal learning & memory, the fi nal z-score was based on the 
mean value of two disti nct z-scores: immediate recall and delayed recall. For set-shift ing, the 
z-score was based on the decrement in accuracy performance from an imitati on response 
conditi on to reversal response, using the RST, a modifi ed version of the Competi ng Programs 
Task (Bilder et al., 1992). Due to its high correlati ons with neurocogniti on, a z-score for 
educati onal degree was also created (Le Carret et al., 2003). A fi nal composite measure of 
neurocogniti on was based on the mean of the z-scores from the 7 outcome variables, while 
allowing for 4 missing values. 

2.4 Social Cogniti on
In additi on to the neurocogniti ve batt ery, pati ents were assessed with two social cogniti ve 
tasks, concerning emoti on percepti on and theory of mind. The degraded facial aff ect 
recogniti on task (DFAR) was used as a measure of emoti on percepti on (van ‘t Wout et al., 
2004). Sixty-four trials were presented, consisti ng of 16 face presentati ons in each of four 
conditi ons: angry, happy, fearful and neutral. Pati ents were asked to label each expression 
with the appropriate emoti on. Theory of mind (or mentalizing) was assessed using the Hinti ng 
Task (Corcoran et al., 1995). This task tests the ability of subjects to infer the real intenti ons 
behind indirect speech utt erances. The task comprises 10 short passages presenti ng an 
interacti on between two characters. All passages end with one of the characters dropping a 
hint. For instance: following a long and exhausti ng journey, Peter enters the Ann’s offi  ce. Ann 
immediately starts to update him on a number of business developments. Peter interrupts 
Ann by saying “Gosh, that really was a long, exhausti ng journey”. The parti cipant is asked 
to describe what he thinks Peter is implying with this comment. A composite measure for 
social cogniti on was based on the z-score on both tasks, allowing for 1 missing value.  

2.5 Clinical Symptoms
In the GROUP-project, current symptom severity was measured with the PANSS, which 
consists of 30 items (Kay et al., 1987). Each item is scored on a scale ranging from 1 (absent) 
to 7 (extreme), with item rati ng incorporati ng the behavioural eff ect of symptoms as well 
as their severity. Originally, three domains or factors were described for the PANSS. Later, 
a 5-factor structure was developed (Lançon et al., 2000). A more universally used method 
is that of remission, for which a number of items (measuring either positi ve, negati ve or 
disorganizati on symptoms) on the PANSS have been selected that also appear in other 
symptom rati ng scales. For remission, a score of 3 or lower for a period of 6 months on 
the following items is required (PANSS items are placed between brackets): delusions (P1), 
unusual thought content (G9), hallucinatory behaviour (P3), conceptual disorganizati on 
(P2), mannerisms/posturing (G5), blunted aff ect (N1), social withdrawal (N4) and lack 
of spontaneity (N6) (Andreasen et al., 2005). Since the current study did not emphasize 
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symptom dimensions but rather the concept of clinical symptoms in relation to insight, we 
decided to calculate the mean (cross-sectional) score of the z-transformed remission items, 
allowing for 3 missing values. 

2.6 Statistical analysis 
Subject scores exceeding 2 standard deviations (SD) from the mean patient group score 
were replaced by the recalculated mean group score ± 2 SD. All variables measuring insight 
(PANSS G12 and BIS), neurocognition, social cognition and clinical symptoms (see paragraph 
2.2 to 2.5) were checked for normal distribution of residuals from regression analysis 
(Field, 2005) and transformed into z-scores using the mean and SD of the patient group. 
Otherwise, test scores were transformed to approximate normality by logarithmic, square 
root or reciprocal transformations. Higher scores on the neurocognitive and social cognitive 
domains indicated better performance, whereas higher scores on the clinical symptom 
dimension indicated more severe symptomatology. Missing values were replaced by the 
average z-score, which is zero (BIS and PANSS-G12: both 11 cases; neurocognition and social 
cognition: both 6 cases; clinical symptoms: 11 cases). 

First, bivariate correlation analyses were performed to separately investigate relations 
between insight and neurocognition, social cognition and clinical symptoms. Second, 
we investigated the additional explained variance using multiple regression analysis. 
Neurocognition, social cognition and clinical symptoms were entered block-wise. This 
enabled us to investigate the explained variance of each factor in one model, as well as the 
additional explained variance of social cognition as well as the additional explained variance 
of clinical symptoms. Age, gender and phase of illness (recent onset / multiple episode or 
chronic psychosis) were entered as co-variates into the first block.

Next, we investigated the moderating role of phase of illness. This was done by repeating 
the first regression analyses, but with the addition of three interaction terms: neurocognition 
x recent onset yes/no, social cognition x recent onset yes/no, and clinical variables x recent 
onset yes/no. 

Finally, two separate regression analyses were performed for ROP and MECP with only 
those predictors that showed a significant interaction with recent onset yes/no in the 
previous regression analysis. All analyses were performed with one-tailed hypothesis testing 
with α = 0.05. Statistical analyses were performed using SPSS 16.0. For descriptive purposes, 
correlations between all variables are displayed in table S1 as supplementary material.

3. RESUlTS

3.1 Self-reported insight and interview based insight
Self-reported insight was significantly correlated with interview based insight (r=.406, 
p<.001). Score on the PANSS and BIS correlated significantly with the composite measure of 
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insight (r=-.837, p<.001; r=.846, p<.001, respecti vely), as with the BIS subscales Relabeling 
of symptoms (r=.615, p<.001), Awareness of Illness (r=.672, p<.001) and Need for Treatment 
(r=.682, p<.001). On the raw PANSS G12 scores, 43.1% of the pati ents (n=132) had no 
impairment of insight, 17.0% had ‘minimal’ impairment, 15.7% had mild impairment (n=48), 
11.8% had moderate impairment (n=35), 5.1% had moderately severe impairment (n=15), 
4.1% had severe impairment (n=12), and 0.7% had extreme impairment (n=2). On the raw 
BIS scores, 50.7% had a score in the ‘no-mild impairment’ range (9.1-12; n=103), 30.3% had 
a score in the ‘mild-moderate impairment’ range (6.1-9; n=93), 14.1% had a score in the 
‘moderate-severe impairment’ range (3.1-6; n=43), and 4.9% had a score in the ‘severe-
extreme impairment’ range (0-3; n=15).  

3.2 Relati onships with insight
Bivariate correlati on analyses revealed that all independent factors signifi cantly correlated 
with insight (neurocogniti on: r =.249; p<.001; social cogniti on: r =.248, p<.001; clinical 
symptoms: r = -.290, p < .001). In additi on, neurocogniti on was signifi cantly correlated 
with social cogniti on (r =.454, p<.001), and both neurocogniti on and social cogniti on were 
inversely correlated with clinical symptoms (r =-.341, p<.001; r =-.228, p<.001). Results of the 
multi ple regression analysis are displayed in Table 2. Neurocogniti on signifi cantly predicted 
insight scores. Social cogniti on, as an additi onal predictor variable, signifi cantly increased the 
explained variance (R2

change =.020; pchange =.018). The contributi on of both neurocogniti on and 
social cogniti on were signifi cant. Finally, clinical symptoms showed a signifi cant additi onal 
increase in the explained variance. More specifi cally, clinical symptoms explained insight 
signifi cantly, while the explained variance of neurocogniti on was non-signifi cant. 

The next step was to determine whether the phase of illness moderated the eff ect of the 
independent factors on insight. When scores of the groups Recent Onset Psychosis (ROP) 
and Multi ple Episode or Chronic Psychosis (MECP) were compared, these did not diff er with 
respect to insight (p = .228), neurocogniti on (p = .308), social cogniti on (p = .655), nor clinical 
symptoms (p = .105). However, when the interacti on term neurocogniti on was added to a 
regression model containing neurocogniti on and the covariates (age, gender and phase of 
illness), the interacti on term was signifi cant (β = .549, p =.037). The same moderati ng eff ect 
of phase of illness was found in regression analyses that included social cogniti on (β = .483, 
p =.052) and clinical symptoms (β = -.582, p =.025). These results indicated that separate 
analyses for ROP and MECP groups were justi fi ed. 
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Therefore, fi nal regression analyses were performed separately for ROP pati ents and 
MECP pati ents. In ROP pati ents, neither neurocogniti on nor the additi onal eff ect of social 
cogniti on (R2

change < .002; pchange = .763) showed a signifi cant eff ect. In additi on, when clinical 
symptoms were also investi gated, the explained variance was again non-signifi cant. In MECP 
pati ents it was demonstrated that neurocogniti on did signifi cantly explain insight. When 
social cogniti on was added to the equati on, the explained variance increased signifi cantly 
(R2

change = .033; pchange = .005). Both neurocogniti on and social cogniti on signifi cantly explained 
insight in MECP pati ents. With the additi on of the variable clinical symptoms to the above 
menti oned equati on, the explained variance increased once again signifi cantly. Clinical 
symptoms explained insight signifi cantly, as did neurocogniti on and social cogniti on. In 
total, the predictors explained insight for 20%.

4. dISCUSSION

The current study investi gated the relati on of insight in psychosis with neurocogniti on, social 
cogniti on and clinical symptoms. Results can be summarized as follows: when investi gated 
separately, neurocogniti on, social cogniti on and symptom dimensions were all associated 
with insight. Phase of illness was found to moderate the relati on between insight and the 
studied predictors. In pati ents with multi ple episode or chronic psychosis (MECP), both 
social cogniti on and clinical symptoms had additi onal eff ects and explained insight, along 
with neurocogniti on. In pati ents with recent onset psychosis (ROP) pati ents, none of the 
factors were found to be associated with insight.

To our best knowledge, this is the fi rst study that has investi gated the unique contributi on 
of neurocogniti on, social cogniti on and clinical symptoms in relati on to insight in psychosis. 
To demonstrate this, not only the predicti ve value of each factor within one model was 
investi gated, but also the additi onal predicti ve value of the factor. In additi on, most of the 
studies to date have focused on sub functi ons of neurocogniti on (e.g. working memory) or 
social cogniti on (e.g. mentalizing) in relati on to insight. The current study used composite 
measures for each factor. This implies that multi ple tests have been used to measure the 
construct, which may represent a more reliable esti mate. Furthermore, the analysis is 
more parsimonious as there is no large number of measures that compromises degrees of 
freedom. Although this approach may lead to a certain loss of the fi ne-grained interpretati on 
of cogniti ve sub functi ons indexed by individual tests, the results show that each of the 
cogniti ve outcome variables are related to insight, when analyses were restricted to the 
MECP populati on (see table S1). In fact, the associati on of neurocogniti on with insight within 
this group (r =.312, p<.001) is even higher as compared to the results of a meta-analysis of 
the previously published literature (Aleman et al., 2006), in which mean weighted eff ect 
sizes were reported ranging from r = 0.14 to 0.28.
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Social cognition, highly correlating with neurocognition, explained additional variance 
on insight. Social cognition has only been investigated in a few studies in relationship to 
awareness of illness in psychoses (Bora et al., 2007; Lysaker et al., 2005; Lysaker et al., 
2008). Our results support previous findings of a significant association. For example, 
Lysaker et al. (2008) found that schizophrenia patients with “superficial” insight not only 
had poorer executive function but also poorer emotion recognition ability, and capacity for 
social relationships than a patient group with “full awareness”. With regard to mentalizing, 
Langdon and Ward reported an association between deficient Theory of Mind performance 
(measured with tasks of picture sequencing and joke appreciation) and poor insight (Langdon 
and Ward, 2009). Our findings go beyond such previous studies, because we show that the 
concept of social cognition explains additional variance, when added to a regression model 
that already contains a wide range of neurocognitive variables. Similar results have been 
found in studies that investigated the predictive value of these concepts on distinct functional 
outcomes, such as social behavior (Brüne, 2005), vocational outcome (Bell et al., 2009), and 
interpersonal skills (Pinkham and Penn, 2006). The finding that social cognition uniquely 
contributes to insight is supported by theories that imply a role for deficient mentalizing in 
reduced insight in one’s illness (David, 1999; Langdon and Ward, 2009; Lysaker et al., 2005). 
That there is a general difficulty in adopting other mental perspectives, i.e., with “seeing the 
world as others do”, may contribute to deficient awareness of illness over and above general 
cognitive problems and next to clinical symptoms. A limitation of the current study was that 
a third described social cognitive domain, namely attributional style, was not included. In 
addition, it is possible that the additional explained variance of social cognition represents 
a general capacity to think about thinking, rather than a specific ability to infer other 
people’s mental state. This general capacity has been referred to as ‘metacognition’, which 
also includes the knowledge of one’s own mental state (David, 1999; Semerari et al., 2003). 
Indeed, a study on metacognitive decisions in a test of mental flexibility (the Wisconsin Card 
Sorting Test), found this to be significantly correlated with insight in psychosis (Koren et al., 
2004). 

In ROP-patients, neither neurocognition nor social cognition and clinical symptoms 
were significantly related to insight, although their mean scores were not dissimilar from 
those with MECP. This is in contrast with a study by Keshavan et al., which did find a linear 
trend of a composite measure of neurocognition with PANSS G12 score in ROP patients 
(Keshavan et al., 2004). An explanation for this discrepancy may be that the correlation 
between the measures of insight was modest in the current population (r =-.257, p=.032). 
Tranulis et al. (2008) have suggested that, in patients with recent-onset psychosis, specific 
factors may contribute to the measurement of insight. Particularly, recent-onset patients 
find themselves in a relatively unstable and evolving period. They may be aware of their 
distress but not yet attribute it to a mental disorder. In addition, different perspectives 
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between the pati ent who has recently become ill and the interviewer may be responsible 
for discrepant fi ndings. A recent study by Parellada et al. (2009) investi gated insight in 
pati ents with ROP longitudinally using interview based measures. The authors suggested 
that, during the acute phase, severity of clinical symptoms may overrule the associati on 
of other factors with insight, that may become more apparent aft er symptom stabilizati on. 
Viewing the supplementary table, it cannot be ruled out that clinical symptoms are related 
to insight in ROP. Thereby, the current study seems to give some support to this rati onale. 
Future GROUP-studies should be able to assess insight and related factors in the current 
ROP populati on longitudinally.

In line with previous fi ndings, the current study showed medium relati onships between 
the insight measures, and a relati on of its composite score with important outcome 
variables such as GAF-scores and number of hospitalizati ons (Lincoln et al., 2007). Scores 
on the PANSS and BIS refl ected good insight in 43% of our sample. Although one infl uenti al 
study showed that poor insight aff ected up to 81% of pati ents with schizophrenia (Wilson 
et al., 1986), the numbers in the present study are consistent with comparable studies that 
were published over the last decades (Birchwood et al., 1994; Jensen et al., 2004; Karow 
et al., 2008). Indeed, one of the largest studies to date, that included a comprehensive 
assessment of 412 pati ents found that 41% of schizophrenia pati ents were aware that 
they suff ered from a mental disorder (Amador et al., 1994). Treatment factors, such as the 
widespread use of psycho-educati on in the Netherlands, might contribute to the relati vely 
high number of unimpaired pati ents in our sample. Alternati vely, our brief measures 
of insight might have overseen some insight problems. The use of more comprehensive 
interview-based measures such as the Schedule of Assessment of Insight-Expanded version 
(SAI-E) (Kemp and David, 1996) and the Scale to Assess Unawareness of Mental Disorder 
(SUMD) (Amador et al., 1993) could yield a higher sensiti vity in that regard. Uti lisati on of 
such scales may also allow for a deeper and more comprehensive explorati on of the several 
domains of insight described in the Introducti on. In additi on, it has recently been suggested 
that insight should not only be studied as a belief that leads to treatment adherence, or 
the possession of specifi c knowledge, but also as a facet of a larger understanding of an 
individual life, also referred to as an inextricable part of a personal narrati ve (Lysaker et 
al., 2002; Lysaker et al., 2008). Another drawback of the current study was the use of the 
PANSS for both the independent measure (clinical symptoms) and the dependent measure 
(insight, in part). This may well explain the decrease in explained variance of neurocogniti on 
and social cogniti on, when the contributi on clinical symptoms was also taken into account. 
Another drawback of the current study was the use of the PANSS for both the independent 
measure (clinical symptoms) and the dependent measure (insight, in part). This may well 
explain the decrease in explained variance of neurocogniti on and social cogniti on, when the 
contributi on clinical symptoms was taken into account as well. Finally, correlati on does not 
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imply causation. Whereas neurocognitive and social cognitive abilities may partly underlie 
the patients’ level of insight, the direction of the effect is less straightforward for clinical 
symptoms, such as delusions and hallucinations. For instance, a deluded person without 
insight in his/her psychotic beliefs may receive higher positive symptom ratings as compared 
to a similar person with insight. Thus, it may not be that stronger symptoms cause poor 
insight but that poor insight results in higher symptom ratings. 

In conclusion, the results of the current study indicate that insight in psychosis is 
associated with multiple factors, and that a distinction between patients in different 
phases of their illness may lead to a better understanding of this concept. Lack of insight in 
MECP patients may not only require traditional cognitive aspects (e.g. learning, attending, 
information processing, remembering), but also successful perception and interpretation of 
social-emotional information. In this, the former may be necessary to understand the world 
around us as an individual, whereas the latter may be more important to understand others 
and oneself; it should be noted that the border between these concepts is, in reality, more 
diffuse. In addition to neurocognition and social cognition, a certain presence of behaviour 
and emotion, and absence of deviant perceptions (clinical symptoms), may be requirements 
for full insight. It should be noted that the nature of insight is paradoxical. Patients with 
full insight have been found to experience more depressive symptoms and hopelessness 
(Buchy et al., 2010), and the stigma associated with having a schizophrenia diagnosis has 
been suggested to be a moderating factor (Staring et al., 2009). However, increasing insight 
through treatment does not lead to lasting increases in depression. Indeed, improved insight 
has been shown to be associated with decreased suicidality (Bourgeois et al., 2004). Indeed, 
interventions with positive effects on neuropsychological aspects, clinical symptoms as 
well as well-being and functional outcome (Roder et al., 2006) may hypothetically increase 
insight as a by-product, while preventing the occurrence of negative effects on depressive 
symptoms (Buchy et al., 2010). Such interventions should also address stigma-sensitivity, 
and may benefit from using a broader concept of insight, which incorporates the personal 
narrative. How to increase insight in ROP needs further investigation. 
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Supplementary Table S1. Pearson Correlati ons (p-value, 1 tailed) of z-scores of neurocogniti on, social 
cogniti on, clinical symptoms and other variables with insight. 

Insight variable

birchwood
Insight Scale

PANSS Item G12
Insight and Judgment

Insight
Composite Measure

Variable ROP MECP Overall ROP MECP Overall  ROP  MECP Overall

Neurocogniti on
  WAIS Informati on
  WAIS Arithmeti c
  WAIS Block Design
  WAIS Symbol Coding
  WLT Immediate Recall
  WLT Delayed Recall
  CPT-HQ % hits
  CPT-HQ % false positi ves
  Response Set Shift ing
  Educati onal degree

-.076
-.021
.024
-.027
-.181
-.006
-.034
-.101
.094
.112
-.019

.280**

.182**

.132*

.194**

.157*

.044

.053

.227**

-.174**

.110

.221**

.204**

.142*

.114*

.148**

.083

.035

.044

.157**

-.115*

.107*

.167**

.089
-.017
.094
.047
.148
.085
.177
.036
-.058
-.098
.125

.264**

.185**

.149*

.155*

.238**

.187**

.170**

.133*

-.095
.134**

.265**

.223**

.141*

.137*

.131*

.217**

.165**

.172**

.112*

-.084
.088
.233**

.015

.009

.088

.019
-.027
.050
.076
-.032
.010
-.008
.060

.312**

.206**

.193**

.201**

.227**

.133*

.134*

.214**

-.166*

.148*

.272**

.249**

.167**

.148*

.155**

.171**

.117*

.130*

.162**

-.128*

.117*

.223**

Social Cogniti on
  Emoti on Percepti on
  Hinti ng Task

.070

.028

.066

.184**

.279**

.290**

.235**

.133*

.235**

.021
-.047
.088

.214**

.192**

.244**

.189**

.149*

.167**

.049
-.024
.099

.307**

.227**

.277**

.248**

.160*

.242**

Clinical Symptoms (PANSS)
  Delusions (P1)
  Conceptual Disorganizati on (P2)
  Hallucinatory Behavior (P3)
  Blunted Aff ect (N1)
  Social Withdrawal (N4)
  Lack of Spontaneity (N6)
  Mannerisms/posturing (G5)
  Unusual Thought Content (G9)

.122
-.007
.063
.071
.154
.131
.058
.171
-.048

-.215**

-.185**

-.226**

-.210
-.060
-.137*

-.061
-.136*

-.186**

-.134*

-.137*

-.154**

.009
-.022
-.078
-.046
-.076
-.139*

-.215
-.312*

-.202
.021
.034
-.231*

-.262*

.041
-.176

-.409**

-.360**

-.380**

-.130*

-.188**

-.190**

-.195**

-.176**

-.293**

-.363**

-.347**

-.340**

-.099
-.134*

-.199**

-.208**

-.125*

-.264**

-.060
-.211
-.073
.060
.132
-.054
-.129
.141
-.124

-.361**

-.328**

-.353**

-.099
-.144*

-.193**

-.146*

-.196**

-.291**

-.290**

-.296**

-.287**

-.060
-.089
-.161**

-.147**

-.242**

-.290**

Other Variables
  Gender
  Age
  Age of illness onset
  Hospitalizati ons
  GAF-S
  GAF-D

-.015
.097
.096
-.182
-.125
-.170

-.068
.049
-.003
-.195**

.115

.092

-.052
.076
.005
-.152**

.077

.055

-.146
-.027
-.027
-.192
.297*

.439**

-.155*

-.003
.058
-.234**

.309**

.336**

-.152**

-.008
.036
-.213**

.305**

.353**

-.046
.073
.074
-.247*

.097

.160

-.119*

.025

.018
-.247**

.234**

.232**

-.099
.049
.031
-.211**

.245**

.248**

* signifi cant at the < .05 level; ** signifi cant at the < .01 level; ROP = Recent Onset Psychosis; MECP = Multi ple 
Episode or Chronic Psychosis; WAIS = Wechsler Adult Intelligence Scale; WLT = Word Learning Task; CPT-HQ = 
Conti nuous Performance Test HQ; PANSS = Positi ve And Negati ve Syndrome Scale; GAF = Global Assessment of 
Functi oning (S = symptoms, D = disability). Higher scores on the insight variables indicate bett er insight. 
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AbSTRACT

Introduction Impaired insight is an important and prevalent symptom of psychosis. It remains 
unclear whether cognitive disturbances hamper improvements in insight. We investigated 
the neurocognitive, social cognitive, and clinical correlates of changes in insight. Methods 
One-hundred fifty-four patients with a psychotic disorder were assessed at baseline (T0) 
and after three years (T3) with the Birchwood Insight Scale (BIS), the Positive And Negative 
Syndrome Scale (PANSS), measures of neurocognition and social cognition. Linear regression 
analyses were conducted to examine to what extend neurocognition, social cognition, 
clinical symptoms, and phase of illness could uniquely predict insight change. Subsequently, 
changes in these factors were related to insight change. Results Better neurocognitive 
performance and fewer clinical symptoms at baseline explained insight improvements. 
Social cognition and phase of illness could not predict insight change. Changes in clinical 
symptoms, but not changes in neurocognitive performance were associated with insight 
change. discussion Neurocognitive abilities may predict, in part, the development of insight 
in psychosis. 
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1. INTROdUCTION 

Impairments in insight, or unawareness of illness, is a highly prevalent symptom of pati ents 
with a psychoti c disorder (Amador and Gorman, 1998). Insight is typically considered a 
multi -dimensional concept, that includes the following aspects: (i) awareness of illness, 
(ii) need for treatment, and (iii) relabeling of symptoms (David, 1990). Impaired insight 
has adverse consequences on outcomes of the disease, including functi onal outcome, 
treatment adherence, and re-admissions (Drake et al., 2007). Multi ple factors have been 
associated with reduced insight, including neurocogniti ve impairment, social cogniti on, and 
clinical symptoms (Aleman et al., 2006; Mintz et al., 2003). However, the majority of the 
studies investi gati ng insight applied a cross-secti onal design, leaving the questi on whether 
the above factors contribute to the course of insight over ti me unanswered. This may be 
parti cularly relevant informati on for clinicians to be able to develop treatment strategies to 
improve insight.  

In schizophrenia, opposed to other psychoti c disorders, impairments in multi ple domains 
of neurocogniti on (i.e. verbal learning and memory, att enti on/vigilance)have been related 
to insight (Aleman et al., 2006). Only a few studies have investi gated the course of insight 
longitudinally. Parellada et al. (2011) demonstrated that cogniti ve impairments predicted 
several aspects of insight aft er two years. However, their assessment did not include all of 
the neurocogniti ve domains defi ned (Nuechterlein et al., 2004). A second study failed to 
fi nd a signifi cant eff ect of neurocogniti on on future insight (Cuesta et al., 2006). In a third 
study, pati ents with improved insight were found to have bett er cogniti ve performance aft er 
six months on some tasks, but not all (Cuesta et al., 2011). However, these fi ndings may have 
been the result of their inclusion of medicati on-naïve pati ents with a fi rst psychoti c episode 
at baseline. Therefore, although it has been suggested that cogniti ve impairments limit the 
response to psycho-social treatment (Lysaker et al., 2002), this hypothesis has not been 
addressed adequately with respect to insight improvement.  

Previously we demonstrated that social cogniti on and clinical symptoms are both 
uniquely related to level of insight, irrespecti ve of neurocogniti ve functi oning; interesti ngly, 
phase of illness moderated this eff ect (Quee et al., 2011). Taking these fi ndings into account, 
it is interesti ng to study whether these factors are also predicti ve of changes in insight. In 
additi on, it is not known whether changes in these factors fl uctuate with changes in insight 
change. Increases in severity of clinical symptoms have been found to be associated with 
decreases in insight, but only in pati ents with recent onset psychosis (Buchy et al., 2012).

In the current study we investi gated factors associated with change in insight over ti me in 
a longitudinal design. We expected that neurocogniti on and social cogniti on would explain 
changes in insight over ti me. We also investi gated whether changes in neurocogniti on, social 
cogniti on, clinical symptoms, and phase of illness were associated with changes in insight. 
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2. METhOdS

2.1 Participants
Two hundred and seventy patients with psychotic disorders were assessed with the 
Birchwood Insight Scale at baseline (see paragraph 2.2.1). This was a subsample of the 
patient population participating in the GROUP project (Korver et al., 2012). The GROUP 
project is a large-scale multi-center study that investigates the vulnerability and protective 
factors for (1) the development of a psychotic disorder, and (2) the variation of the course of 
illness. Two out of four centers participated in the insight study (Amsterdam and Utrecht). 
Diagnoses were confirmed using the Comprehensive Assessment of Symptoms and 
History (CASH) (Andreasen et al., 1992). The procedure of recruitment, informed consent, 
assessment instruments, approval by an accredited Medical Ethics Review Committee and 
population characteristics have been described in a previous report on the project (Korver 
et al., 2012).

2.2 Assessments

2.2.1 Insight 
Insight was assessed using two measures. From the Positive And Negative Syndrome Scale 
(PANSS) (Kay et al., 1987), a semi-structured interview consisting of 30 items, we used item 
G12 (Poor Judgment and Insight). Scores on the PANSS range from 1 (absent) to 7 (extremely 
severe). Secondly, we used the Birchwood Insight Scale (BIS) (16). The BIS is a short self-rating 
questionnaire that consists of eight questions addressing the three components of insight in 
psychosis (Awareness of Illness, Need for Treatment, and Relabeling of Symptoms). The BIS 
total score ranges from 0 to 12, with higher scores indicating better insight. For insight, as 
well as neurocognition, social cognition, and clinical symptoms, composite measures were 
created (see paragraph 2.3). For insight, the composite measure consisted of the PANSS 
item G12, and the BIS.

2.2.2 Neurocognition
The neurocognitive measures used in the GROUP-study have been described in detail 
elsewhere (Meijer et al., 2011). The following tasks were administered: Continuous 
Performance Test – HQ (CPT-HQ) (attention/vigilance), Response Set-shifting Task (RST) 
(reasoning and problem solving), short form of the Wechsler Adult Intelligence Scale – III 
(WAIS-III) containing the subtests Block Design (reasoning and problem solving), Digit Symbol 
(processing speed), Arithmetic (working memory), and Information (verbal comprehension) 
(Blyler et al., 2000), Word Learning Task (WLT) immediate recall and delayed recall (verbal 
learning and memory) (Brand and Jolles, 1985). Educational degree was assessed using 9 
categories, 0 being the lowest (no education) and 8 being the highest (academic degree) 
(Verhage, 1964). The parameters used for neurocognition were similar as in our previous 
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study (Quee et al., 2011), with a few excepti ons. For the CPT-HQ, two parameters were 
created: CPT variance and CPT performance index. For CPT variance, or intra-individual 
variability (20), the standard deviati on of the subject’s mean response ti me on the hit trials 
was used. CPT performance index consisted of an effi  ciency score ((accuracy/reacti on ti me) 
x 1000), in which accuracy was measured as the total number of hits (range 0-28) minus the 
total number of errors (range 0-28), divided by 28. The RST parameter was based on the 
subjects’ accuracy during the experimental conditi on, during which the subject has to fi nd 
the alternated response rule. For all neurocogniti ve tests, higher scores indicated bett er 
performances, except for CPT variance.

2.2.3 Social Cogniti on
For social cogniti on, the Degraded Facial Aff ect Recogniti on task (DFAR) (emoti on percepti on) 
(Van ‘t Wout et al., 2004) and the Hinti ng Task (Theory of Mind) (Corcoran et al., 1995) were 
used. Higher scores on the measures of social cogniti on refl ected bett er performances. The 
Hinti ng Task was measured at baseline only. 

2.2.4 Clinical Symptoms
Current symptom severity was measured with the PANSS. Items on the PANSS incorporate 
the behavioural eff ect of the symptoms, as well as their severity. As in our earlier study (Quee 
et al., 2011) we calculated a mean score of the subject’s rati ngs on the 8 remission items 
(Andreasen et al., 2005). These items include: delusions (P1), conceptual disorganizati on 
(P2), hallucinatory behaviour (P3), blunted aff ect (N1), social withdrawal (N4), and lack of 
spontaneity (N6), mannerisms/posturing (G5), and unusual thought content (G9).

2.2.5 Phase of Illness
Phase of illness was divided into recent onset psychosis and multi ple or chronic psychosis. 
Recent onset psychosis was defi ned as follows: a fi rst psychoti c episode during the year 
prior to the baseline assessment. All other pati ents were characterized as having ‘multi ple 
episode or chronic psychosis’.

2.3 Stati sti cal Analysis 
Normality was checked for all variables. If necessary, variables were transformed to 
approximate normality using logarithmic or square root transformati on. Subsequently, a 
composite measure was created for the insight measures at baseline and follow-up. As in 
our previous study, the scores on the G12 and BIS were transformed into z-scores, based 
on the mean and standard deviati on of the baseline assessment (Quee et al., 2011). Insight 
change was computed by subtracti ng the insight composite score at baseline from the 
insight composite score at follow-up. Thus, higher scores at insight change refl ect more 
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insight improvement. A paired t-test was used to investigate differences between baseline 
and follow-up insight.

Next, composite scores were creased for baseline neurocognition, cognition, and clinical 
symptoms. The composite score included all test scores of each of the abovementioned 
factors (see paragraph 2.2.2, 2.2.3, and 2.2.4). For neurocognition and social cognition, this 
was done by transforming all the raw scores into z-scores, using the mean and standard 
deviations from the patient population included at baseline (N=270). For neurocognition, 
the composite score consisted of 8 measures: CPT-HQ (average performance index and 
variance, the latter being negatively transformed), RST, WAIS-III Digit Symbol, Block Design, 
Arithmetic, and Information, WLT (average immediate and delayed recall), and educational 
degree. For clinical symptoms, a mean score was created, based on the 8 PANSS items. 

Hierarchical regression analyses investigated the predictive value of neurocognition, 
social cognition, clinical symptoms, and phase of illness at baseline. These variables were 
entered block-wise, which enabled us to investigate the explained variance of neurocognition, 
as well as the additional explained variance of social cognition, clinical symptoms, and phase 
of illness. Age at baseline and sex were entered in the first block, as covariates. Scatterplots 
were used to evaluate the direction of the effects. Changes ≥ 1 SD were considered insight 
improvement, whereas changes ≤ -1 SD were considered insight decrease. 

Next, we analyzed whether changes in neurocognition, social cognition, clinical symptoms 
and phase of illness were related to insight change. This was done by subtracting the score 
at baseline from the score at follow-up. These change scores were then transformed into 
z-scores to create a composite measure for neurocognition. Thus, for neurocognition change 
as well as social cognition, higher change scores indicated improved performance; for clinical 
symptoms change, higher scores indicated more symptoms. Variables were entered block-
wise in a new regression analysis, again with the covariates age and sex in the first block. 

All analyses were performed with 2-tailed hypothesis testing, with α = .05. For the 
evaluation of the scaled scores, and composite measures, we allowed for 30% of missing 
values. Statistical analyses were performed using SPSS 18.0. For descriptive purposes, 
correlations between all variables are displayed in Supplementary Table S1.

3. RESUlTS

3.1 descriptives
Out of the 270 patients assessed with the assessment of insight at baseline, 154 were assessed 
in GROUP at follow-up. Dropout in Utrecht and Amsterdam was relatively similar (45% and 
55%, respectively). These patients (n=116) received a questionnaire to investigate reasons 
for dropout; however none of these patients responded to this request. Insight at baseline 
of the remaining patients differed significantly from the dropout patients (F(1,272)=12.649, 
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p<.001), with the former having higher levels of insight (z=.16, z=-.19, respecti vely). The 
eff ect size is this diff erences was small (d=.46), suggesti ng that the sample is sti ll relati vely 
reliable. Diff erences were also signifi cant for educati on (F(1,272)=7.605,p=.006), but not for 
neurocogniti on, social cogniti on, clinical symptoms, phase of illness, age, and sex. Table 1 
shows the demographic and clinical data for the included 154 pati ents of the current study. 
At baseline, 21% of the pati ents included had a recent onset psychosis. 

Table 1. Baseline characteristi cs of the pati ents (n=154)*

Assessment

Variable baseline (T0 years) Follow-up (T3 years)

Age, years 28 (7) 31 (7)

Gender, male % 80 80

Educati ona 4.6 (2.1) 4.9 (1.9)

Durati on of illness, years
Diagnosti c,
  Schizophrenia,%
  Schizo-aff ecti ve, %
  Psychosis NOS, %
  Other
Anti -psychoti cs,
  Olanzapine, %
  Risperidone, %
  Clozapine, %
  Aripiprazol, %
  Queti apine, %
  Other, %
  No anti -psychoti cs, %
PANSS,c

  Positi ve
  Negati ve
  General  

5 (5)

103
29
12
10

32
25
10
8
7
11
7

1.9 (0.8)
2.2 (0.8)
1.8 (0.5)

7 (5)

102
28
8
16

20
15
20
16
9
11
9

1.6 (0.6)
1.7 (0.7)
1.5 (0.4)

Insight,
  G12g

  BISh

2.0 (1.3)
9.3 (2.5)

1.7 (1.2)
8.9 (2.7)

*Table presents means (SD) or numbers (in %); aEducati on (Verhage): range 0 (no educati on), 3-5 (school diploma) 
to 8 (academic degree); bPANSS: Positi ve And Negati ve Syndrome Scale; cG12: PANSS item G12 ‘Judgment and 
Insight’; dBIS: Birchwood Insight Scale.

3.2 Insight change: relati onship with baseline insight
The diff erence between insight at baseline and follow-up was not stati sti cally signifi cant 
(p=.388). The relati onship between insight at baseline and insight at follow-up was 
signifi cant (r=.415,p<.001). Furthermore, baseline insight was signifi cantly related to insight 
change (r=.515,p<.001), with bett er insight at baseline being associated with more insight 
improvement. 
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3.3 Insight change: relati onships with baseline neurocogniti on, social cogniti on, clinical 
symptoms, and phase of illness
Insight change was signifi cantly related to baseline neurocogniti on (r=.231, p=.005), and 
clinical symptoms (r=-.215, p=.009). Bett er baseline neurocogniti ve performances were 
related to improvements in insight aft er 3 years (Figure 1). Pati ents with more symptoms at 
baseline had decreased insight (Figure 2). The relati onship with social cogniti on and phase 
of illness was non-signifi cant. When neurocogniti on and clinical symptoms were entered 
in the regression analysis consecuti vely, with age and sex as covariates, the additi onal 
explained variance of clinical symptoms was signifi cant. Together, these factors explained 
insight improvement for 10% (Table 2).

3.4 Insight change: relati onships with changes in neurocogniti on, social cogniti on, and 
clinical symptoms
Insight change was signifi cantly related to change in clinical symptoms (r=-.223, p=.008). 
Decreases in clinical symptoms over ti me were related to increases in insight. The 
relati onships with change in neurocogniti on, social cogniti on, and phase of illness were 
non-signifi cant. When change in clinical symptoms was entered in the regression analysis, 
with age and sex as covariates, the explained variance of the model was 12%, with the 
contributi on of clinical symptoms being signifi cant (β=-.324, p<.001) (Table 3).

Figure 1. Insight change as a functi on of baseline neurocogniti on 
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Figure 2. Insight change as a functi on of baseline clinical symptoms
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Table 2. Relati onships of baseline neurocogniti on and clinical symptoms with insight change for 
pati ents with non-aff ecti ve psychosis

Insight change (T0 years – T3 years) 

Model df βCogniti on βClinical  Symptoms P F R R2 PChange FChange R2
Change

Neurocogniti on
+ Clinical Symptoms

3,137
4,136

.259b

.200a

-
-.176a

.018

.007
3.450
3.660

.265

.312
.070
.097

-
.046

-
4.061

-
.027

Note: β = standardized beta coeffi  cient; pchange, Fchange, Rchange, and R2
change refer to the stati sti cal signifi cance of the 

model as compared with its preceding model. aCorrelati on signifi cant at the .05 level; bCorrelati on signifi cant at the 
.01 level. Included covariates are age and sex.

Table 3. Relati onships of changes in clinical symptoms with insight change for pati ents with non-
aff ecti ve psychosis

Insight change (T0 years – T3 years) 

Model df βClinical  Symptoms P F R R2

Change in clinical symptoms 3,138 -.343b .001 6.087 .342 .117

Note: β = standardized beta coeffi  cient;  aCorrelati on signifi cant at the .05 level; bCorrelati on signifi cant at the .01 
level. Included covariates are age and sex. 
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4. dISCUSSION 

The current study investigated factors associated with insight change in non-affective 
psychosis. Results can be summarized as follows. Most importantly we found that, though 
the mean group-level of insight was relatively stable over time, improvement of insight 
within patients was positively related to baseline neurocognitive performances, and 
negatively related to baseline symptom severity. In addition, changes in insight were found 
to fluctuate with changes in symptom severity, but not with changes in neurocognition, 
between baseline and follow-up. 
The course of insight was stable in the majority of this relatively young population. This is 
in line with findings that interventions to date had only limited success in improving insight 
over time (Pijnenborg et al., 2012; unpublished data). It therefore becomes relevant to 
study the underlying factors of this insight stability. Longitudinal studies focusing on insight 
have provided mixed results (Cuesta et al., 2006; Cuesta et al., 2011; Parellada et al., 2011;). 
Rather than predicting the future level of insight, our study focused on factors contributing 
to changes in insight. The advantage of this approach is that by using a difference score as 
the outcome measure, both the level of insight at baseline, as well as insight at follow-up 
are taken into account. 

In line with the hypotheses, baseline neurocognition substantially contributed to insight 
change, together with clinical symptoms. This shows that neurocognition has a rate-limiting 
effect on the development of insight. Baseline symptom severity and decreases in symptoms 
over time were associated with an increase in insight as well. This may indicate that treatment 
of symptoms may be partly beneficial to improve insight in psychosis. In a subsequent 
analysis, we found that some of the neurocognitive abilities and clinical symptoms may be 
particularly responsible for this (Supplementary Table S1). The relationship between these 
significant variables should be tested in a new sample to confirm their predictive value on 
insight change. 

In contrast to our expectations, phase of illness and social cognition were not related 
to insight change. Therefore, insight change may not differ between recent onset patients 
and other patients. On the other hand, it cannot be ruled out that the correlates of insight 
change would differ in a study covering a longer period of time. In an earlier study, we 
found social cognition to be of additional value for insight as well (Quee et al., 2011). 
Social cognition has been found to mediate the relationship between neurocognition and 
functional outcome (Andreasen et al., 2005). Neurocognitive impairments may thereby 
underlie the deficits in emotion perception and theory of mind, and this may also apply to 
the enduring impairments in insight. 

The current study may have clinical implications. It has been suggested that patients 
with more severe neurocognitive impairments are less able to profit from psycho-social 
interventions (Schmidt et al., 2011). This may also explain why they only minimally improve 
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insight. Such interventi ons may need to be provided with a high level of structure, and more 
rehearsal, in order to improve insight. We did not fi nd a relati onship between neurocogniti ve 
change and insight change. Sti ll, this does not rule out a role of cogniti ve remediati on 
here. Enhanced cogniti on, together with decreased symptoms may give the pati ents more 
possibiliti es to increase their awareness of illness over ti me. 

Strengths of the current study were its longitudinal design, the assessment of several 
cogniti ve domains, and the methodology used. Some limitati ons should also be considered. 
First, a substanti al subgroup did not parti cipate in the GROUP study at follow-up. Although 
eff ect sizes were small, pati ents who did not parti cipate at follow-up study had poorer 
insight at baseline. Reasons for dropout were unknown. Second, our assessment of social 
cogniti on was limited. We did not include a measure of metacogniti on, which may be more 
closely related to insight (Lysaker and Buck, 2007). Third, sti gma and depressive symptoms 
were not assessed in the current study (Koren et al., 2004; Pruβ et al., 2012). Fourth, 
the assessment of insight may have been more comprehensive would we have used the 
Structured Assessment of Insight – Expanded (SAI-E) (Kemp and David, 1996). Due to these 
limitations our results should be interpreted cautiously.

In conclusion, the current study highlights the role of neurocogniti on and clinical 
symptoms for insight improvement. Therefore, it may be necessary to develop treatment 
strategies that incorporate these aspects, among others such as sti gma, metacogniti on, and 
depressive symptoms (e.g., Pijnenborg et al., 2011).



Chapter 9 

Summary and discussion
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COGNITIVE FUNCTIONING IN SChIZOPhRENIA: STRUCTURE ANd ClINICAl 
CORRElATES

The aim of this thesis was to increase our understanding of cogniti ve functi oning in 
schizophrenia. Most of the studies were conducted within the framework of the Geneti c Risk 
and Outcome of Psychosis (GROUP) project (chapter 2). We investi gated which underlying 
mechanisms can be held responsible for impairments in working memory (chapter 3), and 
reasoning/problem solving (chapter 4). Determinants of heterogeneity in cogniti ve task 
performance were studied by relati ng the cogniti ve subtype of the unaff ected sibling to their 
aff ected family member (chapter 5). Next, we investi gated the characteristi cs of profi les of 
premorbid adjustment and their relati onship with cogniti ve functi oning (chapter 6). Finally, 
we investi gated the relevance of cogniti on for illness insight, with specifi c att enti on paid to 
the role of social cogniti on (chapter 7 and 8). 

Geneti c Risk and Outcome of Psychosis (GROUP)
In chapter 2, we pres ented the objecti ves, sample characteristi c, recruitment and assessment 
methods of the GROUP project, a multi -site longitudinal cohort study focused on gene-
environment interacti on in psychoti c disorders. What makes the GROUP project unique 
compared to other studies is the inclusion of a large sample of young pati ents (N=1120), their 
unaff ected siblings (N=1057), parents (N=919) and unrelated controls (N=590). Inclusion of 
these four cohorts allows for unique comparisons, which may improve our understanding 
of the aeti ology, course, and outcome of schizophrenia and related disorders. Results of the 
cogniti ve assessment at baseline have been described in another study (Meijer et al., 2011).  

Cogniti ve Functi oning in Schizophrenia
It has been well established that cogniti ve impairments are a highly prevalent feature 
of schizophrenia. Based on factor analysis, seven domains have been found to be of 
importance: ‘processing speed’, ‘att enti on/vigilance’, ‘working memory’, ‘verbal learning/
memory’, ‘visual learning/memory’, ‘reasoning/problem solving’, and ‘social cogniti on’ 
(Nuechterlein et al., 2004). For each of these domains, multi ple performance-based tasks 
have been described.

It is not fully understood which underlying mechanisms are responsible for the impairments 
on the domains described. Two cogniti ve domains were investi gated in more detail: working 
memory (chapter 3) and reasoning/problem solving (chapter 4). Working memory involves 
the mental maintenance (short-term storage and rehearsal) and manipulati on of verbal and 
visuospati al informati on. We showed that performance diff erences between pati ents and 
controls were already present in a control conditi on that required only minimal involvement 
of the maintenance and manipulati on components (chapter 3). Performance diff erences 
increased only when maintenance and manipulati on demands increased simultaneously. 
We suggested that performance diff erences in the control conditi on were att ributable 
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to perceptual strategies, whereas the increase in differences in the “maintenance-plus-
manipulation” condition was suggested to be influenced by cognitive capacity. This indicates 
that other factors may play a role in working memory task performance. In addition, 
performance impairment may not only be attributable to brain areas involved in executive 
function (e.g. the prefrontal cortex).  

Another cognitive domain within the executive functions is reasoning and problem 
solving. Tasks measuring this domain typically require mental flexibility, reasoning, or 
visuoconstruction (Nuechterlein et al., 2004). Such tasks are known to reflect higher order 
cognitive abilities. It remains to be elucidated whether the problems in mental flexibility 
are the result of a general cognitive impairment, or whether they represent a discrete area 
of vulnerability. In the current thesis, we investigated mental flexibility into more detail, 
using two tasks measuring either explicit or implicit processes of set-shifting (chapter 4). 
Task performance was only modestly related to indices of general cognitive functioning, 
suggesting that it measures fairly discrete cognitive processes. Patients with psychotic 
disorder did not show diminished flexibility when shifts in task rules are procedural 
(implicit), but were less flexible when explicit rules for responding change. Not all patients 
were impaired on the set-shifting task. Patients showing more set-shifting impairment also 
showed more disorganized speech and behaviour, and more emotional discomfort. 

Contributors to Cognitive Impairment
We then shifted our attention to the determinants of cognitive impairment in patients with 
schizophrenia (chapter 5). At first glance, it may be thought that psychotic episodes are 
responsible for cognitive impairment in schizophrenia. However, there is no convincing 
scientific evidence for this hypothesis (Becker et al., 2010). In addition, cognitive impairments 
have also consistently been reported in first-degree relatives. This indicates that the cognitive 
impairments in schizophrenia cannot be solely attributed to the influence of disease-related 
factors, such as psychotic episodes, hospitalization, unemployment, or medication effects. 
Rather, they may represent genetic risk for development of psychosis. Cognitive profiles in 
unaffected siblings have been found to be of a similar structure as those of their affected 
family member. Various cognitive profiles have been suggested in schizophrenia, but 
these have never been studied in unaffected siblings. We therefore investigated cognitive 
subtypes in siblings, their characteristics, and compared these with the proband (their 
affected family member). We found three subtypes in siblings: normal, mixed, and impaired. 
Siblings with an impaired profile had more subclinical psychotic symptoms, and poorer 
social functioning. Surprisingly, the poorer the cognitive profile of the sibling, the higher 
the level of correspondence with the cognitive profile of their proband. In addition, the 
siblings’ cognitive subtype was predictive of disease course in the proband. The probands 
of siblings with cognitive impairment were overall more impaired than the probands of 
siblings with a different profile. However, these patient groups showed the same relative 
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patt ern of impairment across cogniti ve domains, with the greatest impairment in verbal 
learning and memory, and processing speed, and the least impairment in visuoconstructi on 
and verbal comprehension. Disti nguishing between cogniti ve profi les in unaff ected siblings 
may be of relevance for geneti c studies. Also, the increased expression of endophenotypes 
in certain cogniti ve subtypes may be of importance for the development of more specifi c 
pharmacological drugs, and possibly for predicti ng which siblings are at risk of psychosis. 
Of note, many of the siblings did not show an abnormal cogniti ve profi le, and showed no 
signs of subclinical symptoms. Thus, being a sibling of a pati ent with psychosis does not 
necessarily increase the risk for future development of psychosis. 

Diff erent developmental pathways may precede the fi rst psychosis, long before the fi rst 
signs of the illness become observable. In chapter 6, we evaluated social and academic 
adjustment from childhood to late adolescence, using a commonly used retrospecti ve 
questi onnaire. Cluster analyses resulted in six diff erent profi les of premorbid adjustment 
in pati ents: normal, social intermediate, academic decline, overall decline, overall 
intermediate, and overall impaired. In line with what one would expect, pati ents with a 
normal premorbid profi le were functi oning at higher levels, as compared to pati ents with 
maladjustment already during childhood. Interesti ngly, the pati ents displaying a decline in 
functi oning more oft en had a history of substance disorder (cannabis). They were also more 
likely to be male. The pati ents with a normal or social intermediate profi le had the highest 
levels of intellectual functi on. However, as with the previous chapter, the profi les showed 
the same relati ve patt ern of performance across cogniti ve tasks. Based on the premorbid 
profi le of the pati ent, we also found diff erences between their unaff ected siblings, but less 
between their unaff ected parents. Presence of premorbid maladjustment in the pati ent did 
diff erenti ate between characteristi cs in siblings (subclinical symptoms, early adjustment), 
but this eff ect was not as large as in the pati ent. In additi on, this eff ect was irrespecti ve of 
the pati ent profi le. We concluded that presence of premorbid maladjustment in pati ents is 
associated with familial liability, presumably the result of shared geneti c and environmental 
factors of the sibling with the pati ent.

Cogniti on and Insight
One may think of several consequences impaired cogniti on can have for the pati ent’s life. 
Perhaps the most urgent is that impaired cogniti on hampers return to work (Nuechterlein 
et al., 2011). But impaired cogniti on may also have other consequences. Pati ents with more 
cogniti ve impairment may report less complaints, and their account may diff er from their 
family members and other caretakers. Reduced insight has been found in the majority of 
the pati ents with a psychoti c disorder. Insight in psychosis is a complex, multi dimensional 
construct, and is likely to be infl uenced by multi ple factors. Many studies have found a 
relati onship of insight with traditi onal cogniti ve aspects (e.g. att enti on, working memory), 
neglecti ng the role of social cogniti on (e.g. emoti on percepti on, theory of mind). Social 
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cognition can be defined as “the ability to construct representations of the relations 
between oneself and others and to use those representations flexibly to guide social 
behaviour” (Adolphs, 2001). A difficulty in adopting other mental perspectives, i.e. with 
seeing the world as others do, may particularly be associated with understanding one’s own 
condition (David, 1999). A number of studies have found social cognition to be related to 
insight (Langdon et al., 2009; Bora et al., 2007), but these studies did not correct for the 
contribution of traditional cognitive aspects. In chapter 7, we found that deficits in social 
cognition show a unique relationship with insight, over and above the role of other cognitive 
aspects. Therefore, next to attending, memorizing and planning, successful perception and 
interpretation of social-emotional information may be required for insight. We also studied 
whether patients with more cognitive impairment were less able to improve their insight 
over time. Studying the natural course of insight (chapter 8), we found that patients having 
better cognitive abilities and fewer clinical symptoms at baseline were more likely to be 
improved in terms of insight after three years.   

Implications for Future Research
The GROUP project, set up in 2004, is one of the largest multi-site studies of schizophrenia 
to date. The current thesis primarily focused on the baseline results of this study, with a 
specific focus on cognitive functioning, its structure, and clinical correlates. The duration of 
the cognitive battery was approximately one hour per subject, and thereby it compromised 
a large part of the total assessment time. Cognitive tasks loading on previously described 
and validated domains were selected for inclusion in the battery (Nuechterlein et al., 2004). 

Heterogeneity was a common denominator for performance of patients on experimental 
tasks, awareness of illness, premorbid adjustment, and even for cognitive functioning in 
unaffected siblings. For future studies, it may be beneficial to investigate profiles of patients, 
since these are based on multiple instead of single characteristics. This may lead to more 
homogeneous subtypes, which can contribute to our understanding of the etiology of 
schizophrenia and related psychoses. The patients had a cognitive profile that was in line 
with earlier findings (Palmer et al., 2009). The structure of this profile persisted in the 
subgroups, which were based on cognitive functioning of the unaffected sibling (chapter 
5), and premorbid functioning of the patient (chapter 6). From the current thesis it follows 
that for clinical neuropsychological evaluations, it may not yet be possible to characterize a 
cognitive profile that uniquely fits to all patients with psychosis. For the fifth edition of the 
Diagnostic and Statistical Manual of Mental Disorders, it has been proposed to describe 
cognitive impairment in schizophrenia and related psychoses in terms of severity (http://
www.dsm5.org/ProposedRevision). Such a quantification may be the best way to describe 
cognitive impairment, for the time being. 

As has been found in earlier studies, a portion of the patients performed within ‘normal 
limits’. However, this does not mean that they are neuropsychologically normal. Viewing 
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the GROUP baseline results on the cogniti ve batt ery, pati ents consistently performed at 
poorer levels, as compared to their unaff ected siblings (Meijer et al., 2011). In additi on, the 
best performing pati ents in chapter 5 had siblings with far bett er performances. So, some 
pati ents may show performance levels within normal limits, but nevertheless perform below 
their expected levels. In certain situati ons, the availability of assessing an unaff ected sibling 
may be of benefi t in order to compare the pati ent with an esti mated profi le of cogniti ve 
functi oning, and possibly, this may give the clinician more informati on about the course of 
illness in the pati ent.

It should be noted that similariti es in structure of cogniti ve functi oning do not indicate 
similar underlying geneti c and environmental factors. In pati ents showing decline in 
premorbid adjustment, cannabis sensiti vity may play a more prominent role, and may 
result in cogniti ve impairment. In pati ents with early maladjustment, geneti c and perinatal 
factors may cause developmental arrest of cogniti ve functi on. Using profi les, we were able 
to confi rm that cogniti ve impairments are not solely the result of disease-related factors 
(e.g. medicati on eff ects). Future studies should investi gate the longitudinal course of 
profi les into more detail. For example, it would be interesti ng to study whether the profi les 
characterized by decline in adjustment are accompanied by progressive cogniti ve decline, 
found in a subgroup of pati ents (Andreasen et al., 2011). Further, the familial factors that are 
linked to premorbid adjustment in pati ents need to be studied in more detail. The GROUP 
project is currently analysing data on the follow-up assessments. These can be used in 
order to address a number of the abovementi oned questi ons, which may contribute to our 
understanding of schizophrenia.

A number of limitati ons of the current thesis should be noted. Firstly, our cogniti ve 
batt ery was comprehensive, but not complete. A measure of visual learning was not 
included. Also, a number of the cogniti ve domains were indexed by single tests. In some 
cases, this may lead to data interpretati on problems. For instance, it is well-described that 
the WAIS-III Digit Symbol Coding task not only measures processing speed, but also working 
memory, visual scanning etc. For an adequate assessment of processing speed, this problem 
may have been circumvented would we had included other tests to index this domain (i.e. 
the Trail Making Test – A). 

It may also be possible that we have overlooked other issues in the interpretati on of 
our results. It has been suggested that task performance of schizophrenia pati ents on more 
challenging cogniti ve tasks is infl uenced by ‘energeti c’ processes, next to computati onal (or 
normal informati on) processes (Gorissen et al., 2004; Schmand et al., 1994; Granholm et 
al., 2007). Applying this theory to the outcomes of chapter 3, energeti c processes would 
explain the performance decrement of the pati ents on the ‘maintenance-and-manipulati on’ 
conditi on. They would also explain the poorer performances of pati ents on more cogniti vely 
demanding tasks such as the WAIS-III Digit Symbol Coding. However, only a few studies 
have investi gated energeti c processes in schizophrenia. The border between the theoreti cal 
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concepts called ‘energetic’ and ‘computational’ processes can in reality be more diffuse, 
as it has not been ruled out that these processes have a similar neurobiological basis. For 
example, one of the causes of failure in energetic processes has been suggested to be the 
‘frontal lobe syndrome’ present in schizophrenia patients (Gorissen et al., 2004). The same 
syndrome may explain failure of computational processes as well. In addition, it remains 
unclear how energetic processes would explain cognitive alterations in non-affected 
relatives. Energetic processes contributing to poor neuropsychological task performance in 
schizophrenia need further verification.

Much progress is currently being made in the development of new cognitive tests for 
schizophrenia research (Nuechterlein et al., 2011; Gold et al., 2011). Many of these new 
cognitive tests were not yet available at the time of the baseline assessment of the GROUP 
study. For future genetic studies, it may be interesting to include more experimental tasks, 
such as the Response Set-shifting Test, and the Delayed Matching-to-Sample Test. These 
tasks have the advantage that they measure more discrete functions, which could address 
the problem of heterogeneity in schizophrenia more adequately. 

Implications for Treatment
Given the high prevalence of cognitive impairment in schizophrenia and its substantial 
impact on outcome, treating cognitive impairment has received increased attention during 
the last several years (Nuechterlein et al., 2011; McGurk et al., 2007), So far, pharmacological 
treatments have had limited success in improving cognitive function in schizophrenia (Rund 
and Borg, 1999; Marder, 2006). Cognitive remediation (CR) is a psycho-social intervention 
which is specifically focused on cognitive processes (e.g. attention, verbal learning and 
memory, executive functioning), and intends to improve functioning at the level of cognitive 
performance, daily living, or vocational skills (NICE, 2009). A range of CR studies have been 
conducted during the past 40 years, and these have used different treatment approaches. A 
substantial number of the CR studies for schizophrenia patients have shown improvements 
on cognitive measures. However, there is too little evidence to conclude that CR improves 
functional outcome (NICE, 2009; Dixon et al., 2009; NVvP, 2012), although it may be effective 
in combination with psychosocial rehabilitation (McGurk et al., 2007). An exception to this 
is Cognitive Adaptation Training, a program that uses environmental supports to bypass 
cognitive impairments (Velligan et al., 2000; Velligan et al., 2002; NICE, 2009). The official 
guidelines for the treatment of schizophrenia do not yet recommend CR as an effective 
intervention (Dixon et al., 2009; NICE, 2009; NVvP, 2012). 

Nevertheless, the current thesis offers several opportunities for the treatment of 
individuals with schizophrenia and related psychotic disorders. With regard to working 
memory (WM), treatments may need to incorporate methods that reduce the impact of WM 
impairment. For instance, during psycho-education, new information presented verbally 
may need to be supported using visual material (e.g. hand-outs, posters). Clinicians may also 
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consider reducing their rate of instructi on, leaving more cogniti ve space left  for informati on 
processing. Some of the pati ents with schizophrenia also show mental fl exibility problems. 
These pati ents may benefi t from a higher level of structure (i.e. stable living environment, 
fi xed appointments, and schedules). 

Profi ling pati ents may ulti mately lead to more individualized treatments of pati ents 
with schizophrenia, and other psychiatric illnesses. A profi le of cogniti on may help to 
identi fy pati ents eligible for a CR treatment programme. It can also inform the clinician, 
family member, or other actors about the relati ve strengths and weaknesses of the pati ent. 
Pati ents with cogniti ve functi oning within normal limits may have a less chronic course, and 
may therefore need a diff erent treatment approach. Profi ling by premorbid adjustment can 
be of benefi t to identi fy individuals at a higher risk for future development of psychosis. 
For instance, individuals with rapid decline in academic functi oning may require remedial 
teaching, in order to graduate from school. Individuals with social decline may benefi t from 
peer support groups, or other psycho-social interventi ons. 

Treatments that aim to improve insight need to consider the pati ents’ cogniti ve 
functi oning, in additi on to clinical symptoms. Hypotheti cally, improving cogniti ve functi oning 
and decreasing clinical symptoms may ulti mately lead to improvements of insight over ti me. 
It may also be possible to target these factors together with insight in one treatment. An 
example of such a multi -faceted treatment program is called REFLEX (Pijnenborg et al., 
2011). 

To conclude
The current thesis describes a number of new fi ndings on cogniti ve functi oning in 
schizophrenia and psychoses. Working memory impairment is more than the sum of its 
components. Explicit set-shift ing mechanisms are the major contributor for the loss of 
mental fl exibility. Unaff ected siblings vary largely in their cogniti ve functi oning. The more 
cogniti vely impaired the unaff ected sibling, the more they resemble the cogniti ve profi le 
of their aff ected family member. This yields possibiliti es to study the geneti c underpinnings 
of cogniti ve endophenotypes in more detail. Heterogeneity characterizes the premorbid 
trajectories leading to the onset of the fi rst psychosis. Profi ling premorbid adjustment in 
pati ents adds predicti ve value to later cogniti ve functi oning and disease severity. To gain 
more insight into insight, it is pivotal to take into account – next to clinical symptoms and 
traditi onal aspects of cogniti on - social cogniti on. Finally, the persistence of impaired insight 
cannot be ascribed merely to the traditi onal cogniti ve aspects.   
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Cognitief functioneren bij schizofrenie: structuur en klinische correlaten 
Dit proefschrift gaat over het cognitieve functioneren van patiënten met schizofrenie.  
Schizofrenie en verwante psychosen behoren tot de ernstige psychiatrische aandoeningen 
en ze komen bij ongeveer 1,5 procent van de bevolking voor. Schizofrenie kenmerkt zich 
door de aanwezigheid van positieve symptomen en/of negatieve symptomen. Positieve 
symptomen zijn verschijnselen die duidelijk aanwezig zijn bij het gedrag zoals waanideeën 
of hallucinaties (stemmen horen). Negatieve symptomen zijn verschijnselen die verwijzen 
naar de afwezigheid van iets, zoals minder sociale interesse en een vervlakt gevoelsleven. 
Naast deze symptomen hebben veel mensen met een psychose te kampen met verminderde 
cognitieve vermogens. Dit wil zeggen dat ze moeite kunnen hebben de aandacht ergens 
bij te houden, of moeilijker nieuwe informatie tot zich kunnen nemen. Cognitieve 
functiestoornissen zijn voor een groot gedeelte verantwoordelijk voor de problemen die 
deze patiënten in het dagelijks leven ondervinden. In wezen behoren ze tot de kern van de 
aandoening, niet alleen vanwege hun klinische relevantie, maar ook omdat ze dichter bij de 
genetische kwetsbaarheid liggen. Cognitief functioneren wordt gemeten door middel van 
opdrachten of tests, waarbij de proefpersoon wordt gevraagd een bepaalde prestatie te 
leveren, al dan niet onder tijdsdruk. 

Er zijn nog veel onduidelijkheden over het cognitieve functioneren. We weten bijvoorbeeld 
nog niet goed of bepaalde deelgebieden van cognitie meer beschadigd zijn dan andere. 
Hoe meer beschadigd een bepaald deelgebied is, hoe meer het een impact kan hebben 
op het alledaagse leven. En wellicht kunnen ernstigere beschadigingen tevens leiden tot 
een verminderd besef van - of inzicht in - het hebben van een aandoening. Ook is het 
nog onduidelijk hoe we cognitieve veranderingen bij broers en zussen van mensen met 
schizofrenie moeten zien. 
Patiënten met schizofrenie kunnen zeer verschillend presteren op cognitieve tests; dit geldt 
wellicht ook voor hun familieleden waarmee ze veel genetisch materiaal delen. Er zijn 
aanwijzingen dat de verschillen tussen patiënten met schizofrenie al bestaan voor aanvang
van de aandoening. Mogelijk verklaart dit ook waarom patiënten met schizofrenie zo 
verschillend zijn als het gaat om hun ziektebeloop, maar ook wanneer het gaat om hun 
cognitieve prestaties. 

In hoofdstuk 2 wordt het project Genetic Risk and Outcome of Psychosis (GROUP) 
beschreven, waarvan de eerste meting de basis vormt voor dit proefschrift. Het GROUP 
project is erin geslaagd om maar liefst 1120 patiënten, 1057 broers/zussen, 919 ouders 
en 590 controles te includeren in de studie. Het project is opgezet om meer inzicht te 
verschaffen in risicofactoren bij psychotische aandoeningen, en de variatie in het beloop van 
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de aandoening. Er werd onder andere een testbatterij afgenomen om bij de geïncludeerde 
populaties het cognitieve functioneren in kaart te brengen. Deze batterij mat 7 cognitieve 
gebieden die veel worden beschreven in de literatuur: snelheid van informatieverwerking, 
aandacht, werkgeheugen, verbaal geheugen, verbaal begrip, problemen oplossen en 
redeneren en sociale cognitie.

hoofdstuk 3 beschrijft een onderzoek naar deelgebieden van het ‘werkgeheugen’ bij 
schizofrenie. Werkgeheugen bestaat uit het kort vasthouden en bewerken van informatie 
(bijv. hoofdrekenen). Hierbij moet er in de hersenen een bepaalde bewerking plaatsvinden 
van informatie, die tevens een korte tijd ‘online’ dient te worden gehouden. Volgens sommige 
onderzoekers is het vooral het manipuleren dat problematisch verloopt bij patiënten met 
schizofrenie. Patiënten zouden dus vooral problemen hebben met de rekensom zelf, terwijl 
ze geen moeite zouden hebben met het nazeggen van de som. Deze onderzoekers hadden 
echter niet de deelgebieden van het werkgeheugen afzonderlijk van elkaar bestudeerd. 
In onze studie lieten we zien dat noch het bewerken noch het vasthouden van informatie 
een probleem vormt bij schizofrenie. Wel is het zo dat patiënten het minder goed doen 
op werkgeheugentaken. Maar dit heeft waarschijnlijk te maken met factoren die niet tot 
het werkgeheugen zelf kunnen worden gerekend, zoals moeilijkheid van de taak, en het 
goed kunnen ordenen van binnenkomende prikkels, een voorwaarde om nieuwe informatie 
überhaupt goed te kunnen vasthouden. Een ander gebied dat onder de loep werd genomen 
was ‘problemen oplossen en redeneren’. Hierbij kan worden gedacht aan het omschakelen 
van de ene naar de andere situatie, waar patiënten met schizofrenie problemen mee zouden 
kunnen hebben. 

In hoofdstuk 4 werd gekeken waar moeite met omschakelen mee te maken heeft. Uit het 
onderzoek bleek, dat patiënten nog wel goed in staat zijn om veranderingen van bepaalde 
handelingen op te volgen. Wanneer zij worden gevraagd om hun werkwijze te veranderen 
(bijv. door feedback te krijgen op de gehanteerde werkwijze), dan zijn ze minder goed in 
staat om hier gebruik van te maken. Niet alle patiënten hadden moeite met omschakelen. 
Waren patiënten minder flexibel, dan uitte zich dit in gedesorganiseerde spraak en gedrag. 

Het cognitieve presteren bij schizofrenie blijkt op bepaalde gebieden zo achtergesteld, 
dat we kunnen spreken van een stoornis (bijv. werkgeheugen). Op andere gebieden zien 
we tevens een achterstand, doch minder sterk (bijv. problemen oplossen en redeneren). 
Opvallend is dat er ook veel verschillen bestaan tussen patiënten onderling. Het is de vraag 
welke factoren hieraan bijdragen. Een aantal studies hebben geprobeerd om op basis van 
het cognitieve profiel verschillende subtypen van patiënten te vormen. Deze cognitieve 
subtypen zouden meer overeenkomstige genetische afwijkingen hebben. Het is nog 
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onduidelijk of deze subtypen ook kunnen worden teruggevonden bij broers en zussen van 
schizofreniepatiënten, die voor een belangrijk deel met hun zieke familielid overeenkomen. 
In hoofdstuk 5 werd daarom gekeken naar verschillende cognitieve profielen bij broers en 
zussen van schizofreniepatiënten. Er werden drie profielen gevonden: normaal, gemengd 
en gestoord. Broers/zussen met een gestoord profiel hadden meer subklinische symptomen 
en functioneerden in het dagelijks leven minder goed. Opvallend was dat hoe slechter het 
cognitieve profiel van de broer/zus, hoe meer dit in overeenstemming was met het profiel 
van hun zieke familielid. Daarnaast gaf het profiel van de broer/zus informatie over het 
ziektebeloop van hun familielid. We concludeerden dat het maken van onderscheid tussen 
cognitieve subtypen van nut kan zijn bij genetica studies, en de ontwikkeling van betere 
medicijnen. Verder, het hebben van een familielid met schizofrenie hoeft niet voor iedere 
broer/zus te betekenen dat zij verhoogd risico lopen voor het krijgen van een psychose in 
de toekomst. 

Een andere factor die kan bijdragen aan de verschillen tussen patiënten op cognitief gebied 
is het functioneren voor aanvang van de ziekte. In hoofdstuk 6 zagen we zes verschillende 
patiëntengroepen met elk een verschillend beloop voor aanvang van de psychose. Bij 
sommige patiënten zagen we dat er op hele vroege leeftijd al, in meer of mindere mate, 
functioneringsproblemen op school en sociaal gebied waren. Deze patiënten gingen op 
jonge leeftijd vaker naar het speciaal onderwijs. Bij een tweede patiëntengroep namen de 
functioneringsproblemen in de loop van de tijd toe. Opvallend was dat deze problematiek 
vaker voorkwam bij mannelijke patiënten. Wanneer er geen sociale aanpassingsproblemen 
waren was er bovendien in het verleden vaker sprake van een cannabismisbruik of –
afhankelijkheid diagnose. Bij een derde groep was het functioneren tot het 19e levensjaar 
vrij normaal, of kenmerkte zich alleen door milde sociale aanpassingsproblemen. Deze 
groepen functioneerden na het ontstaan van hun aandoening beter dan de andere groepen, 
ook op cognitief gebied. Verder waren er op dit gebied vrij weinig verschillen tussen de 
zes patiëntengroepen. De gebieden met de meeste beschadiging waren snelheid van 
informatieverwerking en verbaal geheugen, terwijl het verbaal begrip minder beschadigd 
was. Mogelijk zijn de ontwikkelingsprofielen minder van invloed op het cognitieve profiel en 
is het meer de aandoening zelf die het cognitieve profiel veroorzaakt. 

In vele onderzoeken is aangetoond dat het cognitieve functioneren van patiënten met 
schizofrenie een aanzienlijke impact heeft op hun dagelijkse leven. Maar het kan ook van 
invloed zijn op het besef een psychische aandoening te hebben. Het onderwerp ziekte-inzicht 
staat momenteel erg in de belangstelling, mede omdat een beter ziekte-inzicht kan leiden 
tot een beter behandelresultaat. In hoofdstuk 7 lieten we zien dat tekorten in het ziekte-
inzicht voor een gedeelte te maken heeft met cognitieve functiestoornissen. Met name 
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het sociaal inlevingsvermogen (‘sociale cognitie’) speelt hierbij een rol: door andermans 
ogen naar een situatie kunnen kijken, gaat op een bepaalde manier samen met goed 
inzicht in eigen problematiek. In hoofdstuk 8 werd gekeken of het cognitief functioneren 
ook veranderingen in het ziekte-inzicht kan voorspellen. Patiënten die cognitief beter 
functioneerden hadden na drie jaar een beter ziekte-inzicht. Waarschijnlijk heeft dit ermee 
te maken dat deze patiënten een beter beloop hebben, en meer kunnen profiteren van de 
reguliere behandelingen. Opvallend was dat meer sociale cognitie geen rol speelde bij het 
voorspellen van veranderingen in ziekte-inzicht.

In hoofdstuk 9 worden de belangrijkste bevindingen uit dit proefschrift samengevat en 
besproken. De bevindingen uit dit proefschrift kunnen bijdragen aan onze kennis over het 
cognitieve functioneren bij schizofrenie. Belangrijk is nu om enerzijds specifiekere tests te 
ontwikkelen, en anderzijds meer individueel gerichte behandelingen te ontwikkelen voor 
deze heterogene aandoening om uiteindelijk de patiëntenzorg te verbeteren. 
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Cognitief functioneren bij schizofrenie: structuur en klinische correlaten 
Dit proefschrift gaat over het cognitieve functioneren van patiënten met schizofrenie.  
Schizofrenie en verwante psychosen behoren tot de ernstige psychiatrische aandoeningen 
en ze komen bij ongeveer 1,5 procent van de bevolking voor. Schizofrenie kenmerkt zich 
door de aanwezigheid van positieve symptomen en/of negatieve symptomen. Positieve 
symptomen zijn verschijnselen die duidelijk aanwezig zijn bij het gedrag zoals waanideeën 
of hallucinaties (stemmen horen). Negatieve symptomen zijn verschijnselen die verwijzen 
naar de afwezigheid van iets, zoals minder sociale interesse en een vervlakt gevoelsleven. 
Naast deze symptomen hebben veel mensen met een psychose te kampen met verminderde 
cognitieve vermogens. Dit wil zeggen dat ze moeite kunnen hebben de aandacht ergens 
bij te houden, of moeilijker nieuwe informatie tot zich kunnen nemen. Cognitieve 
functiestoornissen zijn voor een groot gedeelte verantwoordelijk voor de problemen die 
deze patiënten in het dagelijks leven ondervinden. In wezen behoren ze tot de kern van de 
aandoening, niet alleen vanwege hun klinische relevantie, maar ook omdat ze dichter bij de 
genetische kwetsbaarheid liggen. Cognitief functioneren wordt gemeten door middel van 
opdrachten of tests, waarbij de proefpersoon wordt gevraagd een bepaalde prestatie te 
leveren, al dan niet onder tijdsdruk. 

Er zijn nog veel onduidelijkheden over het cognitieve functioneren. We weten bijvoorbeeld 
nog niet goed of bepaalde deelgebieden van cognitie meer beschadigd zijn dan andere. 
Hoe meer beschadigd een bepaald deelgebied is, hoe meer het een impact kan hebben 
op het alledaagse leven. En wellicht kunnen ernstigere beschadigingen tevens leiden tot 
een verminderd besef van - of inzicht in - het hebben van een aandoening. Ook is het 
nog onduidelijk hoe we cognitieve veranderingen bij broers en zussen van mensen met 
schizofrenie moeten zien. 
Patiënten met schizofrenie kunnen zeer verschillend presteren op cognitieve tests; dit geldt 
wellicht ook voor hun familieleden waarmee ze veel genetisch materiaal delen. Er zijn 
aanwijzingen dat de verschillen tussen patiënten met schizofrenie al bestaan voor aanvang
van de aandoening. Mogelijk verklaart dit ook waarom patiënten met schizofrenie zo 
verschillend zijn als het gaat om hun ziektebeloop, maar ook wanneer het gaat om hun 
cognitieve prestaties. 

In hoofdstuk 2 wordt het project Genetic Risk and Outcome of Psychosis (GROUP) 
beschreven, waarvan de eerste meting de basis vormt voor dit proefschrift. Het GROUP 
project is erin geslaagd om maar liefst 1120 patiënten, 1057 broers/zussen, 919 ouders 
en 590 controles te includeren in de studie. Het project is opgezet om meer inzicht te 
verschaffen in risicofactoren bij psychotische aandoeningen, en de variatie in het beloop van 
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de aandoening. Er werd onder andere een testbatterij afgenomen om bij de geïncludeerde 
populaties het cognitieve functioneren in kaart te brengen. Deze batterij mat 7 cognitieve 
gebieden die veel worden beschreven in de literatuur: snelheid van informatieverwerking, 
aandacht, werkgeheugen, verbaal geheugen, verbaal begrip, problemen oplossen en 
redeneren en sociale cognitie.

hoofdstuk 3 beschrijft een onderzoek naar deelgebieden van het ‘werkgeheugen’ bij 
schizofrenie. Werkgeheugen bestaat uit het kort vasthouden en bewerken van informatie 
(bijv. hoofdrekenen). Hierbij moet er in de hersenen een bepaalde bewerking plaatsvinden 
van informatie, die tevens een korte tijd ‘online’ dient te worden gehouden. Volgens sommige 
onderzoekers is het vooral het manipuleren dat problematisch verloopt bij patiënten met 
schizofrenie. Patiënten zouden dus vooral problemen hebben met de rekensom zelf, terwijl 
ze geen moeite zouden hebben met het nazeggen van de som. Deze onderzoekers hadden 
echter niet de deelgebieden van het werkgeheugen afzonderlijk van elkaar bestudeerd. 
In onze studie lieten we zien dat noch het bewerken noch het vasthouden van informatie 
een probleem vormt bij schizofrenie. Wel is het zo dat patiënten het minder goed doen 
op werkgeheugentaken. Maar dit heeft waarschijnlijk te maken met factoren die niet tot 
het werkgeheugen zelf kunnen worden gerekend, zoals moeilijkheid van de taak, en het 
goed kunnen ordenen van binnenkomende prikkels, een voorwaarde om nieuwe informatie 
überhaupt goed te kunnen vasthouden. Een ander gebied dat onder de loep werd genomen 
was ‘problemen oplossen en redeneren’. Hierbij kan worden gedacht aan het omschakelen 
van de ene naar de andere situatie, waar patiënten met schizofrenie problemen mee zouden 
kunnen hebben. 

In hoofdstuk 4 werd gekeken waar moeite met omschakelen mee te maken heeft. Uit het 
onderzoek bleek, dat patiënten nog wel goed in staat zijn om veranderingen van bepaalde 
handelingen op te volgen. Wanneer zij worden gevraagd om hun werkwijze te veranderen 
(bijv. door feedback te krijgen op de gehanteerde werkwijze), dan zijn ze minder goed in 
staat om hier gebruik van te maken. Niet alle patiënten hadden moeite met omschakelen. 
Waren patiënten minder flexibel, dan uitte zich dit in gedesorganiseerde spraak en gedrag. 

Het cognitieve presteren bij schizofrenie blijkt op bepaalde gebieden zo achtergesteld, 
dat we kunnen spreken van een stoornis (bijv. werkgeheugen). Op andere gebieden zien 
we tevens een achterstand, doch minder sterk (bijv. problemen oplossen en redeneren). 
Opvallend is dat er ook veel verschillen bestaan tussen patiënten onderling. Het is de vraag 
welke factoren hieraan bijdragen. Een aantal studies hebben geprobeerd om op basis van 
het cognitieve profiel verschillende subtypen van patiënten te vormen. Deze cognitieve 
subtypen zouden meer overeenkomstige genetische afwijkingen hebben. Het is nog 
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onduidelijk of deze subtypen ook kunnen worden teruggevonden bij broers en zussen van 
schizofreniepatiënten, die voor een belangrijk deel met hun zieke familielid overeenkomen. 
In hoofdstuk 5 werd daarom gekeken naar verschillende cognitieve profielen bij broers en 
zussen van schizofreniepatiënten. Er werden drie profielen gevonden: normaal, gemengd 
en gestoord. Broers/zussen met een gestoord profiel hadden meer subklinische symptomen 
en functioneerden in het dagelijks leven minder goed. Opvallend was dat hoe slechter het 
cognitieve profiel van de broer/zus, hoe meer dit in overeenstemming was met het profiel 
van hun zieke familielid. Daarnaast gaf het profiel van de broer/zus informatie over het 
ziektebeloop van hun familielid. We concludeerden dat het maken van onderscheid tussen 
cognitieve subtypen van nut kan zijn bij genetica studies, en de ontwikkeling van betere 
medicijnen. Verder, het hebben van een familielid met schizofrenie hoeft niet voor iedere 
broer/zus te betekenen dat zij verhoogd risico lopen voor het krijgen van een psychose in 
de toekomst. 

Een andere factor die kan bijdragen aan de verschillen tussen patiënten op cognitief gebied 
is het functioneren voor aanvang van de ziekte. In hoofdstuk 6 zagen we zes verschillende 
patiëntengroepen met elk een verschillend beloop voor aanvang van de psychose. Bij 
sommige patiënten zagen we dat er op hele vroege leeftijd al, in meer of mindere mate, 
functioneringsproblemen op school en sociaal gebied waren. Deze patiënten gingen op 
jonge leeftijd vaker naar het speciaal onderwijs. Bij een tweede patiëntengroep namen de 
functioneringsproblemen in de loop van de tijd toe. Opvallend was dat deze problematiek 
vaker voorkwam bij mannelijke patiënten. Wanneer er geen sociale aanpassingsproblemen 
waren was er bovendien in het verleden vaker sprake van een cannabismisbruik of –
afhankelijkheid diagnose. Bij een derde groep was het functioneren tot het 19e levensjaar 
vrij normaal, of kenmerkte zich alleen door milde sociale aanpassingsproblemen. Deze 
groepen functioneerden na het ontstaan van hun aandoening beter dan de andere groepen, 
ook op cognitief gebied. Verder waren er op dit gebied vrij weinig verschillen tussen de 
zes patiëntengroepen. De gebieden met de meeste beschadiging waren snelheid van 
informatieverwerking en verbaal geheugen, terwijl het verbaal begrip minder beschadigd 
was. Mogelijk zijn de ontwikkelingsprofielen minder van invloed op het cognitieve profiel en 
is het meer de aandoening zelf die het cognitieve profiel veroorzaakt. 

In vele onderzoeken is aangetoond dat het cognitieve functioneren van patiënten met 
schizofrenie een aanzienlijke impact heeft op hun dagelijkse leven. Maar het kan ook van 
invloed zijn op het besef een psychische aandoening te hebben. Het onderwerp ziekte-inzicht 
staat momenteel erg in de belangstelling, mede omdat een beter ziekte-inzicht kan leiden 
tot een beter behandelresultaat. In hoofdstuk 7 lieten we zien dat tekorten in het ziekte-
inzicht voor een gedeelte te maken heeft met cognitieve functiestoornissen. Met name 
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het sociaal inlevingsvermogen (‘sociale cognitie’) speelt hierbij een rol: door andermans 
ogen naar een situatie kunnen kijken, gaat op een bepaalde manier samen met goed 
inzicht in eigen problematiek. In hoofdstuk 8 werd gekeken of het cognitief functioneren 
ook veranderingen in het ziekte-inzicht kan voorspellen. Patiënten die cognitief beter 
functioneerden hadden na drie jaar een beter ziekte-inzicht. Waarschijnlijk heeft dit ermee 
te maken dat deze patiënten een beter beloop hebben, en meer kunnen profiteren van de 
reguliere behandelingen. Opvallend was dat meer sociale cognitie geen rol speelde bij het 
voorspellen van veranderingen in ziekte-inzicht.

In hoofdstuk 9 worden de belangrijkste bevindingen uit dit proefschrift samengevat en 
besproken. De bevindingen uit dit proefschrift kunnen bijdragen aan onze kennis over het 
cognitieve functioneren bij schizofrenie. Belangrijk is nu om enerzijds specifiekere tests te 
ontwikkelen, en anderzijds meer individueel gerichte behandelingen te ontwikkelen voor 
deze heterogene aandoening om uiteindelijk de patiëntenzorg te verbeteren. 
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