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Like every organism, humans interact with their environment. The environment can 
affect the individual, and likewise the individual can affect its environment. For exam-
ple, the temperature of the environment affects the level of physical activity of a person 
and physical activity affects the temperature of the environment. Adaptation to the 
environment is a crucial part of evolution and continued existence. However, some-
times this adaptation may become inappropriate in a new environment: growing up in a 
hostile environment leads to behavioral changes, which may differ between persons: 
some may develop aggressive behavior, others may develop withdrawal behavior. 
Withdrawal from social interaction may result in less developed social skills; when the 
hostile environment is replaced by a friendlier climate, which invites for more interac-
tion, the person with less developed social skills may still feel the need to withdraw, 
because he has not learned to interact with others, which in the new context is less 
adequate. The same can be argued in the case of aggressive behavior: aggressive be-
havior is not appropriate in a caring environment.  

When evaluating a person with a psychiatric disorder, the environment, family histo-
ry, and personal history always should be considered, because these could help to form 
a hypothesis of the mechanisms contributing to the development and persistence of 
the disorder. In this thesis known environmental risk factors for psychotic disorder were 
examined and an attempt was made to unravel how these environmental risk factors 
may contribute to psychotic disorder. First, epidemiological and ecological approaches 
were used to study environmental risk factors for psychotic disorder. Second a multi-
modal approach was applied, in which neuroimaging phenotypes and epidemiology 
were combined to study these risk factors. 

PSYCHOTIC DISORDER 

Psychotic disorder comprises several behavioral phenotypes in which perceptual altera-
tions and salience dysregulation often exist in the form of hallucinations and delusions. 
In addition, motor symptoms are present and cognitive alterations, such as impaired 
memory, attention or executive functioning, and affective disturbances, both depres-
sive and manic symptoms, are features during all phases of a psychotic disorder (1, 2). 
Beside these so-called positive symptoms, there are also negative symptoms referring 
to the lack of common behaviors or functions e.g. a flattening of affect or the impaired 
ability to begin and sustain planned activities.  

Schizophrenia is the most known of all psychotic disorders and has the infamous 
connotation of a severe mental illness from which you can hardly recover. However, this 
statement does not match the data available on the course of psychosis. Remission 
rates of 17% to 78% in first episode schizophrenia and 16% to 62% in multiple episode 
schizophrenia have been reported (3). Remission is often defined by clinical (sympto-
matic) measures and important aspects of recovery like personal wellbeing or social 
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functioning are less frequently assessed in research (4). This, while evidence shows that 
symptomatic and functional remission are not highly correlated(5). The lifetime preva-
lence of schizophrenia is estimated at 0.4% (6), while the prevalence of subclinical psy-
chotic experiences is approximately 5% (7). Environmental risk factors are likely to play 
an important role in the transition from subclinical psychotic symptoms to a clinical 
psychotic disorder.  

ETIOLOGY 

The etiology of psychotic disorder is complex and multifactorial. The concordance rate 
for monozygotic twins, who share 100% of their genes, is approximately 50% (8, 9). 
With the emergence of genome-wide association studies (GWAS) and copy number 
variant (CNV) analysis, knowledge of the genetic basis of psychotic disorder has ex-
panded rapidly over the last decade (10). Psychotic disorder is a highly polygenic disor-
der and risk genes and alleles are shared with other psychiatric disorders, e.g. bipolar 
disorder (10). Sensitivity for environmental risk factors is determined by the genetic 
background, gene X environment interaction (G × E). Well-known environmental risk 
factors for psychotic disorder are childhood urbanicity, childhood trauma, social defeat 
and cannabis (11). Further, obstetric complications (12) are risk factors for psychotic 
disorders, although not all studies could replicate earlier findings (13). 

The combination of exposure to environmental risk factors and a genetic liability for 
psychotic disorder is thought to result in increased mesolimbic dopamine reactivity, 
altered saliency and ultimately in psychotic symptoms, though dopamine is not the only 
neurotransmitter involved in psychotic disorders (11, 14-16). In this thesis, the following 
environmental risk factors are discussed: maternal influenza during pregnancy (an ob-
stetric complication), childhood urbanicity (in this thesis the adjectives childhood and 
developmental are equally used when referring to childhood urbanicity), childhood 
trauma and cannabis.  Whether maternal influenza is a true risk factor for psychotic 
disorders is uncertain, studies disagree and there is need for clarification. Childhood 
urbanicity, childhood trauma and cannabis are well known risk factors but the underly-
ing pathologic processes need further clarification. The choice of these risk factors as 
subject for this thesis will be further discussed below. 

In the last decades, abundant numbers of neuroimaging studies have been conduct-
ed in the attempt to uncover neuropathological processes of psychotic disorder. 
Changes in brain volumes (total, gray, white volume, cerebrospinal fluid) and cortical 
thickness (CT), and changes in white matter integrity or connectivity have all been relat-
ed to psychotic disorder (17). In addition, functional and neurotransmitter imaging have 
contributed to the understanding of functional and neurochemical mechanisms under-
lying cognitive processes in psychotic disorder (18-20).  Widespread alterations in struc-
tural and functional networks suggest that multiple brain circuits are affected (21).  
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Brain alterations have long been examined in relative isolation, in that genetic and 
environmental influences, and their interactions were not examined in an integrated 
way with cerebral measures. For example, alterations of gray matter morphology are 
extensively described (22, 23): reductions in CT (24, 25) and reductions of gray matter 
volume (GMV) (26) are found in patients with a psychotic disorder, but much less in 
relation to G x E (27, 28). Thus, it remains to be clarified whether these structural gray 
matter alterations are the result of a disease specific process, disease-related factors 
such as medication, altered neurodevelopment due to genetic liability and/or differen-
tial sensitivity to environmental risks (G x E). 

GENE X ENVIRONMENT INTERACTION 

G x E is thought to be an explanation for the differential sensitivity to the environmental 
risk factors childhood urbanicity (29-31), childhood trauma (32), cannabis (33, 34) and 
obstetric complications (35). Research on G x E interaction is difficult: one cannot ran-
domly assign individuals to higher levels of childhood urbanicity, childhood trauma or 
cannabis. Cannon and colleagues (36) were one of the first to describe a method to facili-
tate G x E research and overcome reporting bias and reverse causality: they used as 
dependent variable a biological measure associated with psychotic disorder, which is 
thought to be impacted by interacting genetic and environmental factors. Further, they 
included siblings in the study population, a group with higher familial (and possibly ge-
netic) risk for psychotic disorder than the average population, but without the disease.  

THE ENVIRONMENT 

Obstetric complications: maternal influenza during pregnancy 

Of all obstetric complications fetal hypoxia is the most well established risk factor for 
psychotic disorder (37). Like other risk factors it appears to be conditional on genetic 
liability for psychotic disorder (37). The evidence for prenatal maternal infection and the 
association with psychotic disorder is inconclusive. Maternal non-specific bacterial, 
respiratory or genital and reproductive infection and specific infection with herpes sim-
plex virus type 2, Toxoplasma Gondii and rubella have been associated with psychotic 
disorders, however there is a large variation in effect size between studies and not all 
studies report significant findings (38). There has been a great interest in maternal in-
fluenza as risk factor for psychotic orders after the publication of two studies from Fin-
land, and England and Wales conducted in 1988 and 1991, which reported an increased 
proportion of schizophrenia diagnoses in patients whose second trimester and fifth 
month of fetal life overlapped with the influenza pandemic of 1957 (39, 40). Other eco-



Chapter 1 

12 

logical studies trying to replicate these findings, did not find an elevated risk of any expo-
sure during pregnancy (41) and a study in which influenza infection was serologically 
confirmed also did not find a significant association (42). Given the high incidence of 
influenza, clarification whether this is a true risk factor for psychotic disorder is needed.  

CHILDHOOD URBANICITY 

There is consistent evidence that urban upbringing is associated with an increased risk 
of developing a psychotic disorder (43). The population attributable risk is approximate-
ly 30% (44, 45), meaning that if we could eliminate urban upbringing as a risk factor 
there would be 30% less cases of psychotic disorder.  The percentage of the global pop-
ulation living in urban areas  is set to increase, from approximately 60% in 2010 to ap-
proximately 70% in 2030 (46), which stresses the urgency of exploring the mechanisms 
linking urban upbringing and psychotic disorder. The vulnerable period of impact is 
specific to childhood and adolescence (47, 48). There is meta-analytic evidence for a 
dose-response relationship between urban upbringing and psychotic disorder (49-51). G 
× E interaction may be present as some studies have shown that the risk of developing a 
psychotic disorder after exposure to an urban environment is higher in persons with 
familial liability for psychotic disorder, than in persons without familial liability (29-31).  

The urban environment is a complex environment, probably consisting of multiple 
risk factors for psychotic disorder. The elements associated with the urban environment 
that mediate the association with psychotic disorder, as well as the neurobiological 
pathways involved, remain largely unknown. Candidate factors include higher levels of 
perceived social isolation in urban areas (52) and greater exposure to social "defeat" 
occasioned for example by higher levels of competition in cities or by discrimina-
tion/social exclusion (53), as well as higher level of pregnancy and birth complications 
(54) or infections, for example influenza, (55) and lower level of prenatal vitamin D (56) 
due to reduced sunlight exposure in urban areas. No single factor, however, has been 
show to mediate the association between urban environment and psychotic disorder. 
One of the mechanisms that can be envisaged, is altered stress processing (57), due to 
higher levels of social defeat (53) in urban areas. Indeed, early life stress has been asso-
ciated with cerebral alterations in humans (58) and in animals (59), through altered 
levels of neurohormones, neurotransmitters, and neurotrophic factors (60). Another 
explanation is the social drift theory: individuals with genetic liability for psychotic dis-
orders are more prone to move to an urban environment. Though, this is unlikely to be 
the only explanation as changes in urbanicity exposure during childhood modify the risk 
of psychotic disorder in adulthood (50). Confounding by drug misuse is unlikely to ex-
plain the association (61), as is confounding by genetic liability to schizophrenia (44). In 
conclusion, the association between urban upbringing and higher risk of developing a 
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psychotic disorder is well established, while the underlying mechanisms and true risk 
factors remain uncertain and need further exploration.  

CHILDHOOD TRAUMA 

Several studies have reported that childhood trauma is associated with the develop-
ment of psychotic disorder in adulthood (32, 62-65). Examples of childhood trauma are 
sexual abuse, physical abuse/neglect and emotional abuse/neglect, and bullying and 
parental death. This evidence is further substantiated by a meta-analysis, which showed 
an overall odd’s ratio of 2.78 for childhood adversities (65). Similar to urban upbringing, 
an estimated population attributable risk of around 30% was found (65). There is evi-
dence for a dose-response relationship between childhood trauma and psychotic disor-
der (66). The association between childhood trauma and psychotic disorder is not spe-
cific: childhood trauma is also associated with other psychiatric disorders, for example 
depressive disorders (67) and substance abuse disorders (68).  

Behavioral sensitization is a proposed mechanism: it has been found that childhood 
trauma in patients with psychotic disorder is associated with increased stress reactivity, 
i.e. a stronger increase in negative emotions and psychotic intensity in reaction to daily 
live stressors (69). This hypothesis is supported by the neurobiological explanation: 
exposure to stress is thought to lead to a blunted cortical dopamine response, this is 
likely to reduce the inhibition of mesolimbic dopamine release and result in increased 
dopamine response to stress (14). Excessive dopamine has been associated with DNA 
damage and apoptosis (70) and stimulation of the dopamine D1 receptor may partici-
pate in dopamine-induced degeneration (71). Exposure to childhood trauma may lead 
to over-reactivity and dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis 
(72), which also affects cerebral development (73).  

Further, a cognitive approach may explain the association between childhood trau-
ma and psychotic disorder: exposure to childhood trauma can lead to negative thoughts 
such as: nobody can be trusted; I am bad. These thoughts may grow into incorrect core 
beliefs about the self, the other and the world, which may lead to incorrect interpreta-
tions of everyday situations and eventually psychotic symptoms in adult life (74). Flash-
backs to trauma may be accompanied by delusions to make a logic explanation for the 
flashbacks (75). 

CANNABIS 

A systematic review (76) revealed an increase in risk of psychotic disorder of about 40% 
in participants who had ever used cannabis. There is evidence for a dose-response rela-
tionship: when the frequency of cannabis use increased, this risk of psychotic disorder 
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could be further elevated (76). Two studies confirmed that cannabis use precedes the 
onset of psychotic disorder (77, 78). Furthermore, cannabis use has been associated 
with an earlier age of onset of psychotic disorder (79) and has been related to the per-
sistence of psychotic symptoms (80). G x E interaction may be present as some studies 
have shown that the risk of developing a psychotic disorder after cannabis use is higher 
in persons with genetic liability for psychotic disorder, than in persons without genetic 
liability (33, 34). The subject of a possible reverse causality has to be taken into account:  
individuals with a liability for psychosis may be more likely to start using cannabis as 
self-medication for early symptoms of psychosis (33). However even if reverse causality 
is one of the mechanisms linking cannabis use and psychotic disorder, cannabis could 
still also be involved in the causal pathway. 

The endocannabinoid system plays an important role in neuronal proliferation, mi-
gration, axonal guidance, positioning of cortical interneurons, and synaptogenesis (81). 
The endocannabinoid hypothesis of psychotic disorder describes the disruption of nor-
mative endocannabinoid signalling, for example by the use of cannabis, during adoles-
cence, which may result in significant disruptions in neurodevelopment and may have 
longstanding consequences on adult brain function. The association between cannabis 
and psychotic disorder can also be explained by the dopamine hypothesis: exposure to 
tetrahydrocannabinol (THC), the active psychotropic ingredient of cannabis, may lead to 
increased striatal dopamine levels (82). Although dopamine is not the only neurotrans-
mitter involved in psychosis, dopamine is still assumed to play an important role in the 
emergence of psychotic symptoms (83). However, research on the association between 
cannabis and dopamine is not univocal: cannabis has been associated with reduced 
striatal dopamine synthesis capacity (84) and with blunting of striatal dopamine release 
(85). Cannabis use (76) has been associated with reductions of CT and GMV (86-88) in 
patients with a psychotic disorder, as well as with reductions of CT in healthy siblings 
(86), which could be the result of the disruption of normal endocannabinoid signalling 
or/and or dopamine induced degeneration.  

THE ENVIRONMENT AND THE BRAIN: GRAY MATTER ALTERATION AS 
THE OUTCOME OF GXE  

Although gene × environment interactions in psychotic disorder have gained great in-
terest (89, 90) the number of G × E studies using structural brain phenotypes as the 
outcome variables is limited (27, 28, 36, 86). Interaction between genetic liability for 
psychotic disorders and obstetric complications has been associated with changes in 
GMV, CSF and hippocampal volumes (27, 36). Interaction between genetic liability for 
psychotic disorders and cannabis has been associated with cortical thinning and white 
matter abnormalities (27, 28). Further, previous analyses from our group showed that 
lower CT was associated with higher levels of childhood trauma in patients with psy-
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chotic disorder, but not siblings (86). To our knowledge there are no studies describing 
interaction between childhood urbanicity and genetic liability for psychotic disorders 
with structural brain phenotypes as the outcome. In this thesis interactions between 
the environmental risk factors childhood urbanicity, childhood trauma and cannabis and 
genetic liability for psychotic disorders were examined. The selected outcome measures 
were CT and GMV.  CT and GMV were chosen because gray matter alterations are bio-
logical phenotypes associated with psychotic disorder and sensitive to the environmen-
tal exposures childhood urbanicity (91), childhood trauma (92, 93), and cannabis (94).  

STUDY DESIGN 

Genetic Risk and Outcome of Psychosis (G.R.O.U.P.) 

Data was collected in multisite, longitudinal, naturalistic cohort study, the Dutch nation-
al Genetic Risk and Outcome in Psychosis (GROUP) project (95).  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. The 
GROUP consortium consists of the academic psychiatric centres of Amsterdam, Gro-
ningen, Maastricht and Utrecht and their affiliated mental health care institutions (in-
cluding some in Belgium). The full sample consisted of 1120 patients diagnosed with a 
non-affective psychotic disorder, 1057 of their siblings, 919 parents of the patients and 
their siblings, and 590 unrelated healthy controls subjects from the general population 
from the Netherlands and Belgium. In Maastricht additional data were collected in an 
add-on longitudinal magnetic resonance imaging (MRI) study. The sample consisted of 
89 patients with a diagnosis of a non-affective psychotic disorder, 95 healthy siblings of 
patients with a diagnosis of a non-affective psychotic disorder, and 87 control subjects. 

Aim and outline of this thesis 

Although there is sufficient evidence that childhood urbanicity, childhood trauma and 
cannabis are risk factors for psychotic disorder, the underlying etiologic processes to 
psychotic disorder need further exploration. Increasing knowledge on the etiology is 
essential for the development of new treatments and prevention.  The overall aim of 
this thesis was to study environmental risk factors for psychotic disorder and potential 
mechanistic pathways of psychotic disorder, with emphasis on childhood urbanicity, but 
also childhood trauma, cannabis and influenza. For that purpose, not one research 
methodology, but different strategies were used: epidemiological, ecological and neu-
roimaging approaches in order to untangle the associations. In addition to patients with 
psychotic disorder, healthy siblings of patients with psychotic disorder were included in 
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most studies. Studying the effects of environmental risk factors in healthy siblings of 
patients with psychotic disorder, is a favorable approach, because healthy siblings share 
a portion of their genes as well as the environment but there is no bias by the (patho-
logic) effects of the psychotic disorder or of the treatment for psychotic disorder.   

In chapter 2 maternal influenza as a risk factor for schizophrenia was studied, not all 
previous studies agree this is a risk factor. A meta-analysis of the studies examining 
birth during the 9-month period after the influenza pandemic of 1957 as a risk factor for 
schizophrenia was performed. 

In chapter 3 to 6 childhood urbanicity is the key topic. Behavioural sensitisation was 
tested as mechanism linking childhood urbanicity to psychotic disorder in chapter 3. 
Previous research revealed that individuals with psychotic disorder show increased emo-
tional reactivity to daily life stressful events compared to individuals without psychotic 
disorder (96). In chapter 3 the experience sampling method (ESM) was used to study 
stress reactivity and its association with psychotic disorder and childhood urbanicity.  

In chapter 4 childhood trauma and childhood urbanicity were examined together. It 
was tested whether childhood urbanicity moderates the association between childhood 
trauma and psychotic disorder and whether childhood urbanicity is associated with 
higher levels of childhood trauma in individuals with psychotic disorder.  

In chapter 5 intergenerational educational achievements in psychotic disorder were 
studied and possible associations between intergenerational educational achievements 
and childhood trauma and childhood urbanicity were examined.  

In the next two chapters a multimodal approach was applied to study environmental 
risk factors: structural neuroimaging data, objective phenotypes of psychotic disorder, 
were combined with epidemiologic data. In chapter 6 cortical thickness as the outcome 
of differential exposure to childhood urbanicity was studied. In chapter 7 gray matter 
volume and exposure to childhood trauma, childhood urbanicity and cannabis were 
studied. Both studies also explored sex differences, since findings of structural altera-
tions seem to be more extensive in the male population with a psychotic disorder (97).  

In chapter 8 the significance of the findings of the various studies in this thesis is dis-
cussed, as well as the clinical implications and recommendations for further research. 
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ABSTRACT 

Background  
Maternal influenza during pregnancy is a controversial risk factor for schizophrenia in 
the child. We conducted a meta-analysis to examine whether birth during the 9-month 
period after the pandemic of 1957 was a risk factor for schizophrenia.  
 
Methods 
Studies that compared the risk of schizophrenia among subjects born after the pandem-
ic with that among those born in corresponding time periods in surrounding years were 
divided into those conducted in the United States, Europe, or Australia (type A studies, 
n 5 8) and those from Japan, where the epidemic came in 2 waves (type B studies, n 5 
3). Other studies examined the risk among subjects born to mothers who were preg-
nant during the pandemic and reported having had influenza (type C studies, n 5 2). 
Relative risks (RRs) were extracted or calculated for each month and/or trimester of 
possible exposure by 2 independent authors. All analyses were performed using a fixed-
effects model.  
 
Results  
The weighted results of the type A studies did not indicate a significantly increased risk 
of schizophrenia among children exposed during any trimester or month of prenatal 
life. Not a single study found a significant first- or second-trimester effect. The mean 
weighted RR for subjects who were in their first, second, or third trimester of prenatal 
life during the pandemic (8 effect sizes) was 0.91 (95% confidence interval [CI]: 0.85–
0.98), 1.00 (95% CI: 0.93–1.07), and 1.05 (95% CI: 0.98–1.12), respectively. The pooled 
results of the type B and type C studies were also negative.  
 
Conclusion 
Given high infection rates during the pandemic (about 50%), these results do not sup-
port the maternal influenza hypothesis.   
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INTRODUCTION 

Maternal influenza during pregnancy is in many circles an established risk factor for schiz-
ophrenia. The basis to support the hypothesis, however, is controversial. The first evi-
dence came from studies of the 1957 pandemic of A2 (‘‘Asian’’) influenza. An influential 
study from Finland, published in 1988, reported an increased proportion of schizophrenia 
diagnoses in patients whose second trimester of fetal life overlapped with the influenza 
pandemic (1). Three years later, an investigation from England and Wales reported an 
88% increased risk of schizophrenia among subjects born 5 months after the peak of the 
pandemic (2). Subsequent studies, however, reported inconsistent findings (3). 

A limitation of these so-called ecological studies is the absence of information on 
exposure: Subjects are considered to be exposed if they are born in a given period after 
an epidemic or pandemic. A more sophisticated method of documenting exposure is 
the assessment of influenza antibodies in pregnant mothers. The only study to compare 
antibody titers in pregnancies giving rise to affected and unaffected offspring involved 
an American cohort born during the period 1959–1966, i.e., not exposed to the pan-
demic (4). Exposure to influenza virus during the first, but not the second or third, tri-
mester of pregnancy was associated with an increased risk of schizophrenia. However, 
this result was inconclusive because the 95% confidence interval (CI) for the measure of 
outcome was extremely large and included 1.0 (Mantel-Haenszel odds ratio = 7.0, 95% 
CI: 0.7–75.3). 

Thus, a correct interpretation of the ecological investigations remains important for 
an evaluation of the influenza hypothesis. The absence of information on exposure does 
not completely invalidate these studies because infection rates during pandemics are 
assumed to be about 50% (5, 6). When interpreting these studies, it is important to bear 
in mind that the likelihood of research findings being true diminishes with the number 
of relationships tested (7). This could be relevant here because many studies tested for 
an association between schizophrenia risk and exposure to influenza during any of the 9 
months of prenatal life. Because this method leads to 9 statistical tests, some associa-
tions will emerge by chance. 

We reasoned that if maternal influenza contributes to the etiology of schizophrenia, 
a pandemic should increase the risk for those in utero. We therefore performed a meta-
analysis to examine whether birth during the 9-month period after the 1957 pandemic, 
or maternal reports of influenza during pregnancy at the time of the pandemic, were 
risk factors for schizophrenia in the child. 
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MATERIALS AND METHODS 

Data Sources 

We performed a MEDLINE search (1960 to March 2008) using the key words influenza, 
pandemic, psychosis, schizophrenia, and paranoid, and reviewed the reference lists of 
relevant articles. To be included a study had to report a relative risk (RR) for children 
born during (part of) the 9-month period after the pandemic (or for children born to 
mothers who reported having had influenza). Studies that provided sufficient infor-
mation to allow us to calculate the RR were also included.  

Study Selection 

Eighteen potentially relevant studies were retrieved (1, 2, 8-23), 5 of which were subse-
quently excluded(8-12). Among these was a study using data sets from England, Scot-
land, and Denmark that did not report patient numbers and presented the results in 
terms of t values, which could not be translated into RRs (8). However, the data sets 
from England and Scotland overlapped strongly with other data sets from these coun-
tries, described in previous publications, from which we could extract RRs (2, 15). Un-
fortunately, the Danish data set was not available (it had not been saved). We excluded 
a second study, from Surinam and the Netherlands Antilles, because the lack of infor-
mation on the number of live births in these countries made it difficult to estimate the 
RRs with any certainty (9). We also excluded a study from Palau because it examined 
schizophrenia risk by calendar year of birth (10). Finally, of the 3 overlapping studies 
investigating the impact of the pandemic on the Dutch population (11-13), we included 
the Selten and Slaets study because it provided information by gender (13).  

We distinguished 3 types of studies. Those designated type A studies included 8 eco-
logical studies from Europe, America, and Australia that compared the risk of schizo-
phrenia among subjects born any time in the 9 months after the pandemic (ie, index 
period) with that among those born during corresponding periods of time in the previ-
ous and/or subsequent year (ie, control periods) (1, 2, 13-18). Although it was not 
known whether the mothers actually had influenza, these children were considered to 
have been exposed. Likewise, those born in the corresponding period in the previous 
and/or subsequent year were considered not to have been exposed. One type A study 
(15) provided information from 2 overlapping sources: the Edinburgh Psychiatric Case 
Register and a data set for the whole of Scotland. We used the largest data set (Scot-
land). Six of the type A studies only included patients who had ever been hospitalized, 
while 2 included outpatients as well as inpatients (14, 18). 

Three ecological studies from Japan were designated type B studies (19-21). We dis-
tinguished between the Japanese and other ecological studies because the course of 
the pandemic in Japan differed markedly from that in other countries in that it came in 
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2 waves, from June to July 1957 and from November to December 1957. Thus, a subject 
born in February 1958 could have been exposed during the first, second, or third tri-
mester of prenatal life. Two studies examined the risk for subjects admitted to hospitals 
in Greater Tokyo and the southern part of Shikoku island (Kochi), respectively (19, 20). A 
third study included a survey among a randomly selected sample of hospitals and out-
patient clinics throughout the whole of Japan (21). Because the degree of overlap be-
tween the national survey and the studies in Greater Tokyo and Kochi was considered 
to be modest, the 3 studies were retained. 

Finally, 2 studies compared the risk of schizophrenia among children whose mothers 
reported having had influenza during the pandemic with that among those whose 
mothers reported not having had influenza during the pandemic (22, 23). These were 
designated type C studies. In most studies, the diagnosis of schizophrenia was made 
according to standardized criteria; however, 2 of the Japanese studies did not specify 
the diagnostic criteria used (19, 21). 

Data extraction 

Type A studies  
Table 1 provides an overview. For the purpose of this meta-analysis, we retrieved data 
to enable us to extract or calculate the RR of schizophrenia for those exposed (1) at any 
time during pregnancy, (2) in a particular trimester of pregnancy, and (3) in a particular 
month of pregnancy. In all studies, births were assumed to be full-term (9-month) de-
liveries. Where possible, the results were considered separately for men and women. 
Two of the authors (J. P.S. and A.F.) independently extracted the data and calculated 
the RRs. Discrepancies were resolved by discussion. 

We used the natural logarithm of the RR. The variance V of a RR is given by the for-
mula: V = 1/a - 1/b + 1/c - 1/d, where a is the number of preschizophrenic births in the 
index period, b is the number of live births in the index period, c is the number of pre-
schizophrenic births in the control period, and d is the number of live births in the con-
trol period. Although 3 studies did not mention the numbers of live births (2, 14, 15), 
we estimated these numbers (see below). Because an estimation is always imperfect, 
we also calculated the variance of each RR using another formula, V = 1/a + 1/c, where a 
is the number of cases in the index period and c is the number of cases in the control 
period. This method of variance estimation is not influenced by the size of denomina-
tors (24). 

All analyses were carried out using the fixed-effects model with MetaWin 2.0 statis-
tical software(25). A homogeneity statistic, Q, was calculated to test whether the stud-
ies could be considered to share a common population effect size. A significant Q statis-
tic indicates heterogeneity of the individual study effect sizes, which means that a cer-
tain amount of variance cannot be attributed to sampling error. If the value of Q was 
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statistically significant, we repeated the analysis using the random-effects model, which 
is more conservative and takes the extra variance into account(24, 26). 

 
Table 1. Eight ecological studies from Europe, America and Australia (type A studies) of schizophrenia risk for 
subjects in utero in the first, second or third trimester of prenatal life during the 1957 pandemic of A2 influenza. 

Firs author and 
publication year 

Region Na End of follow-
up 

Timing of birth of 
control patients 

Relative risk by 
trimester of exposure 

     1st 2nd 3rd 

Mednick, 1988 Uusimaa County, 
Finland 

58 1984 6 previous yrs 0.88 0.85 0.77 

Kendell, 1989 Scotland 170 1988 2 previous yrs 0.87 0.81 0.90 
 

O'Callaghan, 1991 Regions of England 
& Wales 

263 1984 2 previous & 2 
subsequent yrs 

0.84 1.24 1.15 

Torrey, 1991 10 US States 3368 1987/1988 1 previous & 1 
subsequent yr 

0.95 1.00 1.07 

Erlenmeyer-K, 1994 Croatia 82 1990 2 previous & 2 
subsequent yrs 

0.90 0.98 1.11 

Selten, 1994 The Netherlands 654 1991 2 previous & 2 
subsequent yrs 

0.86 0.99 1.01 

McGrath, 1994 Queensland, 
Australia 

156 1988 5 previous & 5 
subsequent yrsb   

0.57 1.27 1.21 

Morgan, 1997 Western Australia 72 1996 1 previous & 1 
subsequent yrc 

0.86 1.00 1.86 

a Number of patients born in period of 9 months after pandemic 

b Except 1954, 1957, 1959 
c See Morgan et al. (1997) for details  

 
The arrival of A2 influenza and the peak of the epidemic differed by country. Most stud-
ies considered infants born in the first month after the peak as being exposed during 
the ninth month of pregnancy and classified the other months accordingly. Two studies 
departed from this rule and considered those born during the peak month of the epi-
demic as being exposed during the ninth month of pregnancy (14, 17). In order to apply 
the same method to all studies, we reclassified exposure in these 2 studies using the 
approach used in the other studies. Morgan et al, (18) in their study of Western Austral-
ia, increased the power of their study to find a second trimester effect by considering 
those born in the period from November 1957 until March 1958 as being exposed dur-
ing this trimester. This was possible because the epidemic in Western Australia lasted 
from July to September 1957. For the purpose of the present meta-analysis, however, 
we reanalyzed data from this study as for the other studies. Because the peak occurred 
in September 1957, people born during the periods October to December 1957, Janu-
ary to March 1958, and April to June 1958 were considered as being exposed during the 
third, second, and first trimesters, respectively. 
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While the extraction of RRs was straightforward in some studies, the methods used 
for 5 studies require further clarification. First, the study from Finland examined hospi-
tal admissions of people born in Uusimaa County, a region including Greater Helsinki 
(1). The authors compared the proportion of schizophrenia diagnoses among psychiatric 
patients born in the index period with that of schizophrenia diagnoses among patients 
born in the control periods. Among patients born from February 15 to May 14, 1958 
(i.e., exposed to the pandemic during the second trimester of fetal life), 34.6% were 
diagnosed with schizophrenia compared with 20.8% among patients born in the corre-
sponding period in the previous 6 years. The authors controlled for differences between 
the index and the control groups in the risk period for psychiatric admission by exclud-
ing those subjects from the control group who had their first hospital admission at an 
older age than the maximum age at first admission for patients in the index group (i.e., 
26 years and 56 days). The authors reported an excess of schizophrenic births among 
people born in Uusimaa County who were exposed during the second trimester of 
pregnancy. However, the proportion of schizophrenia diagnoses among hospitalized 
patients is not a good outcome variable for statistical analysis because it remains un-
clear whether an increase in the proportion is due to an increase in schizophrenia or a 
decrease in other diagnoses. A more direct approach involves the calculation of the risk 
of hospitalization for schizophrenia among subjects born in Uusimaa County. In order to 
calculate population-based RRs, we obtained information from the Finnish Bureau of 
Statistics on the number of live births in Uusimaa County for each month during 1951–
1958. Because the 3-month periods of fetal exposure began on the 15th day of a given 
month (e.g., February 15, 1958, to May 14, 1958), the number of live births for the 
research periods was estimated by interpolation. Monthly figures by gender were not 
available but could be estimated using the proportion of male and female live births in 
Finland during the period 1950–1960 (51.2% and 48.8%, respectively). The calculation 
of population-based RRs yielded striking findings (see Table 2). To begin with, the risk of 
hospital admission for schizophrenia was very high (1.9%–2.7%) among people born in 
Uusimaa County and was higher than the recently estimated lifetime risk among the 
Finnish population (0.87%) (27). Moreover, the RR for people exposed during the sec-
ond trimester was decreased rather than increased (RR = 0.85, 95% CI: 0.68–1.07). 
Although the statistical analysis of the Finnish study has been criticized, 15 the de-
creased population-based RR is a novel finding. The recalculated schizophrenia risk 
among the Uusimaa population and the decreased population-based RR for exposure in 
the second trimester question the validity of the 1988 publication. For the purpose of 
the present meta-analysis, we used the population-based RRs given in table 2. 

Second, the study from 10 health regions of England and Wales compared the num-
ber of patients born in a particular index month with the mean number of patients born 
in the corresponding month in the 2 previous and 2 subsequent years (2). The authors 
assumed that there were no major fluctuations in the number of births in the general 
population. We estimated RRs by using the numbers of patients born in the index and 
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control periods. For example, the RR for those born 5 months after the peak of the 
epidemic was 48 divided by 25.5 (i.e., the mean for the 4 control periods) = 1.88. We 
used data from another publication to estimate the denominator needed (i.e., number 
of live births) to calculate the variance of the RR. According to a follow-up study of all 
children born in Great Britain in the week of March 3–9, 1958, the risk of developing 
schizophrenia was 0.0035 (22). Because the data source (hospital admissions recorded 
by the Mental Health Inquiry) and length of follow-up were similar for both studies, we 
assumed that the risk was similar among the subjects from the 10 health regions and 
estimated the numbers of live births and the variance of the RRs. 

A third study, the study of the national registry of Scotland, compared the number 
of preschizophrenic births in an index month with the mean number of such births in 
the same month in the 2 previous years (15). The authors failed to adjust for the some-
what longer period of risk for subjects born in the control years. However, because data 
were collected up to 1988, most subjects had passed the period of maximum risk. The 
number of live births was estimated using data from another publication with the same 
data set in which the authors reported that the risk of hospitalization for schizophrenia 
and entry into the national registry was 0.00158 for people born in 1958 (28). 

The fourth and largest study, conducted in the United States, used information from 
10 states on the month and year of birth of all individuals diagnosed with schizophrenia 
who were receiving mental health services (14). The number of patients born from 1950 
to 1959 was 43 778, with approximately 3368 patients being born in the 9-month peri-
od after the pandemic. Using the monthly numbers of live births in these states, the 
authors calculated monthly birth rates of future schizophrenic patients during the peri-
od 1950–1959, not stratified by gender. Because this study is larger than the other 
studies combined, and to prevent it from dominating the meta-analysis, we compared 
the birth rate in an index month with the average birth rate in the same calendar month 
of only 1 previous year and 1 subsequent year. For instance, the birth rate in November 
1957 was 0.00444. Because the mean birth rate of schizophrenic patients in November 
1956 and November 1958 was 0.00390, the RR was estimated at 44.4/39.0 = 1.138. The 
authors provided sufficient information to allow an estimation of denominators. 

Lastly, with regard to the Dutch study (13), we obtained information about the 
number of live births per month from Statistics Netherlands and calculated population-
based RRs. The epidemic in the Netherlands peaked between mid-September and mid-
October 1957. Subjects born in October 1957 were regarded as being exposed during 
the ninth month of pregnancy, and subjects born in June 1958 were considered to have 
been exposed during the first month of pregnancy. The risk of subjects born in index 
periods was compared with that of subjects born in the corresponding periods in the 2 
previous and 2 subsequent years. 
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Type B studies 
Japanese researchers, inspired by the findings in England and Wales (2), tested the 
hypothesis that the risk of schizophrenia would be increased in subjects born 5 months 
after the epidemic, i.e., in November or December 1957 or April or May 1958. Kunugi et 
al (19) compared the number of patients, by gender, who had been born in the 4 
above-mentioned index months with the mean number of patients born during the 
corresponding months of the 2 previous and 2 subsequent years (i.e., 16 calendar 
months). Mino et al (21) used a similar method. The only study to provide information 
on the number of live births was that of Izumoto et al (20). In order to apply the same 
method to all Japanese studies, we summed the numbers of patients born in these 
particular index and control months (see Table 3). We then compared the number of 
patients born in the 4 index months with the mean number of patients born in the 16 
control months and estimated RRs. The risk of schizophrenia among Japanese men and 
women born in the control months of the Izumoto et al study was 0.008209 and 
0.006298, respectively. Assuming the same risk in the 2 other Japanese studies, we 
estimated the numbers of births in the control months for the 3 studies combined, by 
gender. Given the estimated RRs for males and females, the denominators for the index 
groups could be estimated, by gender. 
 
Table 3. Three ecological studies from Japan (type B studies) showing cases of schizophrenia that were or were 
not exposed in the fifth month of prenatal life to the 1957 A2 influenza pandemic. 

First author and 
publication year 

Region Year of  follow-
up 

Exposeda (N) Average for not-
exposedb (N) 

Exposed divided 
by average for 
not-exposed 

Males      

Kunugi, 1995 Greater Tokyo 1994 50 52.25  

Izumoto, 1999 Kochi 1996 19 19.50  

Mino, 200 Japan 1993 224 247.75  

Total   293 319.50 0.92 

Females      

Kunugi, 1995 Greater Tokyo 1994 37 32.50  

Izumoto, 1999 Kochi 1996 20 14.25  

Mino, 200 Japan 1993 142 138.00  

Total   199 184.75 1.08 

Both sexes      

Kunugi, 1995 Greater Tokyo 1994 87 84.75  

Izumoto, 1999 Kochi 1996 39 33.75  

Mino, 200 Japan 1993 366 385.75  

Total   492 504.25 0.98 

a  Exposed: born November 1957, December 1957, April 1958 or May 1958. 
b Not-Exposed: born in same calendar months of 2 previous and 2 subsequent years.  
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Type C studies 
There were 2 studies of this type. One study concerned all children born in Great Britain 
in the week of March 3–9, 1958 (22). Influenza during pregnancy was documented by 
an interview with the mother conducted by the midwife. The children were followed up 
by a search in the Mental Health Inquiry records.  

A second study was a follow-up of individuals who had been identified originally for 
a prospective investigation of the association between prenatal viral infection and con-
genital abnormalities (23). The epidemic reached Dublin in October 1957. All women 
who attended antenatal clinics in the 3 principal maternity hospitals between October 
1, 1957, and June 1, 1958, were asked: ‘‘Have you had influenza during pregnancy?’’ 
Using the published data, we calculated RRs for children born to mothers who reported 
having had influenza during the pandemic (vs the risk for children whose mothers re-
ported not having had influenza). We also pooled the results of both studies. 

Data Synthesis 

The American study was larger than all other type A studies combined (14). Conse-
quently, before conducting any meta-analyses, we used meta-analysis of variance to 
examine whether  its effect sizes, with regard to birth in any of the 3 trimesters after 
the pandemic, differed significantly from those in the other studies (26). The differences 
were found to be statistically not significant, and we included the American study in the 
meta-analysis. The latter study did not provide information by gender and was not in-
cluded in the separate analyses of risks for males and females. 

RESULTS 

Type A studies 

Eight type A studies met our inclusion criteria yielding 8 effect sizes for birth in any of 
the 3 trimesters (or the whole 9-month period) after the pandemic and 6 effect sizes for 
birth in any of the 9 months. The mean weighted RR of schizophrenia among subjects 
exposed during the second trimester or the fifth month of prenatal life, considered risk 
periods in some studies, was not significantly increased. Figure 1 shows that the distri-
bution of effect sizes across studies was random and that not a single study found a 
significant second-trimester effect. The mean weighted RR for subjects exposed during 
the first trimester of prenatal life was significantly decreased, but the other results were 
not significant (Table 4). The results of the separate analyses for males and females also 
failed to show a significantly increased risk of schizophrenia (Table 5). As shown in table 
4, the 2 methods to calculate the variance of the effect sizes yielded virtually identical 
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results. (The results obtained with the 2 methods to estimate variance in males and 
females were also similar and are available from the authors upon request.) 

Of 39 Q values calculated, 4 were statistically significant. For subjects exposed dur-
ing the fifth month of prenatal life, this heterogeneity was due to a difference between 
the American study,14 which reported a decreased risk (RR = 0.96), and the other stud-
ies, which reported an increased risk. When the analysis was conducted without the 
American study, the mean weighted RR was not significantly increased (RR = 1.24, 95% 
CI: 1.00–1.55). The significant heterogeneity in the 3 other meta-analyses was not solely 
due to the American study. 

 

 

Figure 1. Natural logarithm of relative risks (and 95% confidence intervals) for subjects included in eight 
ecological studies from Europe, America and Australia (type A studies) of risk for schizophrenia associated 
with exposure to 1957 influenza pandemic during second trimester of prenatal Life.  
Studies are identified by first author and year of publication. Figure shows natural logarithm of all effect sizes 
and natural logarithm of grand mean 
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Table 4. Mean weighted relative risks of schizophrenia for subjects born in 9-month period after 1957 pan-
demic of A2 influenza, by gestational age at exposure. 

  Fixed effects model  Random effects model 

  Method of variance 
estimation Aa 

 Method of variance 
estimation Bb 

 Method of variance 
estimation Aa 

Gestational 
age at 
exposure 

Number 
of effects 
sizes 

RR  95% CI Q RR  95% CI Q RR  95% CI Q 

Month 1 6 0.89 0.78-1.02 0.91 0.89 0.78-1.02 0.91    

Month 2 6 0.87 0.77-1.00 2.69 0.88
 

0.79-1.00 2.68    

Month 3 6 0.98 0.86-1.13 7.28 0.98
 

0.86-1.13 7.27    

Month 4 6 1.02 0.89-1.16 4.69 1.02
 

0.89-1.16 4.68    

Month 5 6 1.06 0.93-1.20 14.44* 1.06
 

0.93-1.20  14.39* 1.17
 

0.89-1.54 4.62 

Month 6 6 0.96 0.84-1.10 2.97 0.96 0.84-1.10 2.95 
 

   

Month 7 6 1.03 0.90-1.17 3.59 1.03
 

0.90-1.17 3.58    

Month 8 6 1.04 0.91-1.18 2.65 1.04
 

0.91-1.18 2.64    

Month 9 6 1.14 1.00-1.29 2.32 1.14
 

1.00-1.30 2.32    

Trimester 1 8 0.91 0.85-0.98 3.93 0.91
 

0.85-0.98 3.82    

Trimester 2 8 1.00 0.93-1.07 10.93 1.00
 

0.94-1.07 10.87    

Trimester 3 8 1.05 0.98-1.12 16.85* 1.05 0.98-1.12 16.65* 1.04
 

0.90-1.19    10.33 

9-Month 
period 

8 0.99 0.96-1.03 15.69* 0.99 0.96-1.03 15.54* 0.98 0.90-1.05 8.69 

Note: RRs, relative risks; CI, confidence interval 
a Formula for variance estimation was 1/a-1/b+1/c-1/d, where a= number of pre-schizophrenic patients in 
index period, b= number of live births in index period, c= number of pre-schizophrenic births in control period 
and d= number of live births in control period. 
b Formula for variance estimation was 1/a + 1/c.  
* Significant value of Q (p<.05). 
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Table 5. Mean weighted relative risks of schizophrenia for subjects born in 9-month period after 1957 pan-
demic of A2 influenza, by gestational age at exposure and gender. 

  Fixed effects modela Random effects modela 

Gestational age at 
exposure 

Number of 
effects sizes 

RR  95% CI Q RR  95% CI Q 

Males        

Month 1 4 1.00  0.69-1.45  0.39    

Month 2 4 0.97  0.67-1.41 2.29    

Month 3 4 0.74  0.48-1.14  2.08    

Month 4 4 1.06  0.75-1.51 7.15    

Month 5 4 1.18  0.82-1.68 4.77    

Month 6 4 0.82  0.56-1.21 1.58    

Month 7 4 0.92  0.61-1.38 1.68    

Month 8 4 1.18  0.83-1.68 2.79    

Month 9 4 1.05  0.73-1.50 2.24    

Trimester 1 6 0.88  0.75-1.04 1.37    

Trimester 2 6 0.99  0.85-1.16  11.60* 1.00  0.75-1.25  6.01 

Trimester 3 6 0.99  0.84-1.16 10.61    

9-Month Period 6 0.95  0.87-1.04 11.66* 0.95  0.81-1.11 5.52 

Females         

Month 1 4 0.55  0.29-1.05 1.08    

Month 2 4 0.84  0.49-1.41 0.66    

Month 3 4 0.91  0.53-1.57 2.08    

Month 4 4 0.84  0.50-1.42  0.88     

Month 5 4 1.50  0.95-2.36 7.05    

Month 6 4 1.22  0.75-1.98 4.47    

Month 7 4 1.01  0.61-1.66 3.40    

Month 8 4 0.93  0.56-1.52 0.31    

Month 9 4 1.30  0.79-2.15 3.16    

Trimester 1 6 0.80  0.63-1.00 3.16    

Trimester 2 6 1.07  0.87-1.30 9.51    

Trimester 3 6 1.04  0.85-1.28 7.59    

9-Month Period 6 0.96  0.85-1.09 3.60    

Note: Abbreviations are explained in the first footnote to table 4. 
1) formula for variance estimation was 1/a-1/b+1/c-1/d, where a = number of pre-schizophrenic patients in 
index period, b= number of live births in index period, c= number of pre-schizophrenic births in control period 
and d = number of live births in control period. 
* Significant value of Q (p<.05). 
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Type B studies 

The pooled results of the type B studies show a 2.4% decreased risk of schizophrenia 
among Japanese subjects born 5 months after a wave of the A2 influenza pandemic 
(table 3). The estimated RR for Japanese men was 0.92 (95% CI: 0.81–1.04) and that for 
Japanese women was 1.08 (95% CI: 0.92–1.26). 

Type C studies  

The results of both studies and the pooled results were negative (Table 6). 
 
Table 6. Studies of schizophrenia risk for children in utero during 1957 influenza pandemic, by maternal report 
of influenza during pregnancy. 

 Influenza reported by mother  Influenza denied by mother    

 Live 
births 

Cases of 
schizophrenia 

Risk per 
1000 

Live births Cases of 
schizophrenia 

Risk per 
1000 

Relative 
risk 

95% 
Confidence 
interval 

Crow,  
1991 

1851a 7c 3.8 14,153 50 3.5 1.07
 

0.49-2.36 

Cannon, 
1996 

238b 2d 8.4 287  2 7.0 1.21
 

0.17-8.50 

Total 2,089 9 4.3 14,440 52 3.6 1.20
 

0.59-2.42 

aMothers exposed in first trimester (n=231), second trimester (n=945), third trimester (n=675). 
bMothers exposed in first trimester (n=22), second trimester (n=80), third trimester (n=131), or time of expo-
sure not known (n=5) 
cCases exposed in second (n=3) or third trimester (n=4). 
dCases exposed in second (n=1) or third trimester (n=1). 

DISCUSSION 

The purpose of this meta-analysis was to examine whether birth in the 9-month period 
after the 1957 influenza pandemic, or maternal reports of influenza during pregnancy at 
the time of the pandemic, was a risk factor for schizophrenia in the child. While many of 
the investigations included in this meta-analysis were well designed retrospective co-
hort studies with sufficient power to detect an effect of the pandemic, we failed to find 
such an association. This is not due to the exclusion of a data set from Denmark (8), 
which showed an increased risk among females who were in the sixth or seventh month 
of prenatal life at the time of the pandemic, months that were not indicated as being 
high risk by other studies. Nor were the negative results accounted for by the exclusion 
of studies from Surinam and the Netherlands Antilles (9) or Palau (10) because these 
samples were extremely small and the results were considered negative. It could be 
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argued that the diagnoses recorded on psychiatric registries have a poor validity and 
thus obscured the effect of the pandemic. However, diagnoses on a number of regis-
tries have been validated (29, 30), and there is ample alternative confirmation of their 
usefulness for research. Using data from the Dutch registry, eg, Susser et al (31) were 
able to demonstrate that exposure to the Dutch Hunger Winter during the first tri-
mester of prenatal life doubled the risk of schizophrenia. This effect of malnutrition was 
confirmed by 2 subsequent studies in China (32, 33). One could raise the question to 
what extent the results may have been influenced by publication bias, but in the ab-
sence of an association, the issue seems to be less relevant. One could suggest that 
positive findings have remained unpublished, but this is speculative. Because we per-
formed multiple analyses, the reduced risk of schizophrenia among subjects exposed 
during the first trimester of prenatal life is probably a chance finding. 

Limitations 

The underreporting of influenza by mothers who were pregnant during the pandemic is 
a likely limitation of the type C studies. However, even if one assumes that all mothers 
who failed to report influenza had a subclinical infection, the risk of schizophrenia 
among exposed cohorts was well within the expected range. Because the length of the 
follow-up periods was limited, we cannot exclude, based on this meta-analysis, the 
possibility that maternal influenza may be a risk factor for late-onset schizophrenia. 

Origins of influenza hypothesis 

The original report on which the influenza hypothesis of schizophrenia was based had a 
small sample size and used an inappropriate statistical method (1). Our reanalysis of the 
Finnish data showed that the risk of schizophrenia was not increased among subjects 
exposed to influenza during the second trimester. The increased risk among subjects 
born in England and Wales 5 months after the peak of the pandemic may be due to 
chance (2). It is curious that, although the epidemic lasted several months, the plot of 
schizophrenic births showed a spike that was limited to 1 month (34). 

Studies not related to 1957 pandemic    

Studies from Scotland and Denmark found no evidence that subjects born shortly after 
the pandemic of 1918–1919 were at increased risk of subsequently developing schizo-
phrenia (8, 15). Multiple-year studies of the relationship between monthly variations in 
the prevalence of influenza and the risk of schizophrenia among subjects who were in 
utero at the time of the influenza outbreak have yielded inconsistent findings. A study 
of first admissions to hospitals in England and Wales before 1980 found an association 
between mortality from influenza during the third to the seventh month of prenatal life 
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and risk of schizophrenia in adulthood (35). However, the association was modest and 
explained 1%–2% of the variance in the risk of schizophrenia. A second study, of first 
admissions after 1980, failed to replicate the previous finding. The authors reported a 
14% increase in the risk of schizophrenia among females born 5 months after influenza 
epidemics and no such increased risk among males(36). In the Netherlands, the risk of 
schizophrenia was found to be associated with mortality from influenza 3 months prior 
to birth, but this association was present in typical schizophrenics but not in less typical 
cases (37). A study from Western Australia found a second-trimester effect among fe-
males exposed to the 1951 influenza epidemic but no such effect among males or fe-
males exposed to epidemics occurring in 1950, 1953, 1954, or 1959 (18). Finally, 4 stud-
ies examined the relationship between the prevalence of influenza and the risk of schiz-
ophrenia in Denmark (8, 38-40). Each study used a different method and covered a 
different birth period (1911–1950, 1911– 1965, 1915–1970, and 1950–1984, respec-
tively). Barr et al(38) reported an association between schizophrenia risk and relatively 
high levels of influenza exposure for the season during the sixth month of gestation but 
did not mention a RR. A larger study by Adams et al,(8) which included the birth cohort 
studied by Barr et al, found no such association. Takei et al (39) found an increased risk 
for subjects exposed 4 months prior to birth (RR = 1.12, 95% CI: 1.00–1.21), but 
Westergaard et al (40) could not replicate the findings of Takei et al even when they 
employed their methods and concluded that there was no association between schizo-
phrenia risk and influenza prevalence during any month of prenatal life. 

Conclusions 

In order to appreciate the implications of this meta-analysis for the influenza hypothe-
sis, it is important to be aware of the impact of the pandemic. A serological study from 
Sheffield, United Kingdom, found that 43% of subjects aged 20–39 years had A2 anti-
bodies immediately after the pandemic (41). Recent publications on influenza pandem-
ics assume that about 50% of the population is infected (5, 6). If maternal influenza 
contributes to   the etiology of schizophrenia, it is difficult to understand why a pan-
demic infecting such a high proportion of pregnant women failed to increase the risk 
among their children and why there is no consistent relationship between influenza 
epidemics during a particular period of prenatal life and the risk of schizophrenia. 

We conclude that the evidence to support the maternal influenza hypothesis is insuf-
ficient. One could argue that there is a body of literature from animal studies, indicating 
that prenatal exposure to influenza is associated with certain changes in brain develop-
ment and behavior (42), but this does not constitute proof that this exposure is a cause 
of schizophrenia in humans. According to the fetal brain cytokine imbalance hypothesis, 
the maternal induction of proinflammatory cytokines due to a wide variety of bacterial or 
viral pathogens may influence the development of the fetal brain and increase the risk 
for schizophrenia (43). The results of the present study do not support this hypothesis. 
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ABSTRACT 

Background  
Psychosis is associated with urban upbringing, and increased emotional reactivity is 
associated with psychosis. The aim of this study was to examine to what degree urban 
upbringing impacts emotional reactivity, and how this may be relevant for psychotic 
disorder and familial risk of psychotic disorder.  
 
Methods  
Patients with a diagnosis of non-affective psychotic disorder (n=57), 59 first degree 
relatives of patients and 75 healthy comparison subjects were studied with the Experi-
ence Sampling Method (a random time sampling technique to assess affective experi-
ence in relation to fluctuating stressors in the flow of daily life), to measure a change in 
negative affect in relation to subjective stress (SS). Urban exposure was defined at 5 
levels, considering the population density and the number of moves between birth and 
the 15th birthday, using data from the Dutch Central Bureau of Statistics and the equiva-
lent database in Belgium.  
 
Results  
Multilevel random regression analyses showed that urban upbringing was consistently 
and strongly associated with a reduced increase in negative affect in relation to SS in 
adulthood in a dose-response fashion in all three groups. Regression coefficients in the 
patient group decreased from 0.148 ( p < 0.001) in the lowest urbanicity level to 0.094 ( 
p < 0.001) in the highest urbanicity level. 
 
Conclusion  
The findings suggest that urban upbringing may occasion "habituation" rather than 
“sensitization" across groups, which may or may not be relevant for the onset of psy-
chotic disorder. 
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INTRODUCTION 

Psychosis has been associated with urban birth and urban upbringing (1-5), with meta-
analytic evidence of dose-response (5-7). If causal, this may be relevant, given that 50% 
of the global population live in urban areas, and this fraction is set to increase even 
further in the future (8). However, the question as to which factors associated with the 
urban environment may mediate this effect remains unsolved. Candidate mechanisms 
include higher level of perceived social isolation in urban areas (9), greater exposure to 
social "defeat" occasioned by higher level of competition in cities (10), as well as higher 
level of pregnancy and birth complications (11) or infections (12) and lower level of 
prenatal vitamin D (13) due to reduced sunlight exposure in urban areas. No single 
factor, however, has been show to mediate the association between urban environ-
ment and psychotic disorder. Confounding by drug misuse is unlikely to explain the 
association (14), as is confounding by genetic liability to schizophrenia (15), although 
part of the association may be linked to family-specific or epigenetic factors (16). The 
effect of urban environment may be conditional on genetic risk for psychosis (17-19), 
and the vulnerable period of impact is specific to childhood and adolescence (4, 20). 

Compared to well controls, psychosis outcomes are characterized by a greater in-
crease in negative affect in relation to daily life stressors (21). Negative affect is defined 
as the extent to which an individual experiences subjective stress and unpleasant en-
gagement with the environment. Groups with high risk for psychosis show similarly 
increased levels of affective reactivity to stress (21, 22). Recently, Lederbogen and col-
leagues reported an association between urban upbringing and city living and altered 
experimental social stress processing in a sample of healthy volunteers using functional 
magnetic resonance imaging (23). It is therefore attractive to speculate that the higher 
incidence of schizophrenia in urban areas may be mediated in part by altered sensitivity 
to stress. 

The present study aims to replicate and extend the effects of urban exposure on 
emotional reactivity in real life using the experience sampling method (ESM) in the 
Genetic Risk and Outcome in Psychosis (G.R.O.U.P.) project (24). ESM is a structured 
diary technique that captures thoughts, moods and their context in the flow of daily life 
(25). ESM is a reliable measure to demonstrate altered adult change in negative affect 
in relation to a stressor as a result of an early life exposure. For example, alterations in 
ESM measures of stress-reactivity in adults have consistently been linked to childhood 
trauma, in the direction of increased stress-reactivity in those so exposed (26-29). In the 
current study, therefore, it was predicted that childhood urbanicity would be associated 
with a greater increase in negative affect in relation to a stressful event, particularly in 
patients with psychotic disorder and in individuals with psychotic liability. 
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MATERIALS AND METHODS 

Participants 

Data pertain to baseline measures of the ongoing multisite, longitudinal, naturalistic 
cohort study, the Dutch national Genetic Risk and Outcome in Psychosis (G.R.O.U.P.) 
project (24). The full sample consisted of 1120 patients diagnosed with a non-affective 
psychotic disorder, 1057 of their siblings, 919 parents of the patients and their siblings, 
and 590 unrelated healthy controls subjects from the general population. The selection 
procedure, the in- and exclusion criteria and informed consent procedure were per-
formed as described before (24). All participants from the Maastricht region were con-
tacted for participating in the experience sampling method. Maastricht is a city of 
120,000 in the South of the Netherlands. Participation was voluntary. 

Experience sampling method 

The experience sampling method (ESM) was used to assess the change in negative af-
fect in relation to stressful event in the flow of daily life (25). Subjects received a digital 
wristwatch and self-assessment forms collated in a booklet for each day. The watch 
emitted a signal (beep) at unpredictable moments between 7:30 am and 10:30 pm, ten 
times a day on six consecutive days. Subjects were asked to report immediately after 
each beep their thoughts, current context (activity, persons present, location), apprais-
als of the current situation and mood.  

Subjects were informed about the ESM procedure during an initial briefing session. 
A practice form was completed to confirm that the subjects were able to understand 
the 7-point Likert scale format. Subjects were instructed to complete their reports im-
mediately after the beep, thus minimizing memory distortion and to record the time at 
which they completed the form. Research staff called each subject several times during 
the actual sampling period, to assess whether they were complying with the instruc-
tions. To determine the reliability of the completed reports, the times at which the 
watch emitted a signal and the times at which subjects completed the reports were 
compared. The subjects had no access to the log of the emitted signals. All reports 
completed more than 15 min after the beep were excluded from the analyses. Previous 
research has shown that reports completed after this interval are less reliable and con-
sequently less valid (30). Similarly, subjects with fewer than 20 valid reports (out of 60) 
were excluded from the analysis (30).  

Assessment of Mood 
Negative affect (NA), described as the extent to which an individual experiences subjec-
tive stress and unpleasant engagement with the environment (25), was assessed at 
each beep with six mood-related adjectives (down, guilty, insecure, lonely, anxious and 
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angry/annoyed) rated on 7-point Likert scales (1, not at all; 7, very) (Cronbach’s α = 
0.81). We calculated the mean of these six mood-related adjectives, which was used as 
the measure of NA. 

Assessment of Stress 
Stress was conceptualized as the subjectively appraised stressfulness of distinctive 
events (event-related stress) (21), which will be referred to as subjective stress (SS) in 
this paper. Both the mood measures and the stress measure in this study were derived 
from the experience sampling reports. To measure “event-related stress”, the subject 
was asked to report, after each beep, the most important event that had happened 
between the current and the previous report. This event was subsequently rated using 
the question: ‘how pleasant was this event’, ranging on a -3 (very unpleasant) to 0 (neu-
tral) to 3 (very pleasant) scale. The scores were reversed to allow high scores to reflect 
stress (-3, very pleasant; 0, neutral; 3, very unpleasant).  

Assessment of psychotic symptom dimension 
Psychosis severity was assessed with the Positive and Negative Syndrome Scale 
(PANSS)(31). This semi-structured interview consists of three subscales: positive symp-
toms (seven items), negative symptoms (seven items), and general psychopathology (16 
items). All items are scored on a scale of 1 (not present) to 7 (severe). The PANSS was 
administered during the debriefing session of the ESM protocol. 

Level of Urbanicity 
We generated a historical population density record for each municipality from 1930 
onwards using Statistics Netherlands and equivalent Belgium database (32, 33). When 
data was not available, missing data were calculated by linear extrapolation between 
two subsequent time-points. When historical names of municipalities disappeared from 
historical records (e.g. due to city mergers) we used the available data from the ag-
glomerate city. We asked subjects to describe where they lived during their life. This 
resulted in a number of records for each subject, containing locations by age period. For 
each of these records, we computed the average population density (by square kilome-
ter, excluding water) of the municipality for the matching year periods. Subsequently, it 
was determined where the subject lived at birth, between ages 0-4 years; between 5-9 
years; 10-14 years; 15-19 years; 20-39 years; 40-59 years; and 60+ up to the actual age. 
Average population density over the period was categorized in accordance with the 
Dutch CBS urbanicity rating (1=<500/km2; 2=500-1000/km2; 3=1000-1500/km2; 4=1500-
2500/km2; 5=2500+/km2). The periods 0-4 years, 5-9 years and 10-14 years were 
merged to average urbanicity exposure between 0-14 years. The latter was used as the 
primary variable reflecting childhood urbanicity exposure in the analyses. This variable 
was collapsed a priori into 5 intervals (1 to 1.49 = 1; 1.5 to 2.49 = 2; 2.5 to 3.49 = 3; 3.5 
to 4.49 = 4; 4.5 to 5 = 5) to reflect the same categories as used by the Dutch CBS.  
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Statistical/data analyses 

All analyses were carried out using Stata 11 (34). We analyzed differences in sex, ethnic-
ity, cannabis use, age, and IQ between ESM participants and non-participants in the 
Maastricht region in order to estimate possible subject selection imbalances. Differ-
ences in NA and SS in the separate urbanicity strata were analyzed. ESM data consist of 
multiple observations nested within persons, generating 2 levels of analysis: ESM beep 
level and subject level. Multilevel linear regression analysis with fixed effects and ran-
dom intercepts was used to account for clustering of repeated measures within per-
sons, using the Stata XTREG command. The regression coefficient (B) represents the 
effect size of the predictors and can be interpreted as the estimates in equivalent uni-
level linear regression analysis. Models were fitted with NA as dependent variable and 
SS, age, sex and PANSS positive symptoms and negative symptoms as independent 
variables. In order to study differential stress-sensitivity, the three-way interaction term 
urbanicity X group status X SS was added to the regression model including all accom-
panying two-way interactions (group status defined as: control, relative or patient). All 
interaction terms were tested using the chi-square test. If the three-way interaction 
term was not statistically significant, the lower order model including the two two-way 
interaction terms of urbanicity X SS and group status X SS was analyzed. In the case of 
significant interaction, stratified effect sizes were calculated by combination of effects 
from the model containing the interactions using the Stata MARGINS routine.  

In a sensitivity analysis, we also tested the model using distribution-free bootstrap 
analysis and using multilevel linear regression analysis with random slopes in addition to 
random intercepts (using the Stata XTMIXED command). 

RESULTS  

Participants and descriptives 

Sixty patients, 71 relatives and 77 controls initiated the ESM procedure. Of the individu-
als in the patient group, three participants were unable to comply with the research 
protocol (having filled in fewer than 20 valid reports) and were, therefore, excluded 
from the analyses. In the relative group and in the control group, twelve and two partic-
ipants were excluded, respectively. The final sample thus included 57 patients, 59 rela-
tives and 75 controls. Sociodemographic and clinical characteristics of the final sample 
are summarized in Table 1.  

The patient group, compared to the relative and control group, counted more men 
(70.2%), more unemployed (64.9%) and less married persons (78.9%). The patient 
group had the highest level of NA (mean = 1.75, SD = 0.75). The relative group, com-
pared to the patient and control group, was younger (mean = 24.3, SD = 11.4). Table 2 



Childhood urban environment is associated with blunted stress reactivity 

49 

shows the means, standard deviations, medians and ranges of NA and SS for each ur-
banicity level. SS decreased significantly across more urban areas (B = -0.07, p = 0.04). 
NA, however, did not vary across the different urbanicity strata (B = -0.01, p = 0.75). 
 
Table 1. Sociodemographic and clinical characteristics of the research sample 

 Patients Relatives Controls 

Sex n (%), Male 40 (70.2%) 20 (33.9%) 22 (29.3%) 

Age (SD) a 28.0 (8.2) 24.3 (11.4) 32.3 (11.3) 

Ethnicity n (%), Caucasian 49 (86.0%) 50 (84.8%) 70 (93.3%) 

Married/living together n (%) 12 (21.1%) 30 (50.9%) 43 (57.3%) 

Education  n (%), Higher education 51 (92.7%) 57 (98.3%) 72 (96%) 

Work n (%), currently working 20 (35.1%) 56 (94.9%) 72 (96%) 

Diagnosisb n (%)    

No diagnosis or condition on axis I 0 (0.0%) 50 (86.2%) 65 (86.7%) 

Schizophrenia 35 (61.4%) 0 (0.0%) 0 (0.0%) 

Schizophreniform disorder 1 (1.8%) 0 (0.0%) 0 (0.0%) 

Schizoaffective disorder 7 (12.3%) 0 (0.0%) 0 (0.0%) 

Brief psychotic disorder 5 (8.8%) 0 (0.0%) 0 (0.0%) 

Psychotic disorder NOS 7 (12.3%) 0 (0.0%) 0 (0.0%) 

Delusional disorder 2 (3.5%) 0 (0.0%) 0 (0.0%) 

Major depressive disorder, in partial remission 0 (0.0%) 1 (1.7%) 3 (4.0%) 

Major depressive disorder, in full remission 0 (0.0%) 7 (12.1%) 7 (9.3%) 

Negative affect     

Mean (SD)a 1.75 (0.75) 1.31 (0.53) 1.29 (0.32) 

Range (Md)c 1 - 7 (1.33)  1 - 5.83 (1.00) 1 - 5.83(1.00) 

Subjective stress    

Mean (SD)a -1.38 (0.83) -1.43 (0.64) -1.49 (0.64) 

Range (Md)c -3 - 3 (-2.00)  -3 - 3 (-2.00)  -3 - 3 (-2.00) 

PANSS positive symptoms    

Mean (SD)a 12.49 (5.18) 7.25 (1.24) 7.21 (1.57) 

Range (Md)c 7 - 26 (11.00) 0 - 10 (7.00) 0 -14 (7.00) 

PANSS negative symptoms    

Mean (SD)a 10.73 (4.93) 7.12 (1.29) 7.15 (1.59) 

Range (Md)c 5 – 30 (9.00) 0 - 12 (7.00) 0 - 14 (7.00) 
aValues are means ± SD = standard deviation 
bDiagnosis was missing for 1 relative 
cMd = median 
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Table 2. Means, standard deviations, ranges and medians of negative affect and subjective stress per urbanici-
ty levela 

Urbanicity level 1(n=42, 
26.25%) 

2 (n=52, 
32.50%) 

3(n=24, 
15.00%) 

4(n=10,  
6.25%) 

5(n=32, 
20.00%) 

B(p)b 

Negative affect       

Mean (SD) 1.43 (0.57) 1.56 (0.63) 1.29 (0.32) 1.20 (0.16) 1.46 (0.71) -0.01 (0.75) 

Range (Md) 1 - 6 (1.00) 1 - 7 (1.17) 1 - 5 (1.00) 1 - 3.33 (1.00) 1 - 6.5 (1.00)  

Subjective stress       

Mean (SD) -1.36 (0.73) -1.27 (0.65) -1.42 (0.62) -1.70 (0.66) -1.61 (0.75) -0.07 (0.04) 

Range (Md) -3 - 3 (-2.00) -3 - 3 (-2.00) -3 - 3 (-2.00) -3 - 3 (-2.00) -3 - 3 (-2.00)  
a Five levels op urbanicity/population density 1=<500 inhabitants/km2; 2=500-1000 inhabitants/km2; 3= inhab-
itants 1000-1500/km2; 4= inhabitants 1500-2500/km2; 5=2500+/km2 

b Linear regression analysis 
SD =  standard deviation 
Md = median 

Negative emotional reactivity to daily life stress, main effect 

Multilevel regression analysis showed a weak association between SS and NA (main 
effect) in the total sample (B = 0.078, p < 0.001, 95% CI = 0.070 to 0.086).  

Three-way interaction and accompanying two-way interactions 

The three way interaction term urbanicity X group status X SS (χ2 = 0.06, df = 1, p = 0.80) 
was not statistically significant, as was the two-way interaction term urbanicity X group 
status (χ2 = 2.42, df = 1, p = 0.12). The two-way interactions between group status and 
SS and between urbanicity and SS were statistically significant (group status X SS: χ2 = 
35.5, df = 1, p < 0.001; urbanicity X SS: χ2 = 11.9, df = 1, p = 0.001). The two significant 
interaction terms are presented in more detail below. 

Group status as a modifier 

Further exploration of the significant interaction between group status and SS revealed 
that the association between SS and NA was largest in patients (B = 0.119, p < 0.001, 
95% CI = 0.104 to 0.134; Table 4.) while the association was smaller, but still statistically 
significant in controls and relatives. After excluding the controls and relatives with (a 
history of) a mood disorder, the association remained significant (Table 3.). 
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Table 3. Association between subjective stress and NA for the three groups separatelya 

 Β 95% CI p 
Event stress    
Controls 0.063 0.052 – 0.075 <0.001 
Relatives  0.062 0.047 – 0.077 <0.001 
Patients 0.119 0.104– 0.134 <0.001 
Association between subjective stress and NA for the three groups separately excluding controls (n=10) and 
relatives (n=8) with (a history of) mood disordersa 

 Β 95% CI p 
Event stress    
Controls 0.062 0.049 – 0.074 <0.001 
Relatives  0.049 0.032 – 0.065 <0.001 
Patients 0.119 0.104 – 0.133 <0.001 
a Results are adjusted for age, sex and PANSS positive symptoms and negative symptoms 

Urbanicity as a modifier 

Follow-up investigation of the significant interaction between urbanicity and SS re-
vealed that the association between NA and SS, became smaller in areas with a higher 
level of urbanicity: for a given level of SS, a smaller increase in NA was apparent in both 
the total sample and in patients, relatives and control strata, separately (Table 4; Figure 
1). Excluding participants with (a history of) mood disorders only produced negligible 
differences compared to the original results (data not shown). 
 

 

Figure 1. Effect sizes of subjective stress on negative affect across five levels of urbanicity. Effect sizes are the fixed
regression coefficients (B) from the multilevel random regression model with NA as dependent variable and subjec-
tive stress as the independent variable both in the total sample and separately in controls, relatives and patients. 
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Sensitivity analysis 

A qq-plot of the regression residuals was suggestive for a slightly uneven distribution. 
Therefore, we performed a sensitivity analysis of our final model including the two two-
way interactions between group status and SS and between urbanicity and SS, using 
distribution-free bootstrap analysis. Both interactions were still statistically significant 
after bootstrap analysis (group status X SS: χ2 = 17.09, df=1, p<0.001; urbanicity X SS: χ2 
= 5.27, df=1, p = 0.0217). 

The sensitivity analyses with random slopes in addition to random intercepts, in 
comparison to the model with only random intercepts, showed that the two-way inter-
action group status X SS was still significant (χ2 = 9.88, df = 1, p = 0.002). The urbanicity 
X SS interaction was no longer significant by conventional alpha (χ2 = 2.42, df = 1, p = 
0.12), but was still suggestive for interaction and further stratification showed results 
that were comparable to the results using random intercepts only. 

DISCUSSION 

Although studies are consistent in showing that urbanicity is associated with elevated 
risk for psychosis, the underlying mechanisms remain to be elucidated. There is con-
sistent evidence that psychotic patients display elevated levels of NA in relation to sub-
jective stress (SS) (21). Recent findings by Lederbogen and colleagues (23) suggest that 
urbanicity influences stress processing in the non-patient population. The current find-
ings confirmed that patients with psychotic disorder displayed higher levels of NA in 
relation to SS, regardless of level of urbanicity (Figure 1). In addition, there was evi-
dence that urbanicity impacted the change in NA in relation to SS not only in the patient 
group, but also in the group of relatives and the group of well controls, with strong and 
consistent evidence of dose-response. However, contrary to expectation, results also 
indicated that urbanicity was associated with blunted rather than enhanced increase in 
NA, consistently across the three groups. Group status and urbanicity did not modify 
each other’s effects on the change of NA in relation to SS.  

Our observational results, therefore, contrast with the experimental findings report-
ed by Lederbogen and colleagues, who reported that urbanicity was associated with 
sensitized social stress processing (23). The study of Lederbogen and the current study 
used contrasting methods to assess NA and stress: Lederbogen used fMRI and an exper-
imental social stress paradigm to measure social stress processing, which can be con-
sidered laboratory-driven; in the current study, however, we used the experience sam-
pling method to assess NA and SS, which can be considered more ecologically-driven. 
There are no studies directly comparing the fMRI bold signal occasioned by an experi-
mental social stress paradigm in the scanner and ESM ecological measures of NA and SS 
in the flow of daily life. Differences between the two studies likely will be reducible to 
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differences in methodology but are difficult to interpret in the absence of direct com-
parison material.  

A possible explanation of these paradoxical results is that the altered change in NA in 
relation SS may not lie on the causal pathway between urbanicity and psychosis - rather, 
it may be considered an interesting epiphenomenon associated with urban life but not 
relevant for the association between urban environment and psychotic disorder. Another 
way to explain our results, is that while we focused on the impact of childhood urban 
environment on emotional reactivity, it may be that urban environment in adult life has 
an additional impact. Finally, it could be that the urban environment involves exposure to 
more and stronger SS, and that individuals may develop behavioral adaptation by "shut-
ting off" from the social environment resulting in blunted increase in NA and secondary 
behavioral withdrawal. In the case of liability to psychotic disorder, reduced interaction 
with the social world may result in failure to correct early reality distortion (reality testing 
hypothesis) that subsequently may give rise to overt psychotic symptoms.  

In line with previous work, results indicate that psychotic disorder and higher level of 
familial risk for psychotic disorder are associated with increased emotional reactivity to SS 
in a dose-response relationship (21, 35). There is replicated evidence that childhood trau-
ma is also associated with increased emotional reactivity to SS as assessed by ESM (26-29), 
suggestive for a mechanism of behavioral sensitization. Therefore, childhood trauma and 
urban environment, although both associated with increased risk for psychotic disorder, do 
not concur in their impact on emotional response to stress and it remains unclear to what 
degree both findings are similarly relevant for the onset of psychotic disorder. 

Limitations 

The present results should be interpreted in the light of several limitations. First, the 
cross-sectional nature of the current data limits inference about causal directional rela-
tionships. However, the evidence supporting a gradient (dose response relationship), 
the strength of the association and the consistency of findings across different groups 
(patients, relatives and controls), support causality. Second, the use of ESM in the ‘pa-
per and pencil’ form may be considered less reliable than using electronic devices (36). 
However, a comparative study concluded that both methods yielded similar results (37). 
Third, because of high between-subject heterogeneity in relation to interpretation of 
questions, subjective reports often are considered less reliable than subjective ap-
proaches (38). However, the validity of objective approaches should also not be taken 
for granted, because they ignore the person’s own experience. Therefore, given that 
experience of stress is essentially subjective, methodology is required that can capture 
subjective experience, like ESM, using the individual's subjective baseline as person-
specific reference against which to measure change. 

Another possible limitation is the retrospective retrieval of residential history which 
does not allow us to rule out the possibility of recall error which, if differential, could 
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have resulted in bias. Fifth, we studied the emotional reaction to SS (21), but the re-
verse cannot be excluded: low mood may result in subjective appraisals of the environ-
ment. Although SS and NA are closely linked, they do not a priori represent identical 
phenomena, as evidenced in the current report: SS differed significantly over the differ-
ent urbanicity strata, with lower levels of SS in the more urban areas, while there was 
no large or significant variation of NA across the separate urbanicity strata.  

Three individuals in the patient group, twelve in the relative group and two in the 
control group were excluded from the analysis, because they were unable to comply 
with the ESM protocol. This may have biased the results, however only in the unlikely 
scenario that attrition was associated differentially with the impact of the urban envi-
ronment on negative affect.  Seventh, it could be argued that exclusion of diary entries 
recorded fifteen minutes or later after the last beep, could lead to selection and possi-
bly bias. Persons who are more emotionally reactive to SS may not be able to complete 
a diary form immediately when a stressful event happens because of high levels of neg-
ative emotions. However, if this were the case, the selection would be consistent across 
study groups. Furthermore, a study among patients with borderline personality disorder 
(39), who are known to have a high level of stress reactivity, showed markedly higher 
levels of emotional reactivity in this group, even after exclusion of all ESM data record-
ed 15 minutes after the beep, which makes it unlikely that the 15-minute selection 
threshold results in exclusion of more reactive individuals. Also, Delespaul (30) demon-
strated that delayed reports (15-30 minutes and longer) display less reactivity. Eight, 
individuals living in urban environments may be selected by certain personality traits, 
for example low levels of NA in relation to SS. In this case, interpretation of causality 
from urban environment to behavioural outcome should be reversed in the sense that 
the behavioural trait predisposes for urban living. Although we cannot exclude this 
mechanism of person-environment correlation, the environmental exposure could not 
have been selected by the subjects themselves, as living environment between the ages 
of 0 and 15 years is determined by the parents. 

Finally, the results section presents "main effects" of SS as well as regression coeffi-
cients for patients, controls and relatives, while ignoring interaction between SS and 
urbanicity. However, the results in table 3 taking both urbanicity and group status into 
account, are the final and most correct results. 

Conclusion 

The results suggest that early urban environment may impact adult change in NA in 
relation to SS, however its relevance to psychosis is unclear. More research is required 
with more detailed measures of risk-increasing and risk-decreasing elements over the 
life course in urban environments. Also, contextual level influences in the wider social 
environment need to be taken into account.  
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ABSTRACT 

Background  
Urban upbringing and childhood trauma are both associated with psychotic disorders. 
However, the association between childhood urbanicity and childhood trauma in psy-
chosis is poorly understood. The urban environment could occasion a background of 
social adversity against which any effect of childhood trauma increases. Also, any im-
pact of the urban environment on likelihood of exposure to childhood trauma could be 
stronger in children who later develop psychotic disorder. The aim of this study was 
twofold: (i) to investigate whether childhood urbanicity moderates the effect of child-
hood trauma, in a model predicting psychotic disorder; (ii) to investigate whether there 
is an association between the urban environment and childhood trauma and whether 
this is moderated by genetic liability for psychotic disorder. 
 
Methods  
Patients with a diagnosis of non-affective psychotic disorder (n=1119) and 589 healthy 
controles from the Netherlands and Belgium were studied. Childhood trauma was as-
sessed with the Dutch version of the Childhood Trauma Questionnaire -Short Form. 
Urban exposure was defined at 4 levels, considering the population density, using data 
from Statistics Netherlands and the equivalent database in Belgium. 
 
Results  
There was a significant interaction between childhood urbanicity on the one hand and 
childhood trauma on the other, indicating that trauma was significantly associated with 
psychotic disorder, with increasing odds ratios for higher levels of childhood urbanicity. 
In addition, there was weak evidence that childhood urbanicity was associated with 
childhood trauma in the patient group: higher levels of childhood urbanicity were asso-
ciated with higher trauma scores. 
 
Conclusion  
The urban environment may moderate the risk-increasing effect of childhood trauma 
for psychotic disorder and childhood urbanicity may be a risk factor for childhood trau-
ma in individuals who later develop psychotic disorder. 
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INTRODUCTION 

Urban birth and urban upbringing (1-4), and childhood trauma (5-9) are both associated 
with psychotic disorder. The dynamics underlying the triangular association between 
childhood urbanicity, childhood trauma and psychosis remains poorly understood but is 
of considerable interest in the prevention and management of risk given childhood 
exposure to adversity.  

There is evidence that the incidence of childhood trauma is linked to aspects of the 
urban environment: neighbourhood factors, such as impoverishment and child care 
burden (ratio of children to adults, and the ratio of males to females), significantly in-
crease child abuse (10). Lower levels of social capital inherent to higher levels of ur-
banicity have been found to increase the odds of neglectful parenting, psychologically 
harsh parenting, and domestic violence (11).  

It is not known whether urbanization moderates the effect of childhood trauma in 
psychosis. It may be hypothesized that the urban environment occasions a background 
of social adversity against which any effect of childhood trauma increases, which would 
indicate a model of moderation (Figure 1). A related hypothesis is that any impact of the 
urban environment on the likelihood of exposure to childhood trauma is stronger in 
children with higher level of genetic risk for psychotic disorder (moderation by genetic 
risk; Figure 2). For example, early alterations in social cognition (12-15) may increase 
the likelihood of exposure to childhood adversities in individuals who later develop 
psychotic disorder, when brought up in an urban environment. To address these issues, 
triangular associations between urbanicity, trauma and psychosis were examined in two 
directions: (i) is there evidence that childhood urban environment moderates the effect 
of childhood trauma on the development of psychotic disorder and (ii) is there evidence 
of an association between the urban environment and childhood trauma, and is this 
contingent on genetic liability for psychotic disorder? 

 

 

Figure 1. Childhood urbanicity moderates the association between childhood trauma and psychotic disorder.
Childhood urbanicity is associated with social adversity, which is associated with stress. Any effect of child-
hood trauma on psychotic disorder in the urban environment may increase because of higher background
levels of stress.  
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Figure 2. The association between childhood trauma and childhood urbanicity is moderated by genetic risk for
psychotic disorder. When brought up in an urban environment with more social competition, genetic risk for
psychotic disorder may increase the likelihood of exposure to childhood adversity, mediated by altered func-
tioning of social cognition.  

MATERIALS AND METHODS 

Participants 

Data pertain to baseline measures of the ongoing multisite, longitudinal, naturalistic 
cohort study, the Dutch national Genetic Risk and Outcome in Psychosis (GROUP) pro-
ject (16). The full sample consisted of 1119 patients diagnosed with a non-affective 
psychotic disorder, 1057 of their siblings, 919 parents of the patients and their siblings, 
and 589 unrelated healthy controls subjects from the general population from the 
Netherlands and Belgium. Parents and siblings were not included in the current analysis.  

In selected representative geographical areas of the Netherlands and (the Dutch 
speaking part of) Belgium, patients were identified through clinicians working in region-
al psychosis departments or academic centres, whose caseload was screened for inclu-
sion criteria. Subsequently, a group of patients with a clinical diagnosis of non-affective 
psychotic disorder presenting consecutively at these services either as outpatients or 
inpatients were recruited for the study. Over 30 interviewers per site were trained for 
administering the assessments. The interviewers consisted of research assistants, psy-
chologists, 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 practice 
the assessments of all measures used in the GROUP project. 

Assessments took place at one of the participating regional psychosis departments 
or academic centres in and around Amsterdam, Utrecht, Groningen and Maastricht. If 
participants were unable to visit the institute, assessments at home were offered.  

Inclusion criteria were the following: (1) age range 16 to 50 years; (2) diagnosis of 
non-affective psychotic disorder; (3) sufficient command of the Dutch language; and (4) 
a first contact with mental health facilities within the last 10 years. Controls had no first-
degree relative with a psychotic disorder as established by the Family Interview for 
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Genetic Studies (17) with the control as informant. Diagnosis was based on the DSM-IV-
TR criteria (18) assessed with the Comprehensive Assessment of Symptoms and History 
interview (19) or Schedules for Clinical Assessment for Neuropsychiatry version2.1 (20). 

The study was approved centrally by the Ethical Review Board of the University 
Medical Centre Utrecht. Written informed consent was obtained from all subjects after 
they (1) read a document with detailed information about the nature and possible con-
sequences of the study; (2) had verbally discussed any possible concerns with the re-
searcher; and (3) had provided clear indication that they had understood the proce-
dure. In the Netherlands, adult patients with mental illness are considered participating 
citizens who have the right to make independent informed decisions including the au-
tonomous decision to participate in research; therefore, consent of relatives was not 
sought.  

Childhood trauma 

Childhood trauma was assessed with the Dutch version of the Childhood Trauma Ques-
tionnaire Short Form (CTQ)(21). The short CTQ consists of 25 items rated on a 5-point 
Likert scale (1 = never true to 5 = very often true) enquiring about traumatic experienc-
es in childhood. Five types of childhood maltreatment were assessed: emotional, physi-
cal and sexual abuse, and emotional and physical neglect, with five questions covering 
each type of trauma. The mean score for all 25 items was used as the total trauma rat-
ing (CTQ-total). CTQ data were missing for 454 persons (27% missing data, see below). 
The trauma variable was dichotomized a priori into high trauma and low trauma. Con-
form previous analyses, the cut-off was defined as the 80th percentile of scores for the 
healthy comparison subjects (8).  Subjects with a score of 1.52 or higher were in the 
high-trauma group. 

Level of Urbanicity 

A historical population density record was generated for each municipality from 1930 
onwards using historical data from Statistics Netherlands and the equivalent database in 
Belgium (22, 23). When data was not available, missing data were calculated by linear 
extrapolation between two subsequent time-points. When historical names of munici-
palities disappeared from historical records (e.g. due to city mergers) the available data 
from the agglomerate city were used. Subjects were asked to describe where they had 
lived at birth, between ages 0-4 years; between 5-9 years; 10-14 years; 15-19 years; 20-
39 years; 40-59 years; and 60+ up to the actual age. This resulted in a number of rec-
ords for each subject, containing locations by age period. For each of these records, we 
computed the average population density (by square kilometre, excluding water) of the 
municipality for the matching periods. Average population density over the period was 
categorized in accordance with the Dutch CBS urbanicity rating (1=<500/km2; 2=500-
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1000/km2; 3=1000-1500/km2; 4=1500-2500/km2; 5=2500+/km2). The periods 0-4 years, 
5-9 years and 10-14 years were collapsed to produce average urbanicity exposure be-
tween 0-14 years, rounded to the nearest whole number. Categories 3 and 4 were 
combined into a single category, because numbers of participants in these two catego-
ries were small compared to the other categories, this resulted in 4 categories 
(1=<500/km2; 2=500-1000/km2; 3=1000-2500/km2; 4=2500+/km2). The latter was used 
as the primary variable reflecting childhood urbanicity exposure in the analyses. Ur-
banicity data was missing for 148 persons (9% missing data). 

Intelligence Quotient 

To estimate IQ we used four subtests of the Dutch version of the Wechsler Adult Intelli-
gence Scale-III (WAIS-III)(24) consisting of the subtests ‘Information’, ‘Block Design’, 
‘Digit Symbol Coding’ and ‘Arithmetic’. The combination of these four subtests has been 
shown reliable for estimating IQ in schizophrenia patients and controls(25).  

Statistical analyses 

All analyses were performed using Stata 12 (26). To test the first hypothesis (childhood 
urbanicity moderates the association between childhood trauma and psychotic disor-
der) logistic regression models were fitted with group (group status defined as: control 
or patient) as the dependent variable and childhood trauma and childhood urbanicity as 
independent variables and age and sex as possible confounders. The two-way interac-
tion between urbanicity (entered as a linear variable and dummy variable in separate 
models) and trauma (entered as a linear variable and a dichotomous variable in sepa-
rate models) was added to the model to test for moderation. Interactions were evaluat-
ed by Wald test(27). In the case of significant interaction, odds ratios of trauma per 
category of urbanicity were calculated using the model containing the interactions, 
applying the Stata LINCOM routine. 

To test the second hypothesis (the level of urbanization may be more strongly asso-
ciated with childhood trauma in children who later develop psychotic disorder) linear 
regression models were fitted with the trauma rating as the dependent variable and 
group and childhood urbanicity as independent variables, adding age and sex as possi-
ble confounders. Because of the uneven distribution of CTQ-total a qq-plot of the re-
gression residuals was made, to check for possible violation of model assumptions. In 
order to model the possible modifying effect of childhood urbanicity on measures of 
proxy genetic risk, the two-way interaction between urbanicity (entered as a linear 
variable and dummy variable) and group was added to the model. Again, interactions 
were evaluated by Wald test(27).  In the case of significant interaction, effect sizes were 
calculated by combination of effects from the model containing the interactions using 
the Stata LINCOM routine. Childhood trauma and childhood urbanicity scores were not 
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available for all participants, therefore 696 patients and 467 controls were included in 
the final analyses. 

To account for missing values in CTQ-total, sensitivity analyses were performed us-
ing the Stata multiple imputation suite of commands (mi). Missing values were assumed 
to be missing at random (MAR) and sex, group and educational level were used to im-
pute missing values for trauma. All interaction models were imputed 10 times.  

RESULTS  

Participants, descriptives and main effects 

The total sample consisted of 1119 patients with a diagnosis of non-affective psychotic 
disorder and 589 control subjects. Sociodemographic and clinical characteristics of the 
final sample are summarized in Table 1. Sixteen patients had a diagnosis of depression 
of anxiety disorder; these patients were retained in the analyses given that they had a 
past clinical diagnosis of psychotic disorder based on which they had been selected into 
the sample. The patient group had a higher proportion of men and displayed lower IQ 
than the control group. Multilevel linear regression analysis showed that CTQ-total was 
significantly higher in the patient group compared to the control group. Childhood ur-
banicity did not differ between the two groups (patients: B = 0.02, p = 0.83). Childhood 
urbanicity was not significantly associated with childhood trauma in the total sample (B 
= 0.02, p = 0.06). 

Childhood urbanicity moderates the association between childhood trauma and 
psychosis 

The two-way interaction term childhood trauma X childhood urbanicity (both variables 
entered as linear variables) was significant in the case-control model (χ2 = 7.06, df = 1, p 
= 0.01). High CTQ-scores were associated with psychotic disorder with increasing odds 
ratios for higher levels of childhood urbanicity (Table 2). The odds ratios increased 
roughly linear with higher levels of childhood urbanicity. 

Association between urbanicity and trauma and moderation by genetic risk 

The two-way interaction term group X childhood urbanicity was statistically significant 
in the models analysing CTQ-total (χ2 = 5.79, df = 1, p=0.02). The direction of effects in 
the patients and in the controls appeared to be opposite, although not significantly so 
and may reflect a chance finding. In the patients, CTQ-total score increased with higher 
levels of childhood urbanicity (B linear trend = 0.02, p = 0.10). In the control group, 
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increasing levels of childhood urbanicity were associated with lower CTQ-total scores (B 
Linear trend = -0.03, p=0.08) (Table 3). 
 
Table 1. Subject demographics 

 Patients 
(n = 1119) 

Controls 
(n = 589) 

Age  27.6 ± 8.0 30.4 ± 10.6 

Sex n (%), male 852 (76.1) 269 (45.6) 

Ethnicity   

Caucasian n (%) 857 (76.6) 530 (90.0) 

Other n (%) 262 (23.4) 59 (10.0) 

Childhood Urbanicitya 2.7 ± 1.6 2.6 ± 1.6 

CTQb 1.6 ± 0.5 1.3 ± 0.4 

Diagnosis n (%)   

   No diagnosis on axis I - 536 (91.0) 

   Schizophrenia related disorder 792 (71.4) - 

   Schizoaffective disorder 120 (10.8) - 

   Brief psychotic disorder 33 (3.0) - 

   Delusional disorder 22 (2.0) - 

   Substance induced psychotic disorder 5 (0.5) - 

   Psychotic disorder NOS 118 (10.6) - 

   Psychotic Disorder Due to Medical Condition 1 (0.1) - 

   Mood disorder 16 (1.4) 52 (8.8) 

   Delirium 1 (0.1) - 

   Anxiety related disorder - 1 (0.2) 

   Substance related disorder 1 (0.1) - 
a Five levels op urbanicity/population density 1=<500 inhabitants/km2; 2=500-1000 inhabitants/km2; 3= 
inhabitants 1000-1500/km2; 4= inhabitants 1500-2500/km2; 5=2500+/km 
b CTQ = Childhood Trauma Questionnaire, range 1-5 

 
Table 2. Association between high trauma scoresa and patient status across levels of childhood urbanicityb 

 Odds ratio 95% CI P 

Urbanicity 1 2.76 1.71-4.46 <0.001 

Urbanicity 2 4.12 2.27-7.45 <0.001 

Urbanicity 3 5.61 2.78-11.33 <0.001 

Urbanicity 4 5.66 2.87-11.16 <0.001 

CI confidence interval 
a  The trauma variables were dichotomized a priori into high trauma and low trauma. The cutoff was defined 
as the 80th percentile of scores for the healthy comparison subjects. 
b Four levels of urbanicity/population density 1=<500 inhabitants/km2; 2=500-1000 inhabitants/km2; 3= inhab-
itants 1000-2500/km2; 4=2500+/km 
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Table 3. Mean CTQ-total scores by group and level of childhood urbanicitya 

 Patients  Controls 

Urbanicity N Mean CTQ (SD) B (p) N Mean CTQ (SD) B (p) 

1 239 1.55 (0.46)  174 1.40 (0.39)  

2 157 1.69 (0.54) 0.13 (<0.01) 107 1.36 (0.40) -0.03 (0.60) 

3 144 1.58 (0.49) 0.02 (0.64) 91 1.26 (0.26) -0.12 (0.04) 

4 156 1.65 (0.52) 0.10 (0.03) 95 1.32 (0.29) -0.07 (0.21) 

B linear trend   0.02 (0.10)   -0.03 (0.08) 

CTQ childhood trauma questionnaire 
SD standard deviation 
B represents the regression coefficients from multilevel linear regression analyses, adjusted for age and sex 
a Four levels of urbanicity/population density 1=<500 inhabitants/km2; 2=500-1000 inhabitants/km2; 3= inhab-
itants 1000-2500/km2; 4=2500+/km. 

Sensitivity analysis 

After imputation, the interaction between childhood trauma and childhood urbanicity in 
the model predicting case-control status was no longer statistically significant by con-
ventional alpha, but was still suggestive for interaction (χ2 = 3.58, df = 1, p = 0.06). The 
interaction between childhood urbanicity and group in the model predicting CTQ-total 
also was reduced but still suggestive for interaction (χ2 = 3.47, df = 1, p = 0.06). 

DISCUSSION 

The association between childhood trauma, childhood urbanicity and psychotic disorder 
was examined. Childhood urbanicity appeared to moderate the association between 
childhood trauma and psychosis: the risk-increasing effect of childhood trauma for 
psychotic disorder was stronger for higher levels of childhood urbanicity. Further, child-
hood urbanicity was at trend-level associated with childhood trauma: higher levels of 
childhood urbanicity were associated with higher trauma scores, but only in the patient 
group.  

The finding that childhood urbanicity moderates the effects of childhood trauma is 
new, but also in line with previous findings concerning other risk factors. Kuepper and 
colleagues (28) suggested that urbanicity moderates the effect of cannabis use. The 
effect of cannabis use on psychotic symptoms was stronger in individuals who grew up 
in an urban environment, compared to those who grew up in a rural environment. In 
addition, the co-occurrence of multiple environmental risk factors for psychosis in per-
sons with low-grade psychotic experiences, including childhood trauma and childhood 
urbanicity, has been associated with persistence of psychotic symptoms (29). 

Childhood urbanicity may moderate the effect of childhood adversity by creating 
additional exposure to stress(30). Childhood trauma has been associated with altera-
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tions of the mechanisms subserving stress regulation and with altered functioning of 
the hypothalamic-pituitary-adrenal axis (HPA-axis) (31, 32). Higher levels of social isola-
tion (33) and social defeat (34) in urban areas can lead to higher background levels of 
stress, which may have an additional effect on the HPA-axis. Altered functioning of the 
hypothalamic-pituitary-adrenal axis may impact dopaminergic signalling, and may lead 
to sensitization of mesolimbic dopamine neurons in early adulthood, contributing to 
onset of psychosis (32). 

Childhood abuse and childhood neglect are two different aspects of childhood 
trauma. In post-hoc analyses childhood abuse and child neglect were examined sepa-
rately in the model predicting psychotic disorder. Childhood urbanicity appeared to 
strengthen the association between childhood neglect and psychotic disorder more 
than the association between childhood abuse and psychotic disorder. Childhood ne-
glect has been linked to the absence of social support, social isolation, and being in a 
financially disadvantaged position, all predicting suboptimal parenting (35-37). Higher 
levels of perceived social isolation in urban areas (33) and greater exposure to social 
"defeat" occasioned by higher levels of competition in cities (34) are proposed mecha-
nisms for the association between childhood urbanicity and psychotic disorders. It is 
conceivable that such disadvantages occasioned by the urban environment intensify 
any effects of childhood neglect. 

Previous studies reported an association between childhood trauma and childhood 
urbanicity in the non-psychotic population. Drake et al. found that especially childhood 
neglect, and not psychological or sexual abuse, was most powerfully associated with 
urban neighbourhood poverty (38). Breakdown of community social control and organi-
zation is associated with an increase of child maltreatment (39). Neighbourhood charac-
teristics seem to have an effect on parents’ level of stress and personal control, which in 
turn is a risk factor for physical child abuse and neglect (40, 41). Also the protective 
influence of social support on parenting behaviour diminishes in poor and dangerous 
neighbourhoods(42). In our total study sample, the association between childhood 
trauma and childhood urbanicity was in the same direction, although it was only signifi-
cant at trend level. An explanation of the absence of a significant association could be 
that the number of participants in the higher urbanicity levels was relatively small com-
pared to the lower urbanicity levels, resulting in low power. These results have to be 
interpreted carefully since more than 50% of the study subjects were patients, which 
may have biased these results. In a different population based sample this association 
may be even less or absent. 

Our results suggest that individuals who later develop psychotic disorder could be 
more susceptible to exposure to childhood trauma when growing up in an urban envi-
ronment. In controls no such trend was apparent. Because childhood trauma (9) and 
childhood urbanicity (43) both appear to be substantial risk factors for psychotic disor-
ders, growing up in a city and the subsequently higher risk for childhood trauma (gene 
environment co-association) will even further increase the risk of psychotic disorder.  
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One possible explanation for these findings is that impaired social cognition com-
bined with living in an urban environment, with higher levels of social competition, 
could increase the likelihood to experience interpersonal adversity and, possibly, child-
hood trauma. From meta-analytic evidence, it is known that social cognition is impaired 
in psychotic disorder (12). In addition, social cognition is not only altered in psychotic 
disorder, but also in persons at genetic and clinical high risk for psychosis (13-15). 
Therefore, alterations in social cognition may represent a candidate explanation for the 
association between urbanicity and trauma in persons at higher genetic risk for psychot-
ic disorder.  This explanation needs to be tested in future research; just as replication of 
the current findings is necessary. It is also conceivable that the association between 
childhood trauma and social cognition is inverted: experience of childhood trauma may 
result in impaired social cognition. If this is the case than impaired social cognition could 
be on the causal pathway from childhood trauma to psychotic disorder. This concept is 
supported by a study showing deficits in theory of mind after deprivation during child-
hood (44). 

The results may be compatible with childhood trauma partially mediating the asso-
ciation between childhood urbanicity and psychotic disorder. As this data set did not 
reveal an association between childhood urbanicity and psychotic disorder, the possibil-
ity of mediation by childhood trauma could not be tested. There was an association 
between childhood trauma and psychotic disorder in the study sample and therefor 
moderation by childhood urbanicity could be explored. The hypothesis of childhood 
urbanicity (partially) mediating the association between childhood trauma and psychot-
ic disorder also could not be tested because of the absence of an association between 
urbanicity and psychotic disorder. Moreover, childhood trauma contributing to child-
hood urbanicity has less face validity than childhood urbanicity contributing to risk of 
childhood trauma. 

Limitations 

First, our findings must be interpreted with caution because the effect sizes were rela-
tively small. Second, 27% of the trauma data was missing. However, sensitivity analyses 
imputing missing data showed similar results. Third, the cross-sectional and retrospec-
tive design of the present data analysis does not allow us to establish a causal link be-
tween childhood urbanicity, childhood trauma and psychosis. From these data we can 
only conclude that there is an association, indicating that causality has to be further 
investigated in future research. Further, case-control studies are sensitive to selection 
bias. Participation of the control subjects could have been influenced by self-selection 
of persons with higher levels of childhood trauma. However, if this were the case, the 
analyses may be considered conservative. If the opposite were true and control subjects 
with a history of childhood trauma were less likely to participate, there may be an over-
estimation of the effect. Thus, data have to be interpreted with awareness of a possible 
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selection bias. Fourth, the childhood trauma questionnaire is a retrospective and self-
reported questionnaire. Nevertheless, the childhood trauma questionnaire is reliable in 
assessing trauma accurately (45, 46). Finally, the participants grew up in the Nether-
lands and Belgium which can be described as relative safe and well developed coun-
tries; in other countries urban-rural discrepancies may be more prominent. However, if 
this were true effect sizes in other countries would be more substantial.  

CONCLUSION 

The results substantially support that childhood urbanicity moderates the association 
between childhood trauma and psychotic disorder, and tentatively indicate that child-
hood urbanicity may be a risk factor for childhood trauma in individuals with a high 
genetic liability for psychotic disorder. Future research is needed to replicate these 
findings and also more research on the risk-increasing mechanisms, e.g. evaluating 
social cognition, in urban environments is required. 
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ABSTRACT 

Background 
 Early social and cognitive alterations in psychotic disorder, associated with familial 
liability and environmental exposures, may contribute to lower than expected educa-
tional achievement. The aims of the present study were to investigate (i) how differ-
ences in educational level between parents and their children vary across patients, their 
healthy siblings and healthy controls (effect familial liability), and across two environ-
mental risk factors for psychotic disorder: childhood trauma and childhood urban expo-
sure (effect environment); and (ii) to what degree the association between familial 
liability and educational differential was moderated by the environmental exposures. 
 
Methods  
Patients with a diagnosis of non-affective psychotic disorder (n=629), 552 non-psychotic 
siblings and 326 healthy controls from the Netherlands and Belgium were studied. Par-
ticipants reported their highest level of education and that of their parents. Childhood 
trauma was assessed with the Dutch version of the Childhood Trauma Questionnaire -
Short Form. Urban exposure, expressed as population density, was rated across 5 levels. 
 
Results  
Overall, participants had a higher level of education than their parents. This difference 
was significantly reduced in the patient group, and the healthy siblings displayed inter-
generational differences that were in between those of controls and patients. Higher 
levels of childhood urban exposure were also associated with a smaller intergeneration-
al educational differential. There was no evidence for differential sensitivity to child-
hood trauma and childhood urbanicity across the three groups. 
 
Conclusion  
Intergenerational difference in educational achievements is decreased in patients with 
psychotic disorder and to a lesser extent in siblings of patients with psychotic disorder, 
and across higher levels of childhood urban exposure. More research is required to 
better understand the dynamics between early social and cognitive alterations in those 
at risk in relation to progress through the educational system and to understand the 
interaction between urban environment and educational outcomes. 
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INTRODUCTION 

Cognitive alterations are core features during all phases of psychotic disorder, including 
premorbid state, onset, and longitudinal course (1-5). Cognitive alterations are associ-
ated with disabilities in every day functioning (6). The origin of cognitive alterations 
remains unclear, and may be confounded by motivational factors (7). Nevertheless, as 
cognitive alterations are present in the premorbid phases of psychosis (4, 5) and unaf-
fected siblings show impaired cognitive functioning (8-10), developmental and genetic 
origins are likely. 

Other substantiations for a developmental route come from a large Swedish birth 
cohort which showed lower level of school performance was associated with the devel-
opment of schizophrenia (11). Early cognitive alterations may thus contribute to altera-
tions in educational achievement. However, other studies on scholastic achievement 
did not find such a clear association with development of psychotic disorder. Not being 
in the expected class at age 14 predicted future hospital-treated disorders, but not 
specifically psychotic disorder (12) and poor school performance in art and handicrafts, 
but not academic performance was a risk factor for schizophrenia (13). 

Investigating cognitive alterations in relation to educational achievement is im-
portant as it may shed light on the early origins of social disability associated with cogni-
tive alterations in psychotic disorder. A range of non-cognitive factors are known to 
influence school performance and educational outcomes, socioeconomic status (14) 
and obstetric/perinatal complications (15-17) being well-known examples. 

Few studies (1, 11) on cognitive or scholastic performance in psychotic disorder in-
cluded data on educational performance of the parents. Parental educational level is 
required in order to interpret actual educational level in relation to the expected educa-
tional level as predicted by parental education (1). No studies on educational perfor-
mance included the unaffected siblings of patients with psychotic disorder, which simi-
larly will increase the accuracy of interpreting actual versus expected educational level. 
As far as we are aware, it remains unknown whether unaffected siblings of patients with 
a psychotic disorder perform below the expected level in school. Furthermore, cognitive 
functioning in psychotic disorder is associated with socio-demographic factors, such as 
childhood trauma and stress (3) and urban habitat(18). Stress and altered functioning of 
the hypothalamic-pituitary-adrenal (HPA) axis, with harmful effects of stress and gluco-
corticoids on the brain is a possible explanation for this association(19). As these factors 
may thus impact the association between cognitive alterations and educational 
achievement, inclusion of these in the analyses may be profitable. 

The aim of the present study was to investigate : (i) how differences in educational 
level between parents and their children vary across patients, their healthy siblings and 
healthy controls (effect familial liability), and across two environmental risk factors for 
psychotic disorder: childhood trauma and childhood urban exposure (effect environ-
ment); and (ii) to what degree the association between familial liability and educational 
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differential was moderated by the environmental exposures (childhood trauma and 
childhood urbanicity).It was hypothesized that patients had lower levels of education 
compared to their parents, than controls in comparison with their parents, and that the 
healthy siblings were in between the controls and the patients in this respect. Child-
hood urban exposure and childhood trauma were hypothesized to negatively impact 
the educational differential. Thus, it was expected that in the patient group, and to a 
lesser degree in the sibling group, both environmental exposures would negatively 
influence the educational difference. 

MATERIALS AND METHODS 

Participants 

Data pertain to baseline measures of an ongoing multisite, longitudinal, naturalistic 
cohort study, the Dutch national Genetic Risk and Outcome in Psychosis (GROUP) pro-
ject (20). Because data on parental education were not collected for the region Gro-
ningen, this region was excluded from the analysis. Participants younger than 23 years 
of age were also excluded from the analysis, because it is less likely that they would 
have completed their educational potential (21). The sample thus consisted of 629 
patients diagnosed with a non-affective psychotic disorder, 552 of their siblings, and 
326 unrelated healthy control subjects from the general population from the Nether-
lands and Belgium. Controls were selected through a system of random mailings to 
addresses in the catchment areas of the cases. Exclusion criteria for controls were life-
time psychotic disorder and having a first degree relative with a lifetime psychotic dis-
order. The full selection procedure and in- and exclusion criteria have been described 
previously (20). 

The study was approved centrally by the Ethical Review Board of the University 
Medical Centre Utrecht. Written informed consent was obtained from all subjects after 
they (1) read a document with detailed information about the nature and possible con-
sequences of the study; (2) had verbally discussed any possible concerns with the re-
searcher; and (3) had provided clear indication that they had understood the proce-
dure. In the Netherlands, adult patients with mental illness are considered participating 
citizens who have the right to make independent informed decisions including the au-
tonomous decision to participate in research; therefore, consent of relatives was not 
sought. 

Education 

In the Netherlands, most schools are state schools which are organized in primary, sec-
ondary and tertiary education tiers. From 4 until 12 years of age, all children receive 
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primary education. After 12 years, children attend one of four levels of secondary edu-
cation (low, intermediate, high preparatory vocational and pre-university); each level 
requires increasing intellectual and scholastic abilities. After passing the exams in sec-
ondary education, there are three possible levels of tertiary education (intermediate 
professional education, higher professional education and university).  

Participants were asked to report their highest level of education and that of their 
parents, also if not completed. This conservative strategy was chosen as subjects with 
psychotic disorder are less likely to complete their education because of the emergence 
of psychotic symptoms (22)(mean age of onset was 25.0 in this study sample with a 
standard deviation of 6.5). Education was classified across 7 categories: Level 1: no 
education; Level 2: primary school; Level 3: lower secondary education; Level 4: inter-
mediate professional education; Level 5: higher secondary education; Level 6: bachelor 
degree or equivalent (higher professional education); and Level 7: university (master 
degree). 

Childhood trauma 

Childhood trauma was assessed with the Dutch version of the Childhood Trauma Ques-
tionnaire Short Form (CTQ)(23). The short CTQ consists of 25 items rated on a 5-point 
Likert scale (1 = never true to 5 = very often true) enquiring about traumatic experienc-
es in childhood. Five types of childhood maltreatment were assessed: emotional, physi-
cal and sexual abuse, and emotional and physical neglect, with five questions covering 
each type of trauma. The mean score for all 25 items was divided in tertiles (low, medi-
um and high childhood trauma). The latter was used as the primary variable reflecting 
childhood trauma in the analyses. CTQ data were missing for 353 persons (23% missing 
data). 

Level of Childhood Urbanicity 

A historical population density record was generated for each municipality from 1930 
onwards using historical data from Statistics Netherlands and the equivalent database in 
Belgium (24, 25). When data was not available, missing data were calculated by linear 
extrapolation between two subsequent time-points. When historical names of munici-
palities disappeared from historical records (e.g. due to city mergers) the available data 
from the agglomerate city were used. Subjects were asked to describe where they had 
lived at birth, between ages 0-4 years; between 5-9 years; 10-14 years; 15-19 years; 20-
39 years; 40-59 years; and 60+ up to the actual age. This resulted in a number of rec-
ords for each subject, containing locations by age period. For each of these records, we 
computed the average population density (by square kilometre, excluding water) of the 
municipality for the matching periods. Average population density over the period was 
categorized in accordance with the Dutch CBS urbanicity rating (1=<500/km2; 2=500-



Chapter 5 

80 

1000/km2; 3=1000-1500/km2; 4=1500-2500/km2; 5=2500+/km2). The periods 0-4 years, 
5-9 years and 10-14 years were collapsed to produce average urbanicity exposure be-
tween 0-14 years, rounded to the nearest whole number. Urbanicity data was missing 
for 132 persons (9% missing data). 

Statistical analyses 

All analyses were performed using Stata 12 (26). The main outcome variable was differ-
ence in educational level between the subject and highest level of education among the 
two parents (difference in education level (edu-dif) was calculated as: highest parental 
education – education subject).  

To test whether edu-dif varied across patients with psychotic disorder, their healthy 
siblings and healthy controls and across categories of childhood trauma and childhood 
urbanicity, multilevel linear regression models were fitted with edu-dif as the depend-
ent variable and group status (patient, sibling or control), childhood trauma (low, medi-
um and high childhood trauma) and childhood urbanicity (5 levels of childhood urbanici-
ty) as independent variables. Multilevel regression analysis was used to account for 
clustering of repeated measures within families, using the Stata XTMIXED command, 
with family ID modeled as the macro level. The regression coefficient (B) represents the 
effect size of the predictors and can be interpreted as the estimates in equivalent uni-
level linear regression analysis. All independent variables were entered together as 
categorical variables recoded into dummy variables (model 1). In a separate analysis, 
independent variables were entered together as continuous variables in order to obtain 
linear associations (model 2). Age, sex and ethnicity were added as possible confound-
ers. Age was added as confounder given that education, as well as access to education, 
may change over time. For the same reason, sex and ethnicity were added as (possible) 
confounders. 

In order to study to what degree associations between edu-dif on the one hand and 
childhood trauma and childhood urbanicity on the other varied between patients, sib-
lings and controls, two-way interactions between childhood trauma and group and 
between childhood urbanicity and group were added to the model of edu-dif separately 
(childhood trauma and childhood urbanicity are both variables with n categories, en-
tered as a continuous variable and as n-1 dummy variables). In the case of significant 
interaction, stratified effect sizes were calculated by linear combination of the effects 
from the model containing the main effect and the interaction term using the Stata 
MARGINS routine.  
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RESULTS 

Participants 

The total sample consisted of 629 patients with a diagnosis of non-affective psychotic 
disorder, 552 of their siblings and 326 control subjects. Sociodemographic and clinical 
characteristics of the final sample are summarized in Table 1. The patients were young-
er and more often were male. The percentage of non-whites was higher in the patient 
group and the overall CTQ score and childhood urbanicity score were higher in the 
patient group. Patients and siblings had a significantly lower level of education than 
controls (controls: mean = 4.42, sd = 1.31; siblings: mean = 4.24, sd = 1.43; patients: 
mean = 3.76, sd = 1.48; controls compared to patients: p < 0.001; controls compared to 
siblings: p = 0.027). Parental education was significantly higher in the siblings compared 
to controls (controls: mean = 3.28, sd = 1.52; siblings: mean= 3.81, sd = 1.71, controls 
compared to siblings p = 0.004), and similarly directionally higher in the patients      
(patients: mean = 3.58, sd = 1.77, controls compared to patients p = 0.064). 

Educational difference and main effects of group, childhood trauma and 
childhood urbanicity 

In all three groups, edu-dif had a negative value (Table 2, Figure 1), indicating that par-
ticipants had a higher level of education than their parents. There was a significant 
association between group (linear trend) and edu-dif (B = 0.36, p <0.001). Edu-dif was 
significantly less negative in the patient group than in the control group (B = 0.77, p 
<0.001), while siblings were in-between the controls and the patients (B = 0.49, p = 
0.001). The effect of maternal and paternal education was similar (maternal education: 
B linear trend = 0.36, p <0.001, patients: B = 0.77, p <0.001, siblings: B = 0.43, p = 0.003; 
paternal education: B linear trend = 0.34, p < 0.001, patients:  B = 0.77, p < 0.001, sib-
lings: B = 0.54, p < 0.001). 

Edu-dif was not associated with childhood trauma (B linear trend = 0.07, p = 0.279; 
Table 2). Childhood urbanicity was significantly associated with edu-dif (B linear trend = 
0.11, p =0.002), the main contrast being between urbanicity level 1 and the other 4 
categories (Table 2, Figure 2).  

Interaction between group and childhood trauma or childhood urbanicity 

There was no evidence that associations between edu-dif and environmental risks dif-
fered by group (Table 3). 
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Table 1. Subject demographics 

 Patients 
(n = 629) 

Siblings 
(n = 552) 

Controls 
(n = 326) 

Age (±SD) 30.8 ± 7.0 31.6 ± 7.4 35.6 ± 9.0 

Sex n (%), male 484 (77.0) 248 (44.9) 131 (40.2) 

Ethnicity    

Caucasian n (%) 484 (77.0) 462 (83.7) 299 (91.7) 

Other n (%) 145 (23.1) 90 (16.3) 27 (8.3) 

Childhood Urbanicitya 2.9 ± 1.6 2.7 ± 1.5 2.7 ± 1.6 

CTQ (±SD) 1.6 ± 0.5 1.4 ± 0.4 1.4 ± 0.4 

Education n (%)    

No education & primary school 7 (1.2) 4 (0.8) 2 (0.6) 

Lower secondary education 154 (25.0) 69 (13.1) 26 (8.1) 

Intermediate professional education 143 (23.3) 129 (24.5) 68 (21.1) 

Higher secondary education 80 (13.1) 38 (7.2) 34 (10.6) 

Bachelor or equivalent 132 (21.5) 165 (31.4) 122 (37.9) 

Master or equivalent 99 (16.1) 121 (23.0) 70 (21.7) 

Highest parental education n (%)    

No education & primary school 57 (9.8) 28 (5.5) 17 (5.3) 

Lower secondary education 159 (27.2) 146 (28.2) 124 (39.0) 

Intermediate professional education 97 (16.6) 75 (14.5) 53 (16.7) 

Higher secondary education 34 (5.8) 25 (4.8) 28 (8.8) 

Bachelor or equivalent 121 (20.7) 132 (25.5) 67 (21.1) 

Master or equivalent 116 (19.9) 112 (21.6) 29 (9.1) 

Diagnosis n (%)    

Schizophrenia/schizophreniform 456 (73.2)   

Schizoaffective disorder 74 (11.9)   

Brief psychotic disorder 10 (1.6)   

Delusional disorder 8 (1.3)   

Substance induced psychotic disorder 5 (0.8)   

Psychotic disorder NOS 55(8.8)   

Psychotic Disorder Due to Medical Condition 1 (0.2)   

Mood disorder 11 (1.8)   

Delirium 1 (0.2)   

Substance related disorder 1 (0.2)   
aFive levels of urbanicity/population density 1=<500 inhabitants/km2; 2=500-1000 inhabitants/km2; 3= inhab-
itants 1000-1500/km2; 4= inhabitants 1500-2500/km2; 5=2500+/km 
CTQ = Childhood Trauma Questionnaire  
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Table 2. Educational difference between highest level of parental education and subject education 

 n Mean (SD) B (p)a CI B linear trend (p)b CI 

Group       

Controls 315 -1.14 (1.57)     

Siblings 510 -0.47 (1.61) 0.49 (0.001) 0.21 – 0.76   

Patients 581 -0.25 (1.75) 0.77 (<0.001) 0.48 – 1.06 0.36 (<0.001) 0.21 – 0.50 

Childhood Trauma       

Low 497 -0.73 (1.56)     

Medium  364 -0.61 (1.61) 0.07 (0.56) -0.16 – 0.30   

High 416 -0.46 (1.67) 0.12 (0.34) -0.12 – 0.36 0.07 (0.279) -0.05 – 0.19 

Urbanicityc       

Level 1 462 -0.82 (1.67)     

Level 2 321 -0.47 (1.61) 0.43 (0.002) 0.16 – 0.71   

Level 3 159 -0.17 (1.66) 0.68 (<0.001) 0.33 – 1.03   

Level 4 173 -0.47 (1.61) 0.49 (0.007) 0.13 – 0.84   

Level 5 335 -0.58 (1.72) 0.46 (0.002) 0.17 – 0.74 0.11 (0.002) 0.04 – 0.18 

SD standard deviation 
B represents the regression coefficients from multilevel linear regression analyses, adjusted for age, sex and 
ethnicity 
CI 95% confidence interval 
aModel 1: All independent variables entered as categorical variables recoded into dummy variables 
bModel 2: All independent variables entered as categorical variables comprised in a linear model 
cFive levels of urbanicity/population density 1=<500 inhabitants/km2; 2=500-1000 inhabitants/km2; 3= inhab-
itants 1000-1500/km2; 4= inhabitants 1500-2500/km2; 5=2500+/km 

 

 

Figure 1. Educational difference (edu-dif) between highest level of parental education and subject education
in controls, siblings and patients. Represented values are population means and standard error of the mean. 

 



Chapter 5 

84 

 

Figure 2. Educational difference (edu-dif) between highest level of parental education and subject education
across five levels of urbanicity. Represented values are population means and standard error of the mean. 

 
Table 3. Chi square tests of interaction between group status (patients, sibling or control) and childhood 
trauma or childhood urbanicitya in the model predicting educational difference. 

 χ2b Dfc p 

Childhood trauma 2.37 2 0.31 

Childhood trauma- dummyd 3.25 4 0.52 

Urbanicity 1.67 2 0.43 

Urbanicity – dummye 7.50 8 0.48 
a Childhood trauma and childhood urbanicity are both categorical variables with n categories, entered both as 
a continuous variable and as n-1 dummy variables 
b Chi-square 
c Degrees of freedom 
d Childhood trauma scores divided in tertiles (low, medium, high) 
e Five levels of urbanicity/population density 1=<500 inhabitants/km2; 2=500-1000 inhabitants/km2; 3= inhab-
itants 1000-1500/km2; 4= inhabitants 1500-2500/km2; 5=2500+/km 

DISCUSSION 

Educational difference (edu-dif) between subjects and their parents was studied in 
groups of psychotic patients, healthy siblings and healthy controls. Overall, participants 
had a higher level of education than their parents. This difference was significantly less 
in the patient group and the healthy siblings were in between the controls and the pa-
tients. Further it was tested whether edu-dif was influenced by childhood trauma and 
childhood urbanicity, and if this was different for patients, siblings and controls. Only 
childhood urban exposure had a significant influence on edu-dif: higher levels of child-
hood urban exposure were associated with a smaller increase in educational level. 
There was no evidence that this association differed for patients, siblings or controls. 

In all three groups, participants had a higher level of education than their parents. A 
reasonable explanation for this is development of education and growing availability of 
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education over time. Patients and siblings had a smaller increase in educational level 
than the healthy controls. This is in line with previous research indicating early cognitive 
alterations in psychotic disorder (4, 5) and also with research on alterations in cognitive 
functioning in first degree relatives of patients with psychotic disorder (8-10, 27). Previ-
ous research on scholastic achievements in psychotic disorder is not consistent (28). To 
the best of our knowledge, this is the first study to include siblings, thus shedding light 
on possible mediation by familial factors including genetic factors. 

Our findings could be explained by several hypotheses. One plausible explanation is 
that early alterations in cognition, in patients and in siblings, may lead to problems in 
school functioning and eventually to lower levels of education. A second explanation is 
that altered social cognition, a specific part of cognitive functioning, that is not only 
impaired in psychotic disorder(29), but also in persons at genetic and clinical high risk 
for psychosis (30-32), elevates stress and lowers school performance. A third explana-
tion is that the siblings of patients with a psychotic disorder receive less parental atten-
tion and guidance through their school development, as a negative consequence of the 
worries and attention focussed on the (pre)psychotic sib.  

We did not find childhood trauma to influence intergenerational educational differ-
ential, in contrast with existing literature. Childhood trauma is associated with lower 
academic performance (33, 34), adverse effects on educational attainment (35), and 
academic delay (34). Boden and colleagues(14) also found that physical and sexual 
abuse negatively affected educational achievements, but this was largely explained by 
social, family and individual factors, after taking parental and maternal education into 
account. In this study, educational level was assessed relative to parental education, 
which could explain why there was no significant difference.  

To our knowledge there are no other studies on childhood urban exposure and 
scholastic achievements. However, factors associated with the urban environment and 
school performance have been examined previously and are in line with our results: 
urban noise exposure has a negative effect on school performance (36) and lower per-
ceived safety of schools and neighborhoods deteriorates school performance (37). An-
other explanation is the disappearance of small village schools and the subsequent 
emergence of larger schools with more pupils (38). For pupils, such a larger scaled social 
study environment may have negative effects on school performance.  

Childhood urbanicity and childhood trauma were not differentially associated with 
educational differences across psychotic patients, siblings, and in controls. This makes it 
unlikely that childhood trauma and childhood urbanicity influence the effect of group 
on educational difference, in a positive or negative way. 

Methodological considerations 

Some limitations need to be addressed. The cross-sectional nature of the current data 
makes it impossible to establish a causal relationship between group status, childhood 
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trauma or childhood urbanicity and edu-dif; this was not the purpose of the study. Sec-
ond, highest level of started education was studied, regardless of whether this was 
completed. This conservative approach was chosen because patients with psychotic 
disorder are less likely to complete education after the onset of psychotic symptoms 
(22). Thus, studying completed education is more likely to measure the effect of psy-
chotic symptoms, and not of early cognitive alterations, on educational achievement. 
Another approach could have been to compare grades in for example primary educa-
tion, however grading systems may have changed over time and not all schools may use 
the same grading system, making this an inaccurate measure. Further, not all factors 
that could possibly affect school performance were taken into account, for example 
family income and other non-educational factors associated with socio-economic sta-
tus, or obstetric and perinatal complications. However, school attendance in the Neth-
erlands is not dependent on income as there is universal free schooling. Fourth, the 
higher level of parental education for the siblings and at trend-level for the patients may 
have been the result of underlying selections, which could have influenced our results. 
However, the regression coefficients for the difference in parental education are small-
er than the regression coefficients of edu-dif, which makes it unlikely that possible se-
lection is the only explanation of the observed difference in edu-dif. Finally, the partici-
pants grew up in the Netherlands and Belgium which can be described as relatively safe 
and developed countries; in other counties, urban-rural discrepancies may be more 
prominent.  

Conclusion 

Patients with psychotic disorder, and to a lesser extent their healthy siblings, had a 
smaller increase in educational level compared with their parents than healthy controls. 
Although these group differences cannot be used to identify groups at high risk, it does 
provide a general perspective in thinking about inter-generational processes in educa-
tional achievement in the context of risk for psychosis. More work is required to better 
understand the dynamics between early social and cognitive alterations in those at risk 
in relation to progress through the educational system. Higher levels of childhood ur-
banicity were also associated with a smaller increase in educational level. As more peo-
ple are residing in urbanised areas (39), more work is required to understand the inter-
action between urban environment and educational outcomes including  school size, 
class size, level of individual educational support and class dynamics. 
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ABSTRACT 

Background  
The alterations in cortical morphology, such as cortical thinning, observed in psychotic 
disorder, may be the outcome of interacting genetic and environmental effects. It has 
been suggested that urban upbringing may represent a proxy environmental effect 
impacting cortical thickness (CT). Therefore, the current study examined whether the 
association between group as a proxy genetic variable (patients with psychotic disorder 
[high genetic risk], healthy siblings of patients [intermediate risk] and healthy control 
subjects [average risk]) and CT was conditional on different levels of the childhood ur-
ban environment and whether this was sex-dependent. 
 
Methods  
T1-weighted MRI scans were acquired from 89 patients with a psychotic disorder, 95 
non-psychotic siblings of patients with psychotic disorder and 87 healthy control sub-
jects. Freesurfer software was used to measure CT. Developmental urban exposure was 
classified as low, medium, and high, reflecting the population density and the number 
of moves between birth and the 15th birthday, using data from the Dutch Central Bu-
reau of Statistics and the equivalent database in Belgium. Multilevel regression analyses 
were used to examine the association between group, sex, and urban upbringing (as 
well as their interactions) and cortical CT as the dependent variable. 
 
Results 
CT was significantly smaller in the patient group compared to the controls (B = -0.043, p  
<0.001), but not in the siblings compared to the controls (B = -0.013, p = 0.31). There 
was no main effect of developmental urbanicity on CT (B = 0.001, p = 0.91). Neither the 
three-way group × urbanicity × sex interaction (χ2 = 3.73, p = 0.16), nor the two-way 
group × urbanicity interaction was significant (χ2 = 0.51, p = 0.77).  
 
Conclusion  
The negative association between (familial risk for) psychotic disorder and CT was not 
moderated by developmental urbanicity, suggesting that reduced CT is not the outcome 
of familial sensitivity to the proxy environmental factor ‘urban upbringing’.  
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INTRODUCTION 

Childhood urban environment is one of the (proxy) environmental risk factors for psy-
chotic disorder. Both urban birth and urban upbringing have been found to contribute 
to the risk (1-5), with meta-analytic evidence for a dose-response relationship (3, 6, 7). 
The vulnerable period of impact is specific to childhood and adolescence (8, 9) and the 
effect of the urban environment may be conditional on the genetic risk for psychotic 
disorder (10-12). The urban environment is a proxy risk factor, likely reflecting a com-
plex environment. The factors associated with the urban environment that mediate this 
effect, as well as the neurobiological pathways involved, remain largely unknown. Can-
didate mechanisms include higher level of perceived social isolation in urban areas (13) 
and greater exposure to social "defeat" occasioned by higher level of competition in 
cities (14).  

Reduced cortical thickness (CT) has frequently been observed in patients with psy-
chotic disorder and to a certain extent also in their healthy relatives, suggesting that 
cortical thinning may represent neurodevelopmental alterations that result from a ge-
netic liability for the disorder (15-21). Regions frequently affected are the frontal, tem-
poral and cingulate cortex (19, 21-25). However, not all reports are consistent with re-
gard to the presence of a CT intermediate phenotype. For example Boos and colleagues 
did not reveal cortical thinning in siblings of patients with schizophrenia (19, 26-28). 
Thus, these studies suggest that the cortical abnormalities in psychotic disorder reflect a 
disease-related process or differential sensitivity to environmental risks. Indeed, there 
are some studies which support the hypothesis that reduced CT may be the outcome of 
differential sensitivity to the environment, though studies are scarce. For example, previ-
ous analyses on the current study sample showed that lower CT was associated with 
higher levels of cannabis use in both patients with psychotic disorder and siblings, and 
with higher levels of childhood trauma in patients, but not siblings (29). Another study 
reported that fetal hypoxia was related to reduced gray matter volume and increased 
cerebrospinal fluid in patients with schizophrenia and their healthy relatives, but not in 
control (30). To our knowledge, there are no studies with developmental urban exposure 
as a risk factor and structural brain measures as the outcome in patients with psychotic 
disorder. However, there are two studies examining the effect of developmental urbanic-
ity in healthy volunteers: Haddad and colleagues showed that developmental urbanity 
was associated with a decrease in gray matter volume in the dorsolateral prefrontal 
cortex and a decrease in gray matter volume of the perigenual anterior cingulate cortex 
(pACC) in men only (31); and Lederbogen and colleagues found that urban upbringing 
was related to altered activity of the perigenual anterior cingulate cortex, a key region for 
the regulation of negative affect and stress (32).   

Developmental urbanicity has been linked to early life stress through higher levels of 
social isolation (13) and social defeat (14). Such a form of early life stress may be associ-
ated with cerebral alterations, as suggested by evidence from human (33-35) and ani-
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mal studies (36-39). The underlying biological mechanisms may comprise hypothalamic-
pituitary-adrenal axis (HPA-axis) alterations, which could have direct effects (through 
increased cortisol levels (40)) and indirect effects (by affecting dopaminergic circuits 
(41, 42)). Excessive dopamine (DA) is associated with DNA damage and apoptosis (43, 
44) and stimulation of the D1 dopamine receptor might also cause neurodegeneration 
the striatum (45).   

In conclusion, CT alterations may be the consequence of underlying operational 
mechanisms, such as gene-environment interactions. The hypothesis of this study was 
that the association between CT, the outcome of interest in the current study, and 
group (patients with psychotic disorder, healthy siblings of patients and healthy control 
subjects), is conditional on exposure to developmental urbanicity in patients with psy-
chotic disorder (highest genetic risk) and, to a lesser degree, in their healthy siblings 
(intermediate genetic risk). This phenomenon would thus be suggestive of gene-
environment interaction (GXE), or genetic control of sensitivity to the environment. 
Given that structural brain alterations may be more prominent in male patients(46), 
interactions with sex were included in the analyses. 

MATERIALS AND METHODS 

Participants 

Data pertain to baseline measures of a longitudinal magnetic resonance imaging (MRI) 
study in Maastricht, the Netherlands. The sample consisted of 89 patients with a diag-
nosis of a non-affective psychotic disorder, 95 siblings, and 87 control subjects. Inclu-
sion criteria for the patient group were the following: (1) age 16 to 50 years; (2) diagno-
sis of non-affective psychotic disorder; and (3) sufficient command of the Dutch lan-
guage. Sibling non-patient status was defined as the absence of any lifetime psychotic 
disorder. Controls had no first-degree relative with a psychotic disorder as established 
by the Family Interview for Genetic Studies (47) with the control as informant. The 
sample included 63 families, of which 39 families contributed one patient and one dis-
cordant sibling, two families contributed one patient and two discordant siblings, and 
two families contributed one patient and three discordant siblings. Two families con-
tributed two patients, seven families contributed two discordant siblings, and one fami-
ly contributed three discordant siblings. In the control group, ten families contributed 
two siblings. In addition, 42 independent patients, 29 independent siblings, and 66 
independent control subjects were included. 

Diagnosis was based on DSM-IV criteria (48), assessed with the Comprehensive As-
sessment of Symptoms and History (CASH) interview (49). The CASH was also used to 
confirm the absence of a diagnosis of non-affective psychosis in the siblings and ab-
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sence of a lifetime diagnosis of any psychotic disorder or any current affective disorder 
in the healthy control subjects.  

Before MRI acquisition, participants were screened for the following exclusion crite-
ria: (1) brain injury (unconsciousness > 1 hour); (2) meningitis or other neurological 
diseases that might have affected brain structure or function; (3) cardiac arrhythmia 
requiring medical treatment; and (4) severe claustrophobia. In addition, subjects with 
metal corpora aliena were excluded from the study, as were women with intrauterine 
device status and (suspected) pregnancy. The selection procedure and the in- and ex-
clusion criteria are described more elaborate in a previous paper (29). 

The study was approved centrally by the Ethical Review Board of the University 
Medical Centre Utrecht. Written informed consent was obtained from all subjects after 
they (1) read a document with detailed information about the nature and possible con-
sequences of the study; (2) had verbally discussed any possible concerns with the re-
searcher; and (3) had provided clear indication that they had understood the proce-
dure. In the Netherlands, adult patients with mental illness are considered participating 
citizens who have the right to make independent informed decisions including the au-
tonomous decision to participate in research; therefore consent of relatives was not 
sought (as described previously (29)) . 

MEASURES 

The level of symptoms in all groups was assessed with the Positive and Negative Syn-
drome Scale (PANSS)(50). Educational level was defined as highest accomplished level 
of education. In the patient group, antipsychotic (AP) medication use was determined 
by the patient's report and verified with the treating consultant psychiatrist. Best esti-
mate lifetime (cumulative) AP use was determined by multiplying the number of days of 
AP use with the corresponding haloperidol equivalents and summing these scores for all 
periods of AP use (including the exposure period between baseline assessment for the 
G.R.O.U.P. study and the moment of baseline MRI scanning), using the recently pub-
lished converting formulas for AP dose equivalents described by Andreasen et al (51).  

Substance use was measured with the Composite International Diagnostic Interview 
(CIDI) sections B–J–L(52). Use of cannabis and other drugs was assessed as reported 
frequency of use during the last 12 months, as well as lifetime use. CIDI frequency data 
on cannabis and other drug use was available for respectively 263 participants (3% 
missing data) and 267 participants (1.5% missing data). Alcohol use was defined as the 
reported number of weekly consumptions during the last 12 months. CIDI frequency 
data on alcohol use were available 235 participants (13.3% missing data).  

Childhood trauma was assessed with the Dutch version of the Childhood Trauma 
Questionnaire Short Form (CTQ)(53). The short CTQ consists of 25 items rated on a 5-
point Likert scale (1 = never true to 5 = very often true) inquiring about traumatic expe-
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riences in childhood. Five types of childhood maltreatment were assessed: emotional, 
physical and sexual abuse, and emotional and physical neglect, with five questions cov-
ering each type of trauma. As a general measure of childhood trauma, a summary score 
was created by adding the mean scores of each trauma type. The CTQ data were miss-
ing for two persons (0.7% missing data), as described in a previous study (29). 

Level of Urbanicity 

We generated a historical population density record for each municipality from 1930 
onwards using the Dutch Central Bureau of Statistics (CBS) and equivalent Belgium da-
tabase. When data was not available, linear extrapolations were computed. When his-
torical names of municipalities disappeared from historical records (e.g. due to city 
mergers) we used the available data from the agglomerate city. Subjects were asked to 
describe where they lived during their life. This resulted in a number of records for each 
subject, containing locations by age period. For each of these records, we computed the 
average population density (by square kilometer, excluding water) of the municipality 
for the matching year periods. Subsequently, it was determined where the subject lived 
at birth, between ages 0-4 years; between 5-9 years; 10-14 years; 15-19 years; 20-39 
years; 40-59 years; and 60+ up to the actual age. Average population density over the 
period was categorized conform the Dutch CBS urbanicity rating (1=<500/km2; 2=500-
1000/km2; 3=1000-1500/km2; 4=1500-2500/km2; 5=2500+/km2). The periods 0-4 years, 
5-9 years and 10-14 years were merged to average urbanicity exposure between 0-14 
years. The latter divided by its tertiles was used as the primary variable reflecting devel-
opmental urbanicity exposure (low, medium, high) in the analyses. Urbanicity data were 
available for 263 participants (3.0 % missing data). This urbanicity measures was also 
described in a previous paper (54). 

MRI Acquisition and Processing 

The MRI scans were acquired using a 3T Siemens scanner (Erlangen, Germany) and the 
following acquisition parameters: Modified Driven Equilibrium Fourier Transform 
(MDEFT) sequence = 176 slices, 1 mm isotropic voxel size, echo time 2.4 ms, repetition 
time 7.92 ms, inversion time 910 ms, flip angle 15°, total acquisition time 12 min 51 s; 
Magnetization Prepared Rapid Acquisition Gradient-Echo (MPRAGE; Alzheimer’s Disease 
Neuroimaging Initiative) sequence = 192 slices, 1 mm isotropic voxel size, echo time 2.6 
ms, repetition time 2250 ms, inversion time 900 ms, flip angle 9°, total acquisition time 
7 min 23 s. For both anatomical scans, the matrix size was 256 × 256 and field of view 
was 256 × 256 mm2. The number of excitations was one. Two sequences were used 
because of a scanner update during data collection. The total proportion of MPRAGE 
scans did not differ between the groups (χ2 = 4.95, p = 0.08).  
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Cortical Thickness Measurement 

Scans were processed and analyzed using Freesurfer stable release v5.3.0, 
http://surfer.nmr.mgh.harvard.edu (55-61).  To measure CT, the cerebral cortex was 
parcellated into units based on gyral and sulcal structure (62, 63). Furthermore, a variety 
of surface-based data was created including maps of curvature and sulcal depth. This 
method used both intensity and continuity information from the entire three dimension-
al MR volume in segmentation and deformation procedures to produce representations 
of CT, calculated as the closest distance from the gray/white matter boundary to the gray 
matter/CSF boundary at each vertex on the tessellated surface (56). The maps were 
created using spatial intensity gradients across tissue classes and were not restricted to 
the voxel resolution of the original data, thus were capable of detecting sub-millimeter 
differences between groups. CT measurement procedures have been validated against 
histological analysis (64) and manual measurements (18, 65). Per hemisphere there are 
34 regions (68 in total) of interest (adapted from the Desikant atlas) (62); for each of 
these regions, CT measurements were derived by FreeSurfer and exported to Stata and R 
version 3.2.1. Thus, every individual had 68 CT measurements over the predefined ROIs. 
These procedures are described in detail in a previous paper (29). 

Statistical/data analyses 

The CT data consist of multiple observations nested within persons and within families, 
generating 3 levels of analysis: 68 regional CT measures (level 1) nested in subjects (level 
2) who were part of the same families (level 3) (66). Given the multilevel hierarchical 
structure of the data, compromising statistical independence of the observations, multi-
level linear regression analyses were performed with CT as the dependent variable and 
subject number and family ID as random effects in all analyses. R version 3.2.1 (67) was 
used, employing the nlme, car and multcomp packages. Since the outcome (CT) repre-
sents means (based on varying numbers of vertices), the analyses were weighted based 
on the number of vertices per region. The regression coefficients (B) from the multilevel 
linear regression model represent the effect size of the predictors and can be interpreted 
identically to estimates in equivalent unilevel linear regression analyses. To check as-
sumption of normality qq-plots of the residuals were inspected, which showed an even 
distribution. Also, the spread of standardized residuals against fitted values was evaluat-
ed, which was constant, i.e. there was no evidence of heteroscedasticity. 

In order to study whether there is differential sensitivity to developmental urbanici-
ty in the three groups and in both sexes, a three-way interaction between group 
(healthy control subject = 0, sibling =1 or patient = 2, entered as linear variable and as 
dummy variables with healthy control subject as the reference category), sex (male =0 
or female =1) and developmental urbanicity (low =0 , medium = 1 or high = 2, entered 
both as a linear variable and as dummy variables with ‘low’ urbanicity as the reference 
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category) was added to the model. Main effects and interaction terms were tested 
using the chi-square test. The statistical model was: CT = β0 + β1(group) + β2(sex) + 
β3(urbanicity) + β4 (group × sex) + β5 (group × urbanicity) + β6 (sex × urbanicity) + β7 

(group × sex × urbanicity). First, the three-way interaction was tested, and subsequently 
all the two-way interactions. Group was modelled both as linear and as dummy varia-
bles, with healthy control subjects as the reference category, in order to examine the 
level of dose-response. Developmental urbanicity was similarly entered both as a linear 
variable and as dummy variables, with ‘low’ urbanicity as the reference category, to 
examine the level of dose-response. In the case of significant interaction, individual 
slopes were calculated by combination of effects from the model and tested whether 
they differed significantly. All analyses were adjusted for the a priori selected confound-
ers: age, sex, highest accomplished level of education and scantype (MDEFT or 
MPRAGE). The model was also analysed with cannabis and childhood trauma as addi-
tional confounders, because cannabis and childhood trauma have been related to 
changes in CT in psychotic disorder (29) and to risk for psychotic disorder. 

RESULTS 

Participant characteristics 

Sociodemographic and clinical characteristics of the sample are summarized in Table 1. 
The patient group comprised more men and level of education was lowest in the pa-
tient group compared to controls and siblings. Seventy-four out of 89 patients were 
currently using AP medication (first generation AP: n=3; second generation AP: n=71), 
16 patients used antidepressants, nine used benzodiazepines, six used antiepileptic 
medication and three used lithium. Two control subjects and three siblings used antide-
pressants, and one sibling used benzodiazepines. Cumulative lifetime AP exposure was 
not significantly associated with CT in the patient group (B < 0.001, p=0.55). 

Three-way interaction with group, sex and developmental urbanicity in the 
model of CT 

The three-way interaction between group (linear variable and dummy variables), ur-
banicity (linear variable and dummy variables) and sex, in the model of CT was not sig-
nificant (group linear variable × urbanicity linear variable × sex: χ2 = 3.14, p = 0.08; group 
linear variable × urbanicity dummy variables × sex: χ2 = 2.88, p = 0.24; group dummy 
variables × urbanicity linear variable × sex: χ2 = 3.73, p = 0.16; group dummy variables × 
urbanicity dummy variables x sex: χ2 = 3.08, p = 0.55), indicating that the association 
between CT and group was not moderated by developmental urbanicity and sex (see 
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Table 2). Results did not change significantly when cannabis and childhood trauma were 
included in the analysis. 
 
Table 1. Participant demographics 

 Patients 
(n = 89) 

Siblings 
(n = 95) 

Controls 
(n = 87) 

Age at scan 28.1 ± 7.0 29.5 ± 8.8 30.8 ± 10.8 

Sex n (%), male 60 (67%) 49 (52%) 33 (38%) 

Level of education 4.3 ± 2.0 5.1 ± 2.0 5.4 ± 1.8 

Cannabis lifetimea 45.0 ± 46.7 20.0 ± 37.7 7.4 ± 21.1 

Other drug lifetimea 44.6 ± 88.7 6.1 ± 31.3 2.0 ± 11.6 

Alcohol use units/weekb 4.9 ± 9.0 9.6 ± 17.1 5.0 ± 7.0 

Childhood urbanicityc 2.4 ± 1.3 2.3 ± 1.4 2.4 ± 1.5 

Childhood traumad 7.2 ± 2.8 5.8 ± 1.5 5.7 ± 1.8 

PANSS Positive 10.5 ± 5.0 7.4 ± 1.5 7.3 ± 1.1 

PANSS Negative 12.0 ± 5.7 8.5 ± 2.1 8.2 ± 1.0 

PANSS Disorganization 12.5 ± 4.0 10.4 ± 0.9 10.2 ± 1.1 

PANSS Excitement 9.8 ± 2.7 8.6 ± 1.4 8.3 ± 1.1 

PANSS Emotional Distress 13.2 ± 5.2 10.0 ± 2.8 9.2 ± 2.0 

Age of onset 21.7 ± 7.0 - - 

Antipsychoticse 6777.4 ± 6152.5 - - 

PANSS = Positive and negative syndrome scale. 
aMean number of times 
bWeekly consumptions on the last 12 months. 
cMean level of childhood urban exposure, Five levels of urbanicity/population density 1=<500 inhabit-
ants/km2; 2=500-1000 inhabitants/km2; 3= inhabitants 1000-1500/km2; 4= inhabitants 1500-2500/km2; 
5=2500+/km2. 
dSummary score of Childhood Trauma Questionnaire Short Form (CTQ) 
eLifetime exposure in haloperidol equivalents 

 
Table 2. Cortical thickness as a function of group status, sex and urbanicity 

Urbanicity level Patients  Relatives  Controls 

 No. obs (n)a CTb No. obs (n) CT No. obs (n) CT 

Male       

Low  1360 (20) 2.50 ± 0.39 1224 (18) 2.47 ± 0.40 680 (10) 2.51 ± 0.42 

Medium 1564 (23) 2.50 ± 0.41 884 (13) 2.51 ± 0.38 816 (12) 2.56 ± 0.39 

High 1088 (16) 2.49 ± 0.41 1156 (17) 2.48 ± 0.38 612 (9) 2.49 ± 0.40 

Female       

Low 340 (5) 2.47 ± 0.39 1156 (17) 2.53 ± 0.40 1564 (23) 2.50 ± 0.40 

Medium 680 (10) 2.52 ± 0.41 1156 (17) 2.54 ± 0.39 680 (10) 2.52 ± 0.39 

High 884 (13) 2.50 ± 0.41 680 (10) 2.55 ± 0.42 1360 (20) 2.48 ± 0.38 
a No. obs = number of subjects × number of regions (68); numbers in parentheses indicate number of subjects. 
b Mean ± SD, Means are raw means not adjusted for covariates. 
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Two-way interaction between group and developmental urbanicity in the model 
of CT 

There was no significant group (linear variable and dummy variables) × urbanicity (linear 
variable and dummy variables) interaction (group linear variable × urbanicity linear 
variable: χ2 = 0.43, p = 0.51; group linear variable × urbanicity dummy variables: χ2 = 
2.29, p = 0.32; group dummy variables × urbanicity linear variable: χ2 = 0.51, p = 0.77; 
group dummy variables × urbanicity dummy variables: χ2 = 4.23, p = 0.38). Table 3 
shows the mean values of CT per group and urbanicity level. There was no consistent 
pattern of reduction or increase in CT with increasing levels of developmental urbanicity 
in any group. Adding cannabis and childhood trauma as confounders did not change the 
results. 
 
Table 3. Cortical thickness as a function of group status and urbanicity 

 Patients  Relatives  Controls 

Urbanicity level No. obs (n)a CTb No. obs (n) CT No. obs (n) CT 

Low 1700 (25) 2.50 ± 0.39 2380 (35) 2.50 ± 0.40 2244 (33) 2.51 ± 0.40 

Medium 2244 (33) 2.51 ± 0.41 2040 (30) 2.53 ± 0.39 1496 (22) 2.54 ± 0.39 

High 1972 (29) 2.50 ± 0.41 1836 (27) 2.50 ± 0.40 1972 (29) 2.49 ± 0.38 
a No. obs = number of subjects × number of regions (68); numbers in parentheses indicate number of subjects. 
b Mean ± SD, Means are raw means not adjusted for covariates. 

 
The other two-way interactions, group × sex and urbanicity × sex, were also not signifi-
cant (group × sex [both dummy variables]: χ2 = 0.73, p = 0.69; urbanicity [linear variable] 
× sex (dummy variables): χ2 = 0.35, p = 0.55). 

Main effects of group and urbanicity on CT 

CT was significantly smaller in the patients compared to the controls and siblings (P vs. 
Con: B= -0.043, p<0.001; P vs. Sib: B= -0.031, p=0.006). The siblings were not significant-
ly different from the controls (B= -0.013, p=0.31). There was neither a significant associ-
ation between sex and CT (B= 0.004, p=0.71), nor between developmental urbanicity 
(linear variable) and CT (B < 0.001, p=0.91). See Table 4. 

Post-hoc subgroup analysis 

Subgroup analysis in which only 50% of the patients with the highest PANSS positive 
scores were included (n=44), did not affect the pattern of the findings. The three-way 
interaction between urbanicity (linear variable and dummy variables), group and sex, 
and the two-way interaction between urbanicity (linear variable and dummy variables) 
and group were not significant (linear variable: three-way interaction: χ2=4.97, p=0.08; 
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two-way interaction: χ2=1.38, p=0.50; dummy variables: three-way interaction: χ2=5.20, 
p=0.27; two-way interaction: χ2=5.51, p=0.24).  
 
Table 4. Cortical thickness by group and urbanicity level 

 No. of observationsa Cortical thickness 
Meanb ± SD 

Bc p 

Group     

Controls 5916 (87) 2.51 ± 0.40   

Siblings 6460 (95) 2.51 ± 0.40 -0.013 0.31 

Patients 6052 (89) 2.50 ± 0.40 -0.043 <0.01 

B linear trendd   -0.022 <0.01 

Urbanicity     

Low 6324 (93) 2.50 ± 0.40   

Medium  5780 (85) 2.52 ± 0.40 0.001 0.96 

High 5780 (85) 2.50 ± 0.40 0.001 0.91 

B linear trendd   0.001 0.91 
a No. of observations = number of subjects × number of regions (68); numbers in parentheses indicate number 
of subjects. 
b Means are raw means not adjusted for covariates. 
c B represent the regression coefficients from multilevel linear regression analyses, adjusted for age, sex, 
cannabis use and highest level of education, for group controls were the reference category and for urbanicity 
‘low’ urbanicity level was the reference category 
d B linear trend represents the summary change in CT with one unit increase in exposure level (group and 
urbanicity) 

DISCUSSION 

The current study showed that urban upbringing was not associated with reductions of 
CT in individuals with (risk for) psychotic disorder or healthy controls.  

To our knowledge no previous studies on the association between developmental 
urban exposure levels and CT as a function of different levels of psychosis risk are avail-
able. However, an fMRI study linked early life urbanicity exposure to differential activity 
of the pACC in social stress processing in healthy students (32), suggesting that social 
stress mediates the impact of urbanicity on neural circuits, although other mechanisms 
can be envisaged. In the current study, there was no evidence for CT alterations in the 
pACC and the cingulate cortex. However, absence of structural alterations does not 
automatically imply absence of functional alterations: cell composition, cell activity or 
connectivity may be different despite normal volumes of discrete brain areas.  

Epidemiological studies demonstrate that there is reason to believe that the rela-
tionship between urban upbringing and psychotic disorders is causal: (1) the findings 
are consistent across countries and cultures; (2) there is evidence of a dose-response 
relationship; and (3) urban upbringing precedes psychotic disorder (3). The current 
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study revealed that CT reductions in patients with psychotic disorder are not moderated 
by developmental urbanicity. An explanation for the absence of an association between 
cortical thinning and developmental urbanicity in psychotic disorder is that urban up-
bringing may influence different neurobiological pathways that do not imply CT altera-
tion. For example, changes in white matter could be involved or the nature of change 
could be functional instead of structural. In case of the latter, a potential pathologic 
effect of the proxy environmental risk factor associated with urbanicity on brain struc-
ture may be identified with functional MRI (32).  

The absence of an association could also be explained by a small urban-rural differ-
ence. Our participants grew up in the Netherlands, which can be described as a relative 
safe and well developed country compared to certain other counties where the urban-
rural discrepancies may be more prominent. However, studies conducted in the Nether-
lands did report a higher incidence of psychotic disorders related to urban upbringing 
(8, 68), indicating that although the difference is relatively small, it is still large enough 
to show an effect. Another explanation of the absence of a significant association could 
be that the number of participants in the higher urbanicity levels was relatively small 
compared to the lower urbanicity levels, resulting in reduced power. 

Environmental factors for psychotic disorder, other than the urban exposure, have 
been related to gray matter reductions. For instance, a study by Cannon et al. (30) 
found that a history of fetal hypoxia is associated with gray matter volume reductions 
among patients with schizophrenia and their healthy siblings, but not among healthy 
controls. A plausible explanation for the relationship between this environmental expo-
sure and gray matter reductions is that fetal hypoxia is more likely to have a direct ef-
fect on neurodevelopment than the developmental urban exposure since more than 
50% of the candidate genes for susceptibility to schizophrenia are subject to regulation 
by hypoxia (69). In addition, fetal hypoxia has been associated with increased brain 
dopamine synthesis capacity and concentrations (70). In previous analyses on (partly) 
the same study sample as the current one, Habets and colleagues (29) found that high-
er levels of cannabis consumption (lifetime) and childhood trauma experiences were 
associated with increased cortical thinning in patients with psychotic disorder, but not 
in controls. In siblings, the same pattern was found for cannabis, but not for childhood 
trauma. Just as fetal hypoxia, cannabis exposure and developmental trauma have been 
more directly related to altered neurodevelopment than developmental urbanicity. 
Tetrahydrocannabinol (THC), the active psychotropic ingredient of cannabis, may lead 
to increased striatal dopamine levels (71). THC is also believed to affect synaptic plastic-
ity and it may affect gray matter volume through a mechanism on neurotoxicity (71, 
72). Childhood trauma is thought to affect dopaminergic circuits through altered func-
tioning of the hypothalamic-pituitary-adrenal (HPA) axis (41, 42). In conclusion, the 
developmental urbanicity exposure may be too crude compared to the other environ-
mental risk factors to increase cerebral cortical vulnerability in individuals with (risk for) 
psychotic disorder. 
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Methodological considerations 

This is the first study examining CT as the outcome of developmental urbanicity expo-
sure and psychosis risk, in a relatively large study sample. Our study population is larger 
than most previous studies on CT in psychotic disorder (16, 18, 20, 22), although some 
studies had larger sample sizes e.g. the study by Goldman and colleagues (19). Further, 
the absence of a main effect of urbanicity does not necessarily imply insufficient power 
for interaction: environmental risks may only become apparent when examined in a G × 
E model. 

Population density was used as a measure of developmental urbanicity, but it is not 
clear whether this is a good measure of urban exposure. When the factors mediating 
the effect of the urbanicity exposure could be identified, the chance of finding underly-
ing neuropathological mechanisms may increase. Future research is needed to unravel 
the factors related to the urban environment that mediate the higher risk for psychotic 
disorders.  

Systematic reviews and a longitudinal study (51, 73-75) suggest that AP treatment 
contributes to the brain structural changes observed in psychotic disorders. However, 
there was no evidence for an association between cumulative AP dose and CT in the 
current sample. It is thus unlikely that this has influenced our results.  
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ABSTRACT 

Background  
Differential genetic sensitivity to environmental factors may be expressed as structural 
brain alterations in psychotic disorder. The aim of this study was to examine whether 
cannabis use, childhood trauma and urban upbringing are associated with total gray 
matter volume (GMV) in individuals with (risk for) psychotic disorder and whether this is 
sex-specific. 
 
Methods  
T1-weighted MRI scans were acquired from 89 patients with a psychotic disorder, 95 
healthy siblings of patients with psychotic disorder and 87 controls. Multilevel random 
regression analyses were used to examine main effects and interactions between 
group, sex and environmental factors in models of GMV. 
 
Results  
The three-way interaction between group, sex and cannabis (cannabis × group linear 
variable × sex: χ2 =12.43, p<0.01), as well as developmental urbanicity (urbanicity linear 
variable x group linear variable x sex: χ2 = 6.29, p = 0.01) were significant, indicating that 
cannabis use and developmental urbanicity were associated with lower GMV in the 
male patient group (cannabis: B= -32.54, p < 0.01; developmental urbanicity: B= -10.23, 
p=0.03). For childhood trauma, the two-way interaction with group was significant 
(trauma linear variable x group linear variable: χ2 = 5.74, p = 0.02), indicating that child-
hood trauma was associated with reduced GMV in the patient group (B=-9.79, p=0.01). 
In the model of GMV, significant main effects were apparent for group (Pat vs Con: B=-
17.21, p < 0.01; Pat vs Sibs: B=-11.27, p < 0.01) and cannabis (B=-8.28, p=0.03, correct-
ed for group), but not for childhood trauma and developmental urbanicity. 
 
Conclusion  
The findings suggest that reduction of GMV in psychotic disorder may be the outcome 
of differential sensitivity to environmental risks, particularly in male patients. 
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INTRODUCTION 

Changes in brain volumes, changes in white matter integrity, and cortical thinning have 
been associated with psychotic disorder (1). Meta-analyses have confirmed reductions 
of gray matter volume (GMV) in patients with psychotic disorder (2, 3). It remains to be 
discovered whether these structural alterations are the result of a disease-related pro-
cesses or factors, altered neurodevelopment due to genetic liability and/or differential 
sensitivity to environmental risks. Studies that report gray matter alterations in individ-
uals at high familial risk for psychotic disorder and in persons at clinical high risk for 
psychotic disorder support the hypothesis of altered neurodevelopment associated with 
genetic predisposition (4, 5), though not all studies are consistent (6, 7). Reports of 
progressive loss of gray matter over time in patients (8-10) support the hypothesis that 
this is the result of a disease-specific process or disease-related factors such as medica-
tion (3).  

Although gene × environment interactions in psychotic disorder have been studied 
(11, 12) the number of G×E studies using structural brain phenotypes as the outcome 
variables is limited (13, 14). One of the first studies focused on fetal hypoxia, which was 
associated with reduced GMV and increased cerebrospinal fluid in individuals who had 
later developed schizophrenia, and in their healthy relatives (15).  

Cannabis, a recognized environmental risk factor for psychotic disorder (16), has 
been associated with reduction of GMV (17) in patients with a psychotic disorder and 
with loss of cortical thickness in patient with schizophrenia and in cannabis users with-
out schizophrenia (18). Further, cannabis has also been related to changes in white 
matter of the brain in patients with psychotic disorder (19) and in the general popula-
tion (19, 20). 

Childhood trauma, another risk factor for psychotic disorder (21), has been associat-
ed with reduced GMV in psychotic disorder (22). In addition, cortico-limbic GMV differ-
ences between patients with schizophrenia, patients with bipolar disorder and healthy 
controls have been reported in individuals with high, but not low, levels of adverse 
childhood experiences (23). In non-psychotic populations, associations between child-
hood trauma and brain development (24), structure (25, 26) and function (26) have 
been described.  

Lastly, developmental urbanicity, as a proxy environmental risk factor for psychotic 
disorder (27), has not yet been examined in relation to structural gray matter altera-
tions in this population. The risk-increasing mechanisms underlying the proxy variable 
developmental urbanicity remain unknown. One of the mechanisms that can be envis-
aged is altered stress processing (28) due to higher levels of social isolation (29) and 
social defeat (30) in urban areas. Indeed, early life stress has been associated with cere-
bral alterations in humans (31) and in animals (32), through altered levels of neurohor-
mones,  neurotransmitters, and neurotrophic factors (33). 
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When examining structural brain phenotypes as a function of environmental and 
genetic risk, potential sex differences should be taken into account. First, with respect 
to the incidence, age of onset and course of disease in psychotic disorder, sex differ-
ences have been extensively described (34-37). Second, sex differences have been re-
ported in the association between psychotic disorder and respectively childhood trau-
ma (38) and cannabis (39). Third, there is evidence for sex differences in brain morphol-
ogy in psychotic disorders (40), i.e., gray matter alterations may be more prominent in 
male patients with a psychotic disorder (41, 42).  

In the present study, we hypothesized that the sensitivity to environmental risk fac-
tors (cannabis, trauma, urbanicity), as expressed by GMV alterations, is dependent on 
the genetic predisposition for psychotic disorder, as well as on sex. This was tested in 
three groups with differential proxy genetic risk for psychotic disorder: patients with a 
psychotic disorder (highest risk), non-psychotic siblings of patients with psychotic disor-
der (higher than average risk) and healthy controls (average risk).  

MATERIALS AND METHODS 

Participants 

Data pertain to baseline measures of a longitudinal magnetic resonance imaging (MRI) 
study in Maastricht, the Netherlands. In selected geographic areas in the Netherlands 
and Belgium, patients presenting consecutively at metal health services either as outpa-
tients or inpatients were recruited for the study. The sample consisted of 89 patients 
with a diagnosis of a non-affective psychotic disorder, 95 siblings, and 87 control sub-
jects. The sample included 60 families, of which 37 families contributed one patient and 
one sibling, 3 families contributed one patient and two siblings, and one family contrib-
uted one patient and three siblings. One family contributed two patients, 7 families 
contributed two relatives, 1 family contributed three relatives, and ten families contrib-
uted two controls. In addition, 44 independent patients, 32 independent siblings, and 
67 independent controls were included.  

Inclusion criteria for the patient group were the following: (1) age 16 to 50 years; (2) 
diagnosis of non-affective psychotic disorder; and (3) sufficient command of the Dutch 
language. Sibling non-patient status was defined as the absence of any lifetime psychot-
ic disorder. Controls had no first-degree relative with a psychotic disorder as established 
by the Family Interview for Genetic Studies (43) with the control as informant. Before 
MRI acquisition, participants were screened for the following exclusion criteria: (1) brain 
injury with loss of consciousness of more than 1 hour; (2) meningitis or other neurologi-
cal diseases that might have affected brain structure or function; (3) cardiac arrhythmia 
requiring medical treatment; and (4) severe claustrophobia. In addition, subjects with 
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metal corpora aliena were excluded from the study, as were women with intrauterine 
device status and (suspected) pregnancy.  

The study was approved centrally by the Ethical Review Board of the University 
Medical Centre Utrecht. Written informed consent was obtained from all. The selection 
procedure and the in- and exclusion criteria are described in full detail in a previous 
paper (44). 

Measures 

The level of symptoms in all groups was assessed with the Positive and Negative Syn-
drome Scale (PANSS)(45).  The Five Factor Model by van der Gaag (2006) was used, 
dividing the PANSS in Positive symptoms, Negative symptoms, Disorganization symp-
toms, Excitement, and Emotional Distress (46). Educational level was defined as highest 
accomplished level of education. 

AP medication 
Antipsychotic (AP) medication use was determined by patient report and verified with 
the treating consultant psychiatrist. Best estimate lifetime (cumulative) AP use was 
determined by multiplying the number of days of AP use with the corresponding 
haloperidol equivalents and summing these scores for all periods of AP use (including 
the exposure period between baseline assessment for the G.R.O.U.P. study and the 
moment of baseline MRI scanning), using the recently published conversion formulas 
for AP dose equivalents described in Andreasen and colleagues (47). 

Substance use 
Substance use was measured with the Composite International Diagnostic Interview 
(CIDI) sections B–J–L(48). Use of cannabis and other drugs was assessed as the reported 
frequency of use during the last 12 months, as well as lifetime use. CIDI frequency data 
on lifetime cannabis use were available for 263 participants (3.0 % missing data).  In 
addition, cannabis was tested in urine available for 247 participants (8.9 % missing da-
ta). The two measurers were combined into one variable, which was coded as follows: 
never used cannabis = 0, ever used cannabis = 1 (0.0% missing data). CIDI frequency 
data on lifetime other (non-cannabis) drug use were available for 267 participants (1.5 
% missing data).  Alcohol use was defined as the reported number of weekly consump-
tions during the last 12 months available for 235 participants (13.3% missing data). 

Childhood trauma 
Childhood trauma was assessed with the Dutch version of the Childhood Trauma Ques-
tionnaire Short Form (CTQ)(49). The short CTQ consists of 25 items rated on a 5-point 
Likert scale (1 = never true to 5 = very often true) inquiring about traumatic experiences 
in childhood. Five types of childhood maltreatment were assessed: emotional, physical 
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and sexual abuse, and emotional and physical neglect, with five questions covering each 
type of trauma. As a general measure of childhood trauma a summary score was creat-
ed by adding the mean scores of each trauma type. The CTQ data were missing for two 
persons (0.7% missing data). 

Developmental urbanicity 
A historical population density record was generated for each municipality from 1930 
onwards using the Dutch Central Bureau of Statistics (CBS)(50) and equivalent Belgium 
database(51). When data were not available, linear extrapolations were computed. 
When historical names of municipalities disappeared from historical records (e.g. due to 
city mergers) we used the available data from the agglomerate city. Subjects were 
asked to describe where they lived during their life. This resulted in a number of records 
for each subject, containing locations by age period. For each of these records, the 
average population density (by square kilometer, excluding water) of the municipality 
for the matching year periods was computed. Subsequently, it was determined where 
the subject lived at birth, between ages 0-4 years; between 5-9 years; 10-14 years; 15-
19 years; 20-39 years; 40-59 years; and 60+ up to the actual age. Average population 
density over the period was categorized conform the Dutch CBS urbanicity rating 
(1=<500/km2; 2=500-1000/km2; 3=1000-1500/km2; 4=1500-2500/km2; 5=2500+/km2). 
The periods 0-4 years, 5-9 years and 10-14 years were merged to average urbanicity 
exposure between 0-14 years. The latter divided by its tertiles was used as the primary 
variable reflecting developmental urbanicity exposure (low, medium, high) in the anal-
yses. Urbanicity data were available for 263 participants (3.0 % missing data). 

MRI Acquisition and Processing  

The MRI scans were acquired using a 3T Siemens scanner (Erlangen, Germany) and the 
following acquisition parameters: Modified Driven Equilibrium Fourier Transform 
(MDEFT) sequence with 176 slices, 1 mm isotropic voxel size, echo time 2.4 ms, repeti-
tion time 7.92 ms, inversion time 910 ms, flip angle 15°, total acquisition time 12 min 51 
sec; Magnetization Prepared Rapid Acquisition Gradient-Echo (MPRAGE; Alzheimer’s 
Disease Neuroimaging Initiative) sequence with 192 slices, 1 mm isotropic voxel size, 
echo time 2.6 ms, repetition time 2250 ms, inversion time 900 ms, flip angle 9°, total 
acquisition time 7 min 23 sec. The matrix size was 256 X 256 and the field of view was 
256 X 256 mm2. The number of excitations was one. Two sequences were used because 
of a scanner update during data collection. The total proportion of MPRAGE scans did 
not differ between the groups (patient, sibling and control) (χ2 = 4.95, p = 0.08) or be-
tween sex (χ2 = 0.01, p = 0.91). 

Cortical reconstruction and volumetric segmentation was performed with the Free-
surfer image analysis suite, which is documented and freely available for download 
online (http://surfer.nmr.mgh.harvard.edu/). The technical details of these procedures 
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are described in prior publications (52-63). Briefly, this processing includes removal of 
non-brain tissue using a hybrid watershed/surface deformation (63), automated      
Talairach transformation, segmentation of the subcortical white matter and deep gray 
matter volumetric structures (including hippocampus, amygdala, caudate, putamen, 
ventricles) (56, 57) intensity normalization (64), tessellation of the gray matter white 
matter boundary, automated topology correction (54, 65) and surface deformation 
following intensity gradients to optimally place the gray/white and gray/cerebrospinal 
fluid borders at the location where the greatest shift in intensity defines the transition 
to the other tissue class (52, 53, 55). Once the cortical models are complete, a number 
of deformable procedures can be performed for further data processing and analysis 
including surface inflation (58), registration to a spherical atlas which utilized individual 
cortical folding patterns to match cortical geometry across subjects (59), parcellation of 
the cerebral cortex into units based on gyral and sulcal structure (60, 66), and creation 
of a variety of surface based data including maps of curvature and sulcal depth. This 
method uses both intensity and continuity information from the entire three dimen-
sional MR volume in segmentation and deformation procedures to produce representa-
tions of cortical thickness, calculated at each vertex on the tessellated surface as the 
average of the distance from a point on the white surface to the closest point on the 
pial surface and from that point back to the closest point on the white surface (53). The 
maps are created using spatial intensity gradients across tissue classes and are there-
fore not simply reliant on absolute signal intensity. The maps produced are not restrict-
ed to the voxel resolution of the original data thus are capable of detecting submillime-
ter differences between groups. Procedures for the measurement of cortical thickness 
have been validated against histological analysis (Rosas et al., 2002) and manual meas-
urements (67, 68). Freesurfer morphometric procedures have been demonstrated to 
show good test-retest reliability across scanner manufacturers and across field 
strengths (61, 69). 

Where necessary, the skullstripping was manually edited using GIANT (General Im-
age Analysis Tools (70). By visual inspection we observed that in many cases the white 
matter surface did not follow the white matter boundaries accurately. It was found that 
the results were much improved by taking the union of the white matter segmentation 
of FreeSurfer and FSL’s FAST (71) . To be consistent, this technique was applied to all 
data sets. 

Statistical/data analyses 

All analyses were carried out using Stata 13 (72). The GMV data consist of individual 
observations nested within families, generating 2 levels of analysis. Because of the two-
level grouping structure of the data, compromising statistical independence of the ob-
servations, multilevel random linear regression analyses were performed using the 
Stata XTREG command, with GMV as the dependent variable and family ID modeled as 
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random effect in all analyses. The regression coefficients (B) from the multilevel linear 
regression model represent the effect size of the predictors and can be interpreted 
identically to estimates in equivalent unilevel linear regression analyses. 

In order to study whether there is differential sensitivity to these environmental ex-
posures in the three groups and in both sexes, a three-way interaction between group 
(healthy control subject = 0, sibling =1 or patient = 2, entered as linear variable and as 
dummy variables with healthy control subject as the reference category), sex (male =0 
or female =1) and cannabis (never used cannabis = 0 or ever used cannabis =1) or child-
hood trauma (trauma score divided by its tertiles, low = 0, medium = 1 or high =2, en-
tered both as a linear variable and as dummy variables with ‘low’ trauma as the refer-
ence category) or developmental urbanicity (low =0 , medium = 1 or high = 2, entered 
both as a linear variable and as dummy variables with ‘low’ urbanicity as the reference 
category) was added to the model. Main effects and interaction terms were tested 
using the chi-square test. The statistical model was: GMV = β0 + β1(group) + β2(sex) + 
β3(environment) + β4(group × sex) + β5 (group × environment) + β6 (sex × environment) 
+ β7 (group × sex × environment). First, the three-way interaction was tested, and sub-
sequently the two-way interactions excluding sex from the interaction (group × envi-
ronmental factor). Group was modelled both as linear and as dummy variables, with 
healthy control subjects as the reference category, in order to examine the level of 
dose-response. Childhood trauma and developmental urbanicity were similarly entered 
both as a linear variable and as dummy variables, with ‘low’ childhood trauma and ‘low’ 
urbanicity as the reference category, to examine the level of dose-response. In the case 
of significant interaction, stratified effect sizes for all levels of environmental exposure, 
per sex and group were calculated by combination of effects from the model containing 
the interactions using the Stata MARGINS routine. All analyses were adjusted for the a 
priori selected confounders: age, educational level, total intracranial volume (ICV), 
group (where group was not the independent variable), sex and scantype (MDEFT or 
MPRAGE). To test the independent effects of the environmental factors, the interaction 
models were also analysed with the two environmental exposures, which were not 
included in the interaction, as additional confounders.  Lastly, we tested if cannabis was 
associated with PANSS scores in the patient group, with age and sex as confounders. 

RESULTS 

Participants and descriptives 

Sociodemographic and clinical characteristics of the sample are summarized in Table 1. 
The patient group comprised more men and more cannabis users than the sibling and 
control group. Patients used other (non-cannabis) drugs more often and had higher 
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levels of childhood trauma with respect to the other groups. Weekly consumption of 
alcohol was highest in the sibling group. 

 
Table 1. Subject demographics 

 Patients 
(n = 89) 

Siblings 
(n = 95) 

Controls 
(n = 87) 

Age at scan 28.1 ± 7.0 29.5 ± 8.8 30.8 ± 10.8 

Sex n (%), male 60 (67%) 49 (52%) 33 (38%) 

Level of education 4.3 ± 2.0 5.1 ± 2.0 5.4 ± 1.8 

Ever used cannabisa 54 (61%) 33 (35%) 22 (25%) 

Other drug lifetimeb 44.6 ± 88.7 6.1 ± 31.3 2.0 ± 11.6 

Alcohol use units/weekc 4.9 ± 9.0 9.6 ± 17.1 5.0 ± 7.0 

Developmental urbanicityd 2.4 ± 1.3 2.3 ± 1.4 2.4 ± 1.5 

Childhood traumae 7.2 ± 2.8 5.8 ± 1.5 5.7 ± 1.8 

PANSS Positive 10.5 ± 5.0 7.4 ± 1.5 7.3 ± 1.1 

PANSS Negative 12.0 ± 5.7 8.5 ± 2.1 8.2 ± 1.0 

PANSS Disorganization 12.5 ± 4.0 10.4 ± 0.9 10.2 ± 1.1 

PANSS Excitement 9.8 ± 2.7 8.6 ± 1.4 8.3 ± 1.1 

PANSS Emotional Distress 13.2 ± 5.2 10.0 ± 2.8 9.2 ± 2.0 

Age of onset 21.7 ± 7.0 - - 

Antipsychoticsf 6777.4 ± 6152.5 - - 

PANSS = Positive and negative syndrome scale. 
aEver used cannabis measured by Composite International Diagnostic Interview and by cannabis analysis in 
urine 
bMean number of times 
cWeekly consumptions on the last 12 months. 
dMean level of childhood urban exposure, Five levels of urbanicity/population density 1=<500 inhabit-
ants/km2; 2=500-1000 inhabitants/km2; 3= inhabitants 1000-1500/km2; 4= inhabitants 1500-2500/km2; 
5=2500+/km2. 
eSummary score of Childhood Trauma Questionnaire Short Form (CTQ) 
fLifetime exposure in haloperidol equivalent 

Cannabis 

The three-way interactions between cannabis, group and sex were statistically signifi-
cant in the model of GMV, whereas the two-way interactions between cannabis and 
group were not (Table 2). The results did not change when childhood trauma or devel-
opmental urbanicity were added as a confounder. Stratified analyses showed that can-
nabis use was associated with lower GMV in the male patient group (B= -32.54, 
p<0.001). The regression coefficient of the male patients differed significantly from the 
regression coefficients of the male controls and the male siblings, with no significant 
difference between male siblings and controls. Stratified effect sizes for the two-way 
interaction were not calculated because the interaction was non-significant (Table 3 and 
Figure 1a). 
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Table 2. Interactions between group status (patient, sibling or control), environmental exposures (cannabis, 
childhood trauma and developmental urbanicity) and sex 

 E linear × Group 
lineara 

E linear × Group 
dummyb 

E dummy × Group 
linearc 

E dummy × Group 
dummyd 

Cannabise     

Three-way 
interaction 

- - χ2 =12.43, p < 0.01 χ2 =15.18, p < 0.01 

Two-way 
interaction 

- - χ2 = 3.20, p = 0.07 χ2 =3.11, p = 0.21 

Childhood trauma     

Three-way 
interaction 

χ2 = 2.18, p = 0.14 χ2 = 4.44, p = 0.11 χ2 = 2.06, p = 0.36 χ2 = 3.31, p = 0.51 

Two-way 
interaction 

χ2 = 5.74, p = 0.02 χ2 = 8.16, p=0.02 χ2 = 5.28, p = 0.07 χ2 = 11.09, p = 0.03 

Developmental 
urbanicity 

    

Three-way 
interaction 

χ2 = 6.29, p = 0.01 χ2 = 7.91, p = 0.01 χ2 = 8.41, p = 0.01 χ2 = 10.61, p = 0.03 

Two-way 
interaction 

χ2 = 0.66, p = 0.42 χ2=0.97, p=0.61 χ2 = 3.82, p = 0.15 χ2 = 5.84, p = 0.21 

E=Environmental risk factor 
Three-way interactions: group × E × sex, two-way interactions: group × E 

a Trauma and urbanicity modelled as linear variable and group modelled as linear variable. 
b Trauma and urbanicity modelled as linear variable and group modelled as dummy variables, with controls as 
the reference category 
c Cannabis, trauma, and urbanicity modelled as dummy variables and group modelled as linear variable. 
Childhood trauma: ‘low’ was reference category. Developmental urbanicity: ‘low’ was reference category. 
d Cannabis, trauma, and urbanicity and group modelled as dummy variables, with controls as the reference 
category. Childhood trauma: ‘low’ was reference category. Developmental urbanicity: ‘low’ was reference 
category. 
e Cannabis was not modelled as linear variable, because it is a binary variable: never used cannabis or ever 
used cannabis. 

Childhood trauma  

The three-way interactions (trauma × group × sex) in the model of GMV were not signif-
icant. In the lower order model, the two-way interactions (excluding sex) were signifi-
cant except for the trauma (dummy variables) x group (linear variable) interaction (Ta-
ble 2). This did not change when cannabis or developmental urbanicity were added as a 
confounder. Stratified effect sizes for the two-way interaction showed that in the pa-
tient group, there was a significant negative association between GMV and childhood 
trauma (B linear trend= -9.79, p=0.01). The direction of effect was the same for the 
medium and the high childhood trauma group, but only significant in the latter. There 
was no significant association between childhood trauma and GMV in the siblings or 
controls. The regression coefficient of the patients differed significantly from the re-
gression coefficients of the siblings and the controls (Table 4 and Figure 2). 



Reduced gray matter volume in psychosis is associated with environmental risk factors 

117 

 

 

Figure 1. Interaction between environmental risk factors and group on gray matter volume in the male popu-
lation. Gray matter volume in mL, means are raw means not adjusted for covariates. A. Interaction between 
cannabis and group in the male population. B. Interaction between developmental urbanicity and group in the
male population. 
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Figure 2. Interaction between childhood trauma and group on gray matter volume in the total study popula-
tion (men and women). Gray matter volume in mL, means are raw means not adjusted for covariates. 

Developmental urbanicity 

The three-way interactions were significant in the model of GMV. The two-way interac-
tions were not statistically significant (Table 2). This did not change after the inclusion of 
cannabis and childhood trauma as additional confounders. Stratified effect sizes for the 
three-way interaction showed that in the male patients, there was a negative associa-
tion between GMV and developmental urbanicity (B linear trend = -10.23, p =0.03). The 
direction of the effect was the same for the medium urbanicity group as for the high 
urbanicity group. The regression coefficients differed significantly between male pa-
tients and controls, whereas the difference between male patients and siblings was 
trend-significant. There was no significant association between developmental urbanici-
ty and GMV in the other groups: male siblings and controls and female patients, siblings 
and controls (Table 5 and Figure 1b).  

Main effects of group, cannabis, childhood trauma, developmental urbanicity 
and cumulative AP dose on GMV 

GMV was significantly smaller in the patient group, compared to the controls (B= -
17.21, p<0.01) and compared to the sibling groups (B= -11.27, p<0.01). Siblings did not 
differ significantly from controls (B= -5.94, p=0.19). GMV was smaller in individuals who 
ever used cannabis compared to persons who never used cannabis (B= -8.28, p=0.03). 
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Cannabis was not associated with PANSS scores in the patient group (PANSS general 
symptoms: B = 0.84, p = 0.57; PANSS positive symptoms: B = 1.10, p = 0.21; PANSS neg-
ative symptoms: B = 0.41, p = 0.71). GMV did not differ significantly across the three 
levels of childhood trauma (B linear trend=-1.31, p=0.57) and developmental urbanicity 
(B linear trend=-2.20, p=0.33) (Table 6). Cumulative AP dose was not associated with 
GMV (B linear trend=0.0001, p=0.85). 
 
Table 6. Gray matter volume by group, cannabis use, childhood trauma and developmental urbanicity 

 
 

n GMV 
Mean ± SDa 

Bb p 

Group     

Controls 87 644.57 ± 64.58   

Relatives 95 653.93 ± 65.22 -5.94 0.19 

Patients 89 645.27 ± 61.24 -17.21 <0.01 

B Linear Trendc   -8.72 <0.01 

Cannabisd     

No 162 643.15 ± 65.54   

Yes 109 655.43 ± 60.27 -8.28 0.03 

Childhood Traumae     

Low 98 643.53 ± 57.91   

Medium 89 657.47 ± 63.97 2.14 0.62 

High 82 640.79 ± 67.77 -3.06 0.51 

B Linear Trendc   -1.31 0.57 

Developmental Urbanicityf     

Low 93 638.07 ± 59.62   

Medium 85 661.79 ± 58.07 -4.33 0.35 

High 85 648.28 ± 71.69 -4.42 0.32 

B Linear Trendc   -2.20 0.33 

n = number of observations 
a GMV in mL, means are raw means not adjusted for covariates 
b Bs represent the regression coefficients from multilevel linear regression analyses, adjusted for age, educa-
tional level, total intracranial volume (ICV), group (where group was not the independent variable), sex and 
scantype (MDEFT or MPRAGE), for group controls were the reference category, for childhood trauma ‘low’ 
childhood trauma was the reference category and for urbanicity ‘low’ urbanicity level was the reference 
category 
c B linear trend represents the summary change in CT with one unit increase in exposure level 
d Measured by CIDI and urine analysis 
e Measured with childhood trauma questionnaire, summary score divided by its tertiles 
f Average population density over the period 0-14 year divided by its tertiles 
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DISCUSSION 

The present study examined whether alterations in whole brain GMV may be the out-
come of differential sensitivity to three environmental exposures in individuals with 
(increased risk for) a psychotic disorder and controls. Additionally, differential effects in 
men and women were investigated. Cannabis use was significantly associated with 
reduced GMV in male patients, but not in siblings or controls. Similarly, higher levels of 
developmental urbanicity were significantly associated with reduced GMV in male pa-
tients, but not in siblings or controls. For childhood trauma, there was a negative asso-
ciation with GMV in the patient group, regardless of sex.  

Findings 

Cannabis and GMV 
The present results on cannabis are partially in line with previous research, although 
studies are scarce and sex differences are not always modelled. Cannabis use in early 
adolescence was negatively associated with cortical thickness in male individuals with a 
high polygenic risk score for schizophrenia, whereas the association was absent in low-
risk male individuals or in low- or high-risk female individuals (14). Rais and colleagues 
showed that patients with first-episode schizophrenia who used cannabis had a more 
pronounced reduction of GMV [28] and cortical thinning (73) compared to non-using 
patients. Sex was added to the analyses as a covariate but the interaction was not ex-
amined. In a previous analysis from our group with cortical thickness (CT) as the out-
come measure, it was shown that higher levels of cannabis use were associated with 
lower CT in patients and siblings (44). The interaction with sex was not explored. The 
present study showed that for GMV, like for CT, there was a significant association with 
cannabis exposure, but only in male patients. In addition, there was no reduction of 
GMV in the siblings in relation to cannabis use, whereas for CT such an association was 
apparent. An explanation for this difference is that global GMV may represent a more 
crude brain measure than CT, and whole brain regional CT (68 regions) multilevel anal-
yses are more powerful. Malchow et al (74) reported lower volumes of the bilateral 
caudate nucleus in patients with a diagnosis of schizophrenia, and both a family history 
of schizophrenia and cannabis use, compared to patients with no or only one risk factor, 
not exploring sex effects. However, Kumra and colleagues (75) found that both schizo-
phrenia and cannabis use disorder independently were associated with parietal lobe 
volume deficits, but there was no additive volumetric deficit in the group with comorbid 
schizophrenia and cannabis use. In patients with recent-onset schizophrenia and an 
additional diagnosis of cannabis abuse or dependence, there was no difference in global 
brain measures (including GMV) with respect to patients who never used cannabis (76). 
Again, these studies did not test sex interactions or (proxy) gene x environment interac-
tions. Koenders et al (77) found that male patients with a diagnosis of schizophrenia and 
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comorbid cannabis use disorders had larger volumes of the putamen compared to 
those without comorbid cannabis use disorder; no other difference in brain volumes or 
cortical thickness were observed. In summary, previous studies are not consistent or do 
not provide comparative analyses. Further research or meta-analysis is required.  

One of the proposed underlying mechanisms is that direct effects of tetrahydrocan-
nabinol (THC), the active psychotropic ingredient of cannabis, may lead to increased 
striatal dopamine levels (78). Excessive dopamine has been associated with DNA dam-
age and apoptosis (79) and stimulation of the dopamine D1 receptor may participate in 
dopamine-induced degeneration (80).However, there are also studies that report the 
opposite effect: cannabis use is associated with reduced dopamine synthesis capacity 
and blunting of dopamine release (81, 82). Further, THC is believed to affect synaptic 
plasticity and THC-related glutamergic effects may affect GMV through a mechanism of 
neurotoxicity (78, 83). Cannabis may also indirectly influence GMV: cannabis use is 
related to the incidence and persistence of psychotic symptoms (84) and it has been 
suggested that structural brain changes may be a consequence of the toxic effect of 
psychotic symptoms (85). In the patients of the current sample, post-hoc analyses 
showed absence of association between cannabis use and PANSS scores. 

Sex-differences in age-related changes of GMV have been reported: in male adoles-
cents steeper slopes of decreases in cortical gray matter are observed compared to 
female adolescents (86). Hypothetically, this sex-related reduction of GMV could be 
further deteriorated by the negative effects of THC on GMV, which could be an explana-
tion for the observed sex differences in the current data. Further, the observed sex 
differences could be related to the protective role of estrogen (87). In support of this, a 
recent study showed that gray matter alterations in females with schizophrenia were 
more prominent in the postmenopausal period (88), possibly due to a decline in estro-
gen level. Thus, the GMV reduction associated with cannabis may be diminished by the 
neuroprotective and antipsychotic effects of estrogen in female patients (89), which 
also may be an explanation for the observed sex differences in the association between 
developmental urbanicity and GMV 

The literature suggests that gene-environment interactions may underlie the associ-
ation between cannabis and psychosis (90). The results of the present study partly sup-
port the hypothesis of gene-environment interaction, as GMV reductions were condi-
tional on cannabis exposure in male patients with a psychotic disorder. However, in this 
study sample no (intermediate) effect was observed in the siblings, which would have 
further supported the hypothesis of gene X environment interaction.  

Childhood trauma and GMV 
The results regarding childhood trauma are partly in line with our previous analyses 
using CT as the outcome (26). In that study, there was evidence for an opposite associa-
tion in patients and siblings: in patients, trauma was associated with a significant reduc-
tion in CT and in siblings with a (trend-significant) increase in CT. In the entire patient 
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group of the current study, there was a statistically significant negative association 
between trauma and GMV, but no evidence for a positive association in siblings. Whole 
brain GMV reduction was not dependent on sex as the three-way interaction was not 
significant. 

These results are in line with two previous studies, in which childhood sexual abuse 
(22) and adverse childhood experiences (23) were associated with reduced gray matter 
volume in patients with psychotic disorder. With regard to the effect of trauma in non-
psychotic populations, Tomoda and colleagues associated harsh corporal punishment 
with reduced prefrontal cortical GMV (31) and the witnessing of domestic violence 
during childhood with reduced visual cortex GMV and thickness in the general popula-
tion (25). Physical neglect has also been associated with prefrontal cortex volume re-
duction in healthy controls compared to patients with a major depressive disorder (91). 
These results are in contrast with our findings since the control group showed no reduc-
tion of GMV in relation to childhood trauma. 

Altered hypothalamic-pituitary-adrenal (HPA) axis functioning is a plausible biologi-
cal mechanism, explaining the link between childhood trauma and GMV reduction (92). 
The HPA-axis and dopaminergic circuits in the brain affect each other, and altered HPA-
axis functioning may lead to increased dopamine activity (93). Excessive dopamine re-
lease is associated with DNA damage and apoptosis (79) and stimulation of the D1 do-
pamine receptor may also participate in DA-induced degeneration (80), which could 
lead to GMV reduction. Also, the direct effects, of cortisol on the brain, atrophy and 
synaptic loss, through stimulating the glucocorticoid receptors, should be taken into 
account (94).   

Developmental urbanicity 
To our knowledge, this is the first study on the association between developmental ur-
banicity and structural brain alterations in the context of (familial risk for) psychotic dis-
order. Haddad and colleagues (95) studied GMV and urban upbringing in healthy sub-
jects, reporting a negative correlation between urban upbringing and GMV of the right 
dorsolateral prefrontal cortex in men and women, and a negative correlation between 
urban upbringing and GMV in the perigenual anterior cingulate cortex in men only. Our 
results are in contrast, because we observed no associations between developmental 
urbanicity and GMV in the healthy control group. We did find a negative association 
between developmental urbanicity in the male patients. These divergent findings may 
reflect the complexity of urban upbringing as a risk factor. The urban environment con-
sists of various elements. One of these elements or, more likely, a combination of ele-
ments may contribute to the actual risk factor for psychotic disorder, but still has to be 
discovered. Future research is needed to unravel which factor or which factors related to 
the urban environment mediate the higher risk for psychotic disorders, in order to facili-
tate studies that attempt to unravel underlying neurobiological pathways.  
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Urban upbringing is associated with early life stress (29, 30), early life stress has 
been associated with cerebral alterations in humans (31) and in animals (32), through 
altered levels of neurohormones,  neurotransmitters, and neurotrophic factors (33). 
Further, like childhood trauma, altered functioning of the HPA-axis is a plausible mech-
anism linking developmental urbanicity to GMV reduction. The observed sex differences 
could be related to the protective role of estrogen, as observed earlier (87). 

Methodological considerations 

Some limitations need to be addressed. Although significant group differences were 
found, the results need to be interpreted cautiously, since effect sizes were small and 
difficult to interpret in terms of biological and clinical relevance. In addition, some sub-
group analyses suffered from lack of statistical power due to the small number of indi-
viduals in particular subgroups.  

Patients reported more cannabis use and childhood trauma than the controls and 
the siblings, which makes the interpretation of the interaction more difficult since we 
cannot distinguish between moderation and mediation. However, it is unlikely that 
mediation is the only underlying mechanism because for most exposures in psychiatry, 
both mediation and moderation usually apply (96). 

Systematic review and a longitudinal study (97, 98) suggest that AP treatment con-
tributes to the brain structural changes observed in psychotic disorders, which could 
also be true for our study population. However, cumulative AP dose was not significant-
ly associated with GMV in this sample, which makes it unlikely that this factor influ-
enced the results. 

Further, participants grew up in the Netherlands and Belgium which can be de-
scribed as relative safe and developed countries. In other countries, urban-rural dis-
crepancies may be more prominent. However, studies conducted in the Netherlands did 
report a higher incidence of psychotic disorders related to urban upbringing (99) indi-
cating that, although the urban-rural difference may be relatively small, it is still large 
enough to have an effect. 

The childhood trauma questionnaire is a retrospective and self-report questionnaire. 
This may raise questions of reliability, however studies on the use of the childhood 
trauma questionnaire indicate that this is a reliable measure for childhood trauma in 
patients (100, 101). In this study a biological measure, GMV, was used as dependent 
variable, which reduces the risk of reporting bias. However, it cannot be ruled out that 
brain alterations that are weakly associated with the illness still have an impact on the 
reporting of childhood trauma, cannabis or developmental urbanicity. Nevertheless, this 
applies to all observational neuroimaging studies that cannot randomly assign individu-
als to cannabis use, childhood trauma or developmental urbanicity. Longitudinal anal-
yses are required to provide more robust answers on the relationship between cerebral 
phenotypes and genetic and environmental risk factors in psychotic disorder. 
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The overall aim of this thesis was to study environmental risk factors for psychotic dis-
order and potential pathways between these risk factors and psychotic disorder, with 
special emphasis on childhood urbanicity, but also childhood trauma, cannabis and 
influenza. First, epidemiological and ecological studies were performed, second a mul-
timodal approach was applied: neuroimaging phenotypes and epidemiology were com-
bined to study these risk factors. In addition to patients with psychotic disorder, healthy 
siblings of patients with psychotic disorder were included in most studies. Studying the 
effects of environmental risk factors in healthy siblings is a favorable approach, as the 
siblings share a portion of their genes but there is no bias by the (pathologic) effects of 
the psychotic disorder or by the treatment of psychotic disorder. In this discussion find-
ings from the separate studies will be integrated and discussed along the lines of exist-
ing literature. 

CHILDHOOD URBANICITY 

Although studies are consistent in showing that childhood urbanicity is associated with 
elevated risk for psychotic disorder, the underlying mechanisms remain to be elucidat-
ed. In this thesis, different approaches were utilized in an attempt to unravel the asso-
ciation between childhood urbanicity and psychotic disorder. First, a summary of the 
main findings for childhood urbanicity of each study is presented, second these sepa-
rate findings are integrated and discussed in a wider context. 

Findings 

In chapter 3 behavioral sensitization was tested as mechanism linking childhood ur-
banicity to psychotic disorder.  The results of this study showed that patients with psy-
chotic disorder displayed higher levels of negative affect (NA) in relation to subjective 
stress (SS), regardless of level of urbanicity, which is a replication of previous research 
(1, 2). Contrary to our expectations, results indicated that urbanicity was associated 
with blunted rather than enhanced increase in NA after exposure to SS, consistently 
across the three groups (patients, siblings and controls).  

Next, the association between childhood urbanicity, childhood trauma and psychotic 
disorder was examined (chapter 4). Childhood urbanicity appeared to moderate the 
association between childhood trauma and psychotic disorder: the risk-increasing effect 
of childhood trauma for psychotic disorder was stronger for higher levels of childhood 
urbanicity. Childhood urbanicity appeared to strengthen the association between child-
hood neglect and psychotic disorder more than the association between childhood 
abuse and psychotic disorder. Further, our results suggested that individuals who later 
develop psychotic disorder could be more susceptible to exposure to childhood trauma 
when growing up in an urban environment.  
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In chapter 5 educational achievements in psychotic disorder were studied. Overall, 
participants had a higher level of education than their parents. This difference was sig-
nificantly less in the patient group and the healthy siblings were in between the controls 
and the patients. Higher levels of childhood urbanicity were associated with decreased 
intergenerational difference in educational achievements.  However, there was no evi-
dence that the association between intergenerational educational achievements and 
childhood urbanicity differed for patients, siblings or controls. 

In chapter 6 and 7 structural neuroimaging was used to examine cerebral pheno-
types in relation to environmental risk factors. We found that the negative association 
between (familial risk for) psychotic disorder and cortical thickness (CT) was not moder-
ated by childhood urbanicity. In contrast, the negative association between psychotic 
disorder and gray matter volume (GMV) was moderated by childhood urbanicity in the 
male patients only. In the male patients, there was a negative association between GMV 
and childhood urbanicity. 

Nonspecific findings 

Childhood urbanicity appeared to be associated with characteristics that are specific 
for psychotic disorder, and with characteristics that are not specific for psychotic disor-
der. Blunted stress reactivity and decreased intergenerational educational achieve-
ments are non-specific outcomes, which were observed in the entire study population, 
i.e., patients with psychotic disorder, healthy siblings and controls. These non-specific 
results are interesting because they may provide knowledge about the impact of ur-
banicity on the general population, and, although the findings were not specific for 
psychotic disorder, it is still conceivable that they could contribute to the development 
of psychotic disorder.  

With respect to blunted stress reactivity, it is possible that the urban environment 
involves exposure to more and stronger stressors and that individuals may develop 
behavioral adaptation. The behavioral sensitization theory argues that previous expo-
sure to stress increases sensitivity to stress in daily life (3). Our results suggest a differ-
ent process for exposure to stress in the urban environment: instead of increasing reac-
tivity, persons seem to become less responsive to stress resulting in blunted increase in 
negative affect and secondary behavioral withdrawal, adaptation that could be (partly) 
necessary to survive in an urban environment. Thus, in the case of liability to psychotic 
disorder, reduced interaction with the social world may result in failure to correct early 
reality distortion (complying with the reality testing hypothesis (4)) and subsequently 
may give rise to overt psychotic symptoms.  

It is conceivable that decreased intergenerational achievements in education, are 
associated with a subordinate position: when a person receives results or evaluations 
which are less compared to their peers, this could result in feelings of inferiority or in 
lesser judgement by others. A subordinate position is an example of social defeat. Social 
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defeat has been proposed as risk factor for psychotic disorder and has been associated 
with sensitization of the mesolimbic dopamine system (5). Thus, decreased intergenera-
tional achievements associated with the urban environment could contribute to devel-
opment of psychotic disorder through higher levels of social defeat. 

Findings specific for psychotic disorder 

With regard to the more specific results for psychotic disorder, our results showed that 
childhood urbanicity moderates the association between childhood trauma and psy-
chotic disorder. An explanation for this finding is that urban upbringing creates addi-
tional exposure to stress (6), for example through higher levels of social isolation (7) and 
social defeat (5). This background stress level may increase any effect of stress as a 
consequence of childhood trauma. Our results also suggested that individuals who later 
developed psychotic disorder could be more susceptible to exposure to childhood 
trauma when growing up in an urban environment. Because childhood trauma (8) and 
childhood urbanicity (9) both appear to be substantial risk factors for psychotic disor-
ders, growing up in a city and the subsequently higher risk for childhood trauma (gene 
environment co-association: exposure to environmental conditions depends on an 
individual's genotype) will even further increase the risk of psychotic disorder. The asso-
ciation between childhood urbanicity and childhood trauma in the psychotic patients 
could be explained by social cognition. From meta-analytic evidence, it is known that 
social cognition is impaired in psychotic disorder (10). Research in young persons, age 
13-24, at genetic and clinical high-risk, imply that social cognition already could be im-
paired before the onset of the psychotic disorder (11). The urban environment is asso-
ciated with higher levels of social competition. More social competition combined with 
impaired social cognition, could increase the likelihood to experience interpersonal 
adversity and, possibly, childhood trauma. Therefore, alterations in social cognition 
before the onset of psychotic disorder may represent a candidate explanation for the 
association between childhood urbanicity and childhood trauma in persons who later 
developed a psychotic disorder. 

Childhood urbanicity and cerebral phenotypes (GMV, CT) 

Childhood urbanicity was associated with reduced GMV but not with reduced CT in the 
male patients. These results may seem contrasting. However, GMV is a measure that 
not only entails CT, but also surface area and gyrification. It is possible that childhood 
urbanicity negatively affects surface area or gyrification, and not CT. A recent study by 
Smith and colleagues (12), found that in men with first-episode psychosis perinatal 
hypoxia was associated with surface area and gyrification, slow fetal growth was associ-
ated with surface area. Neither perinatal hypoxia nor slow fetal growth were associated 
with CT. The authors explained this by the timing: CT matures late, shortly before pu-
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berty, while perinatal hypoxia and slow fetal growth are obstetric complications, which 
may impact early brain development. Women were not included in this study and since 
previous studies (13, 14) have shown that there are sex differences in cortical develop-
ment these results may not be generalizable to women. Mutlu and colleagues (14) 
found that during adolescence women display higher rates of cortical thinning of the 
right temporal cortex, the left temporoparietal junction and the left orbitofrontal cor-
tex. A later study by Vijayakumar (13) did not find a higher rate of cortical thinning, but 
they did observe sex differences across time in relation to cortical volume and surface 
area. A possible explanation of our findings is that childhood urbanicity has an effect on 
surface area and/or gyrification in the first years of life and not on CT. However, previ-
ous research on the association between childhood urbanicity and schizophrenia (15) 
has not shown that any specific age period during childhood particularly increases the 
risk for schizophrenia.  

GMV reduction in association with childhood urbanicity was only observed in the 
male patients with psychotic disorder. In an earlier study, male adolescents showed 
steeper slopes of decreases in cortical gray matter compared to female adolescents 
(16). Hypothetically, sex-related reduction of GMV could be further deteriorated by the 
negative effects of childhood urbanicity on GMV. Women could be (partially) protected 
for this process of reduction by the protective role of estrogen (17). In support of this, a 
recent study showed that gray matter alterations in females with schizophrenia were 
more prominent postmenopausal than premenopausal (18), possibly due to a decline in 
estrogen level. Thus, the GMV reduction associated with higher childhood urbanicity 
levels may be diminished by the neuro-protective and antipsychotic effects of estrogen 
in female patients (19), which also very well may be an explanation for the observed sex 
differences in the association between cannabis and GMV (see cannabis). 

It is likely that stress plays an important role in the association between reduced 
GMV and childhood urbanicity. Childhood urbanicity is associated with early life stress (5, 
7), which has been associated with cerebral alterations, in humans (20) and in animals 
(21). Through elevated level of stress chemicals, such as glucocorticoids and catechola-
mines, stress exposure may lead to accelerated loss of neurons, delays in myelination, 
deviations in pruning, inhibition of neurogenesis or a stress induced decrease in brain 
growth factors (22). For example, exposure to (social) stress is thought to lead to a 
blunted cortical dopamine response and reduced inhibition of mesolimbic dopamine 
release, resulting in increased subcortical dopamine response (23, 24).  Excessive dopa-
mine, in turn, has been associated with DNA damage and apoptosis (25) and stimulation 
of the dopamine D1 receptor may participate in dopamine-induced degeneration (26). 

To our knowledge, this is the first study on the relation between childhood urbanici-
ty and structural brain alterations in the context of (familial risk for) psychotic disorder. 
Haddad and colleagues (27) studied GMV and urban upbringing in healthy subjects. 
They detected a negative correlation between urban upbringing and GMV of the right 
dorsolateral prefrontal cortex in men and women, and a negative correlation between 
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urban upbringing and GMV in the perigenual anterior cingulate cortex in men only. Our 
results are in contrast, because we observed no associations between childhood ur-
banicity and CT or GMV in the healthy control group. These divergent findings may 
reflect the complexity of urban upbringing as a risk factor, but could also be related to 
methodological issues such as differences in scanning sequence and population, partici-
pants of study by Haddad and colleagues were approximately 2 years older and more 
than 50% was male, in our study 38% was male. 

 In future research, it would be interesting to not only look at CT and GMV, but also 
at surface area and gyrification: changes in surface area and gyrification could be an 
explanation for the reduced GMV in the absence of reduced CT. Sex differences need 
further exploration and level of urbanicity at birth and first years of life could be com-
pared to the level of urbanicity in later childhood regarding changes in CT, surface area 
and gyrification. 

MATERNAL INFLUENZA 

A meta-analysis was conducted to examine whether birth during the 9-month period 
after the influenza pandemic of 1957 was a risk factor for schizophrenia. Three types of 
studies were distinguished. Type A studies included 8 ecological studies from Europe, 
America and Australia that compared the risk of schizophrenia among subjects born any 
time in the 9 months after the pandemic with that among those born in the corre-
sponding periods of time in the previous and/or subsequent year. Although it was not 
known whether the mothers actually had influenza, these children were considered to 
be exposed. Recent publications on influenza pandemic assume that 50% of the popula-
tion is infected. Type B studies were ecological studies from Japan. In Japan the influen-
za 1957 pandemic came in two waves, therefore the studies from Japan were consid-
ered to be different from the other ecological studies. Two studies compared the risk of 
schizophrenia among children whose mother reported having had influenza during the 
pandemic with that among those mothers reported not having had influenza during the 
pandemic, type C studies. The pooled results for the 3 types of studies were negative, 
i.e. there was no evidence for increased risk of schizophrenia after being exposed in 
utero to the 1957 pandemic of influenza. From this meta-analysis, the evidence to sup-
port the maternal influenza hypothesis is insufficient. 

Recent studies on influenza and psychotic disorder 

 After our meta-analysis another meta-analysis was conducted by Cai and colleagues in 
2015 (28), their conclusion was that gestational influenza did increases the risk of psy-
chosis in adults, which is remarkable as it only includes 4 ecological studies: 3 of these 
ecological studies were also included in our meta-analysis (our meta-analysis contained 
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11 ecological studies), one was not included in our meta-analysis because it assessed 
the association between influenza and affective disorders (29). They further included 3 
non-ecological studies in which maternal influenza was determined by medical records 
or serological testing. These were not included in our meta-analysis because they were 
not related to the influenza pandemic of 1957. One of these studies again investigated 
the association between influenza and bipolar disorder and was not comparable to the 
other studies (30). Thus, the result of this meta-analysis should be interpreted with 
caution. One new study was conducted after our meta-analysis in which decreased birth 
weight and the association with prenatal serologically determined influenza in psychotic 
disorder was examined (31). They found that patients with psychotic disorder had sig-
nificantly lower birth weight if they had been exposed to influenza during pregnancy, 
this association was absent for the healthy comparison subjects. Their explanation for 
this finding was that factors associated with liability for psychotic disorder can make the 
fetus more vulnerable for obstetric complications like influenza, which can result in 
decreased birth weight. This study was not designed to investigate the risk of develop-
ing psychotic disorder after influenza exposure in utero.  

Influenza is one of the most common infectious illnesses (32), affecting persons of 
all ages including women in their fertile period. The results of the current meta-analysis 
are reassuring with respect to the risk of psychotic disorder after exposure to influenza 
in utero and do not suggest that any extra precautions should be taken regarding the 
risk of psychotic disorder. However, influenza during pregnancy is certainly not without 
risks, for example pregnant hospitalized women with influenza infection have increased 
rates of preterm birth and fetal/neonatal death are reported (33). Therefore, antiviral 
treatment or vaccination for pregnant women should be considered (33). Higher occur-
rence of pregnancy and birth complications (34) or infections (35) are proposed mecha-
nisms linking childhood urbanicity to psychotic disorder. The current meta-analysis 
makes it unlikely that higher incidence of influenza in an urban environment is one of 
the factors mediating the risk for psychotic disorder. 

CHILDHOOD TRAUMA 

Findings 

In summary, the main findings for childhood trauma in this thesis are (the first two 
findings were discussed in the section of childhood urbanicity):  

1. The association between childhood trauma and psychotic disorder was moder-
ated by childhood urbanicity: the risk-increasing effect of childhood trauma for 
psychotic disorder was stronger for higher levels of childhood urbanicity;  
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2. Individuals who later develop psychotic disorder could be more susceptible to 
exposure to childhood trauma when growing up in an urban environment: higher 
levels of childhood urbanicity were associated with higher trauma scores in the 
patient group; 

3. Childhood trauma did not affect intergenerational educational achievements, 
and childhood trauma was not differentially associated with intergenerational 
educational differences across psychotic patients, siblings, and in controls;  

4. Higher levels of childhood trauma were significantly associated with reduced 
GMV in patients, both men and women, with psychotic disorder.   

Childhood trauma and intergenerational educational achievements 

Previous research has associated childhood trauma with lower academic performance 
(36, 37), adverse effects on educational attainment (38), and academic delay (37). We 
assessed educational level relative to parental education, which is different from previ-
ous research, thus our results are not necessarily in contrast with previous studies. The 
study sample in this thesis was large enough, 1507 participants, to identify a potential 
effect of childhood trauma on educational achievements. In line with our results, Boden 
and colleagues (39) found that physical and sexual abuse negatively affected education-
al achievements, but this effect was no longer significant after inclusion of social, family 
and individual factors, such as parental education, as confounders.  Thus, our results 
and the results from the study from Boden and colleagues suggest that the context, 
such as level of parental education, should be considered when studying educational 
achievements in association with childhood trauma.  

Childhood trauma and GMV 

With regard to the association between childhood trauma and GMV reduction in pa-
tients with psychotic disorder, stress-induced altered functioning of the hypothalamic-
pituitary-adrenal (HPA) axis may be considered as underlying mechanism (40, 41). The 
HPA-axis and dopaminergic circuits in the brain affect each other, and altered HPA-axis 
functioning may lead to increased dopamine activity (42). Also, the direct effects, atro-
phy and synaptic loss, of cortisol on the brain, through stimulation of the glucocorticoid 
receptors, should be taken into account (43). Lastly, increased levels of dopamine in 
response to stress, through blunted cortical dopamine response and reduced inhibition 
of mesolimbic dopamine release (23), may result in dopamine induced degeneration 
(25, 26). 

Previous research on the association between gray matter alterations and childhood 
trauma in psychotic disorder revealed similar results, although studies are scarce. Earli-
er analyses from our group using CT as the outcome (26), found that childhood trauma 
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was associated with a reduction in CT in patients with psychotic disorder. Sheffield and 
colleagues showed an association between childhood trauma and reduced GMV in 
psychotic disorder (44). Reduced cortico-limbic GMV in patients with schizophrenia has 
been reported in individuals with high, but not low, levels of adverse childhood experi-
ences, patients with bipolar disorder showed similar results but to a lesser extent (45). 
The finding of reduced GMV after exposure to childhood trauma may very well be non-
specific for psychotic disorder, as similar results have been found for depressive disor-
der (46, 47), bipolar disorder (48) and posttraumatic stress disorder (49). 

Our results in the healthy controls may seem at contrast with previous research on 
the effect of childhood trauma in the non-psychotic population, since we did not found 
an association between GMV and childhood trauma in this group. Childhood maltreat-
ment in non-psychotic populations has been associated with alterations in the anterior 
cingulate cortex, dorsal lateral prefrontal cortex and orbitofrontal cortex (50). We could 
not retrieve any negative studies on childhood trauma and gray matter alterations, 
which could imply a publication bias. Another explanation for the difference in findings 
in traumatized non-psychotic populations and the healthy controls described in this 
thesis, is that the latter had less trauma exposure compared with the individuals studied 
in the childhood maltreatment studies.  

CANNABIS 

Cannabis and GMV 
Cannabis use was significantly associated with reduced GMV in male patients, but not in 
siblings or controls. In the female study population, patients, siblings and controls, there 
was no association between cannabis use and GMV. In a previous analysis from our 
group with CT as the outcome measure, it was shown that higher levels of cannabis use 
were associated with lower CT in patients and siblings (51), but the interaction with sex 
was not explored. An explanation for the differential group findings is that global GMV 
may represent a more crude brain measure than CT, and whole brain regional CT (68 
regions) multilevel analyses are more powerful. Another explanation is related to tim-
ing: CT matures shortly before puberty (12), gyrification and surface area are two other 
measures which entail to GMV, but mature earlier. Cannabis use often commences 
around puberty (52) and thus may impact CT more than GMV, because surface area and 
gyrification are already matured before puberty. 

Previous studies of other groups on cannabis and gray matter alterations in psychot-
ic disorder show inconsistent results and sex differences are not always modelled. Can-
nabis use in early adolescence was negatively associated with CT in male individuals 
with a high polygenic risk score for schizophrenia, whereas the association was absent 
in low-risk male individuals or in low- or high-risk female individuals (53). Rais and col-
leagues showed that patients with first-episode schizophrenia who used cannabis had a 
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more pronounced reduction of GMV (28) and cortical thinning (54) compared to non-
using patients. Sex was added to the analyses as a covariate but the interaction was not 
examined. Malchow et al (55) reported lower volumes of the bilateral caudate nucleus 
in patients with a diagnosis of schizophrenia and a history of cannabis abuse but only if 
they had a family history of schizophrenia, implying G x E interaction. Effects of sex were 
not explored.  

Kumra and colleagues (56) found that both schizophrenia and cannabis use disorder 
independently were associated with parietal lobe volume deficits, but there was no 
additive volumetric deficit in the group with comorbid schizophrenia and cannabis use. 
In patients with recent-onset schizophrenia and an additional diagnosis of cannabis 
abuse or dependence, there was no difference in global brain measures (including 
GMV) with respect to patients who never used cannabis (57). Again, these studies did 
not test interactions with sex or (proxy) gene x environment interactions. Koenders et al 
(58) found that male patients with a diagnosis of schizophrenia and comorbid cannabis 
use disorders had larger volumes of the putamen compared to those without comorbid 
cannabis use disorder; no other difference in brain volumes or CT were observed. In 
summary, previous studies are not consistent or do not provide comparative analyses, 
and interactions with sex and G x E interaction have not been given sufficient attention. 
Further research or meta-analysis is required. 

Disruption of endocannabinoid signalling by the use of cannabis could be an expla-
nation for the reduction of GMV, as the endocannabinoid system plays an important 
role in neuronal proliferation, migration, axonal guidance, positioning of cortical inter-
neurons, and synaptogenesis (59). Furthermore, tetrahydrocannabinol (THC), the active 
psychotropic ingredient of cannabis, may lead to increased striatal dopamine levels (60, 
61). Excessive dopamine and stimulation of the dopamine D1 receptor may participate 
in dopamine-induced degeneration (26, 62, 63). However, there are also studies that 
report the opposite effect: cannabis use is associated with reduced dopamine synthesis 
capacity and blunting of dopamine release (64, 65). Further, THC is believed to affect 
synaptic plasticity and THC related glutamatergic effects may affect GMV through a 
mechanism of neurotoxicity (60, 66, 67). Cannabis may also indirectly influence GMV: 
cannabis use is related to the incidence and persistence of psychotic symptoms (68) and 
it has been suggested that the ‘toxic effect’ of psychotic symptoms through the degen-
erative effects of dopamine, may impact brain structure (69). As discussed previously 
the sex differences may be related to the protective role of estrogen (17). 

CONCLUSION 

In this thesis, multiple approaches were used to study several environmental risk factors 
for psychotic disorder. There was no evidence for increased risk of schizophrenia after 
being exposed in utero to the 1957 pandemic of influenza. Childhood urbanicity was 
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associated with reduced stress-reactivity and reduced intergenerational educational 
performance in the entire study population (patient with psychotic disorder, siblings and 
healthy controls), although these findings were not specific for psychotic disorder, it is 
still conceivable that they could contribute to the development of psychotic disorder 
Further, childhood urbanicity and childhood trauma were found to impact each other: 
the risk-increasing effect of childhood trauma for psychotic disorder was stronger for 
higher levels of childhood urbanicity and persons with a liability for psychotic disorder 
may be more likely to experience trauma in childhood in the presence of childhood ur-
banicity. The neuroimaging findings in this thesis imply that reduction of GMV in psychot-
ic disorder may be the outcome of differential sensitivity to the environmental risk fac-
tors childhood urbanicity, childhood trauma and cannabis, particularly in male patients. 

CLINICAL IMPLICATIONS 

Although the studies included in this thesis do not directly lead to altered strategies in 
the treatment of psychotic disorder, indirectly there are some implications with respect 
to prevention and treatment. In areas of higher urbanicity there should be more aware-
ness for childhood trauma, especially in families that could be considered vulnerable, 
for example due to genetic liability for psychotic disorder. Further, educational 
achievements should be monitored with respect to the level of urbanicity. This could be 
realized at the end of primary and secondary education: in the Netherlands at the end 
of primary and secondary school nationwide general tests are executed, these results 
could be used to further examine the effect of the urban environment on scholastic 
achievements. If the negative association between urbanicity and educational achieve-
ments would be confirmed in future research, this could have implications for reorgani-
zation of educational system in cities. 

In the diagnostic process of psychotic disorder attention should be paid to the envi-
ronmental risk factors in the history of the patient. The findings from the structural 
neuroimaging studies support that childhood urbanicity, childhood trauma and canna-
bis are environmental factors that play a significant role in psychotic disorder. Patients 
are often looking for an explanation of why they became ill. Better understanding of the 
underlying mechanisms by the clinician and translating these mechanisms to the pa-
tient, may help to strengthen the therapeutic alliance, as he or she may feel better 
understood. Good therapeutic alliance is an important predictor of therapy outcome 
(70). Further, the clinician should be aware that stress reactivity could be altered in 
patients with psychotic disorder. Mindfulness and cognitive-behavioral interventions 
could be used to reduce stress reactivity and improve daily life functioning.  
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FUTURE RESEARCH 

Future research is needed to unravel which factor or which factors related to the urban 
environment mediate the higher risk for psychotic disorders, in order to facilitate stud-
ies that attempt to unravel pathologic pathways. The urban environment consists of 
various elements. One of these elements or, more likely, a combination of elements 
may contribute to the actual risk factor for psychotic disorder, but still has to be discov-
ered. Our research suggests that childhood trauma could be one of those elements. As 
childhood urbanicity seems to have an effect on stress processing (blunted stress reac-
tivity) and childhood urbanicity strengthens the effects of stress experience as a conse-
quence of childhood trauma, it would be most logical to investigate factors that are 
related to social stress more closely, not only environmental social stress factors, but 
also within-person factors associated with social stress, for example social cognition. 
Further, not only risk increasing elements of urban life should be studied, risk decreas-
ing elements are equally interesting. More work is required to understand the interac-
tion between urban environment and educational outcomes. Possible mediating factors 
could be school size, class size, level of individual educational support and class dynam-
ics, and would be interesting to study. Finally, in this thesis cross-sectional study designs 
were used, from which we cannot establish causal relations. Longitudinal analyses and 
meta-analyses are needed to provide more definite answers on the relationship be-
tween cerebral phenotypes and genetic and environmental risk factors, in psychotic 
disorder. 
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In this thesis known environmental risk factors for psychotic disorders were studied and 
an attempt was made to unravel how these environmental risk factors may contribute 
to psychotic disorders. Although there is sufficient evidence that childhood urbanicity, 
childhood trauma and cannabis are risk factors for psychotic disorder, the underlying 
etiologic processes to psychosis need further exploration. Whether maternal influenza 
is a true risk factor for psychotic disorders is uncertain, studies disagree and there is 
need for clarification. Instead of focussing on one research methodology, different 
strategies were used: epidemiological, ecological and neuro-imaging approaches were 
used in an attempt to untangle the associations. In addition to patients with a psychotic 
disorder and healthy controls, healthy siblings of patients with a psychotic disorder 
were included in most studies.  
 
In Chapter 1 the environmental risk factors, which are studied in this thesis, are dis-
cussed: maternal influenza during pregnancy, childhood urbanicity, childhood trauma 
and cannabis. Previous research describing the association between these risk factors 
and psychotic disorder is summarized and possible underlying (neuro-biological) path-
ways are debated. In addition, previous research of structural neuroimaging findings in 
association with these environmental risk factors are discussed. 
 
In Chapter 2 maternal influenza as a risk factor for schizophrenia was studied.  Not all 
studies agree that maternal influenza is a risk factor. A meta-analysis was conducted to 
examine whether births during the nine-month period following the influenza pandemic 
of 1957 was a risk factor for schizophrenia. Three types of-studies were distinguished: 
Type A studies included eight ecological study groups from Europe, America and Aus-
tralia that compared the risk of schizophrenia among subjects born any time within the 
nine-month period following the influenza pandemic with that amongst those born in 
the corresponding periods of time in the previous and/or subsequent year. Although it 
was not known whether the mothers actually had influenza, it was assumed that these 
children had been exposed. Recent publications on influenza pandemics assume that 
50% of the population is infected. Type B studies were ecological studies from Japan. 
The Japanese (1957) influenza pandemic arrived in two waves. For this reason, the 
Japanese studies were considered to be different from the other ecological studies. Two 
studies compared the risk of schizophrenia among children whose mothers reported 
having had influenza during the pandemic with those mothers who reported not having 
had influenza during the pandemic, type C studies. The pooled results for the three 
types of studies were negative: there was no evidence for increased risk of schizophre-
nia after being exposed in utero to the 1957 pandemic of influenza. From this meta-
analysis the evidence to support the maternal influenza hypothesis is insufficient. 
 
Behavioural sensitisation was tested as a mechanism that links childhood urbanicity to 
psychotic disorders in Chapter 3. Previous research revealed that individuals with psy-
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chotic disorders showed increased emotional reactivity to stressful daily life events 
compared to individuals without a psychotic disorder. In Chapter 3 the experience sam-
pling method (ESM) was used to study stress reactivity and its association with psychot-
ic disorders and childhood urbanicity. The study population consisted of patients with a 
psychotic disorder, healthy siblings of patients with a psychotic disorder, and healthy 
controls. The findings demonstrated that patients with a psychotic disorder displayed 
higher levels of negative affect (NA), in relation to subjective stress (SS), regardless of 
urbanicity levels. This is a replication of previous research. Contrary to our expectations, 
results indicated that urbanicity was associated with blunted rather than enhanced 
increase in NA after exposure to SS, consistently across the three groups (patients, sib-
lings and controls). The findings suggest that urban upbringing may occasion "habitua-
tion" rather than “sensitization" across groups, which may or may not be relevant for 
the onset of a psychotic disorder. 
 
In Chapter 4 childhood trauma and childhood urbanicity were examined together. The 
study population was comprised of patients with a psychotic disorder and healthy con-
trols. Tests were carried out to see whether childhood urbanicity moderates the associ-
ation between childhood trauma and psychotic disorder and whether childhood ur-
banicity is associated with higher levels of childhood trauma in individuals with a psy-
chotic disorder. Childhood urbanicity appeared to moderate the association between 
childhood trauma and psychosis: the risk-increasing effect of childhood trauma for 
psychotic disorder was stronger for higher levels of childhood urbanicity. Further, our 
results suggested that individuals who later develop a psychotic disorder could be more 
susceptible to childhood trauma when growing up in an urban environment.  
 
In Chapter 5 intergenerational educational achievements in psychotic disorder were 
examined and whether childhood trauma and childhood urbanicity influence intergen-
erational educational performance. Overall, the participants had a higher level of edu-
cation than their parents. This difference was significantly less in the patient group and 
the healthy siblings were in between the controls and the patients. Higher levels of 
childhood urbanicity were associated with decreased intergenerational difference in 
educational achievements.  However, there was no evidence that associations between 
intergenerational educational achievements and childhood urbanicity differed for pa-
tients, siblings or controls. Childhood trauma did not seem to affect intergenerational 
educational achievements, and childhood trauma was not differentially associated with 
intergenerational educational differences across psychotic patients, siblings, and in 
controls.  
 
In Chapters 6 and 7 a multimodal approach was applied to study environmental risk 
factors: structural neuro-imaging data, objective phenotypes of psychotic disorder, are 
combined with epidemiologic data. Both chapters also explored gender differences, 
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since findings of structural alterations in psychotic disorders seem to be more extensive 
in the male population. Patients with a psychotic disorder, healthy siblings and healthy 
controls were included in the study population. In Chapter 6 cortical thickness (CT) as 
the outcome of differential exposure to urban upbringing was studied. CT was signifi-
cantly lower in the patient group compared to the controls, but not in the siblings com-
pared to the controls. There was no evidence that the negative association between 
(familial risk for) psychotic disorder and CT was moderated by childhood urbanicity. 
 
In Chapter 7 gray matter volume (GMV) and exposure to childhood trauma, childhood 
urbanicity and cannabis was studied.  GMV was significantly smaller in the patient group 
compared to the controls; siblings did not differ significantly from controls. In contrast 
with the results of Chapter 6, the negative association between psychotic disorder and 
GMV was moderated by childhood urbanicity in the male patients only. In the male 
patients there was a negative association between GMV and childhood urbanicity. 
Higher levels of childhood trauma were significantly associated with reduced GMV in 
patients, both male and female.  Cannabis use was significantly associated with reduced 
GMV in male patients. The findings suggest that reduction of GMV in psychotic disorder 
may be the outcome of differential sensitivity to environmental risks, particularly in 
male patients. 
 
In Chapter 8 the main findings of the separate studies are discussed and integrated with 
one another. The clinical implications of this thesis and possible directions of future 
research are described. 
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In dit proefschrift werden omgevingsrisicofactoren voor psychotische stoornissen onder-
zocht. Hoewel er voldoende bewijs is dat opgroeien in een stedelijke omgeving, jeugd-
trauma en cannabis risicofactoren zijn voor het ontwikkelen van een psychotische stoor-
nis, zijn de onderliggende etiologische processen nog onvoldoende bekend. Of influenza 
infectie van de moeder tijdens de zwangerschap daadwerkelijk een risicofactor is voor 
psychotische stoornissen is nog niet duidelijk. In dit proefschrift werden verschillende 
onderzoekstechnieken gebruikt in een poging de relatie tussen de risicofactoren en psy-
chotische stoornissen te verhelderen, namelijk epidemiologische en ecologische metho-
den, en structurele beeldvorming van het brein. In de meeste studies werden niet alleen 
patiënten met een psychotische stoornis en gezonde controles geïncludeerd, maar ook 
gezonde broers en zussen van patiënten met een psychotische stoornis. 
 
In hoofdstuk 1 wordt een overzicht gegeven van de omgevingsrisicofactoren die in dit 
proefschrift werden bestudeerd, namelijk: influenza infectie van de moeder tijdens de 
zwangerschap, opgroeien in een stedelijke omgeving, jeugdtrauma en cannabis. Er 
wordt een samenvatting gegeven van voorgaand onderzoek dat de relatie tussen psy-
chotische stoornissen en deze risicofactoren beschrijft en van mogelijke onderliggende 
processen. Ook wordt er aandacht besteed aan structureel beeldvormend onderzoek 
van het brein in relatie tot psychotische stoornissen en bovengenoemde risicofactoren. 
 
Influenza infectie van de moeder tijdens zwangerschap als risicofactor voor psychotische 
stoornissen is het onderwerp van hoofdstuk 2. Eerdere studies naar deze risicofactor zijn 
het niet eens, wat maakt dat het tot nu toe onvoldoende duidelijk is of dit daadwerkelijk 
een risicofactor is voor het ontwikkelen van een psychotische stoornis. Er werd een me-
ta-analyse uitgevoerd om te onderzoeken of geboorte gedurende 9 maanden na de 
influenza pandemie van 1957 een risicofactor is voor schizofrenie. Drie typen studies 
werden onderscheiden. Type A studies zijn 8 ecologische studies die werden uitgevoerd 
in Europa, Amerika en Australië. In deze studies werd het risico op het ontwikkelen van 
schizofrenie in personen die werden geboren 9 maanden na de pandemie vergeleken 
met het risico in de jaren voorafgaand en volgend op de pandemie. Hoewel het in deze 
studies niet bekend is of de moeders daadwerkelijk een influenza infectie hebben door-
gemaakt, werden deze kinderen beschouwd als blootgesteld aan de risicofactor. Recent 
onderzoek laat zien dat gedurende een influenza pandemie 50% van de populatie geïn-
fecteerd raakt. Type B studies zijn 3 ecologische studies uit Japan. In Japan waren er twee 
golven van de influenza pandemie, daarom werden deze studies anders beschouwd dan 
type A studies. Tenslotte, waren er ook 2 studies die het risico op schizofrenie bij moe-
ders die rapporteerden influenza te hebben gehad vergeleken met moeders die rappor-
teerden geen influenza te hebben gehad, type C studies. De samengevoegde resultaten 
van de type A, B en C studies waren negatief: er was geen bewijs van een verhoogd risico 
op schizofrenie na blootstelling aan de influenza pandemie van 1957 in utero. Deze me-
ta-analyse levert onvoldoende bewijs voor de maternale influenza hypothese. 
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In hoofdstuk 3 werd onderzocht of gedragssensitisatie een mogelijk proces is dat de 
relatie tussen opgroeien in stedelijke omgeving en psychotische stoornissen kan verkla-
ren. Eerder onderzoek liet zien dat personen met een psychotische stoornis een toege-
nomen emotionele reactiviteit laten zien als reactie op dagelijkse stressoren vergeleken 
met personen zonder een psychotische stoornis. In hoofdstuk 3 werd gebruik gemaakt 
van de experience sampling method om stress-reactiviteit en de relatie met psychoti-
sche stoornis en opgroeien in de stad te onderzoeken. De studie populatie bestond uit 
patiënten met een psychotische stoornis, gezonde broers/zussen en gezonde controles. 
De resultaten bevestigden eerder onderzoek en lieten zien dat patiënten met een psy-
chotische stoornis meer negatieve emoties ervaarden na blootstelling aan subjectieve 
stress, onafhankelijk van stedelijkheid gedurende de jeugd. Tegengesteld aan onze 
verwachtingen was dat hogere stedelijkheid gedurende de jeugd was geassocieerd met 
een verminderde toename van negatieve emoties na blootstelling aan subjectieve 
stress in alle drie de groepen (patiënten, broers en zussen en controles). Deze resulta-
ten suggereren dat opgroeien in de stad leidt tot gewenning in plaats van sensitisatie, 
het is nog niet duidelijk of dit relevant is voor het ontwikkelen van een psychotische 
stoornis. 
 
In hoofdstuk 4 werden de risicofactoren opgroeien in stedelijke omgeving en jeugd-
trauma beiden onderzocht. De onderzoekspopulatie bestond uit patiënten met een 
psychotische stoornis en gezonde controles. Er werd getoetst of opgroeien in de stad de 
associatie tussen jeugdtrauma en psychotische stoornissen beïnvloedt en of opgroeien 
in de stad geassocieerd is met meer jeugdtrauma bij personen met een psychotische 
stoornis. Opgroeien in de stad leek de relatie tussen jeugdtrauma en psychotische 
stoornissen te beïnvloeden: het risico verhogende effect van jeugdtrauma was groter bij 
hogere stedelijkheid gedurende de jeugd. Ook lieten de resultaten zien dat personen 
die op latere leeftijd een psychotische stoornis ontwikkelen mogelijk meer worden 
blootgesteld aan jeugdtrauma wanneer ze opgroeien in een stedelijke omgeving. 
 
In hoofdstuk 5 werd gekeken naar prestaties in onderwijs in relatie tot psychotische 
stoornissen en of jeugdtrauma en opgroeien in de stad invloed hadden op deze relatie. 
In de gehele studiepopulatie hadden de deelnemers een hoger opleidingsniveau dan 
hun ouders. Dit verschil was significant kleiner bij de patiënten met een psychotische 
stoornis, de gezonde broers en zussen zaten qua uitkomst tussen de patiënten en de 
controles in. Hogere stedelijkheid gedurende de jeugd was geassocieerd met een ver-
minderd intergenerationeel verschil in opleidingsprestaties. Er was geen bewijs dat de 
associatie tussen intergenerationele opleidingsprestaties en stedelijkheid gedurende de 
jeugd verschilde voor patiënten, broers/zussen en controles. Jeugdtrauma leek interge-
nerationele opleidingsverschillen niet te beïnvloeden, ook niet in de drie groepen af-
zonderlijk. 
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In hoofdstuk 6 en 7 werd een multimodale benadering gebruikt: structurele beeldvor-
ming van het brein werd gecombineerd met epidemiologische data. In beide hoofdstuk-
ken werden ook geslachtsverschillen onderzocht, omdat structurele afwijkingen van het 
brein bij psychotische stoornissen groter lijken in de mannelijke populatie. Patiënten 
met een psychotische stoornis, gezonde broers/zussen en gezonde controles werden 
geïncludeerd in deze studies. In hoofdstuk 6 werd onderzocht of verschillende maten 
van blootstelling aan stedelijkheid gedurende de jeugd invloed had op de dikte van de 
cortex. Corticale dikte was significant minder in patiënten in vergelijking met controles, 
maar niet in broers/zussen in vergelijking met controles. Er waren geen aanwijzingen 
dat de negatieve associatie tussen psychotische stoornis en corticale dikte werd beïn-
vloed door stedelijkheid tijdens de jeugd. 
 
In hoofdstuk 7 werd gekeken naar het totaal volume van de grijze stof in relatie tot 
jeugdtrauma, stedelijkheid tijdens de jeugd en cannabis. Het volume van de grijze stof 
volume was significant lager in de patiënten in vergelijking met de controles, 
broers/zussen verschilden niet significant van de controles. In tegenstelling tot de resul-
taten van hoofdstuk 6, leek de associatie tussen psychotische stoornissen en grijze stof 
volume wel beïnvloed te worden door stedelijkheid tijdens de jeugd, maar alleen in de 
mannelijke patiënten. In de mannelijke patiënten was er sprake van een negatieve as-
sociatie tussen grijze stof volume en stedelijkheid tijdens de jeugd. Jeugdtrauma was 
geassocieerd met een sterkere reductie van grijze stof volume in de patiënten, zowel 
mannen als vrouwen. Cannabis was significant geassocieerd met afname van grijze stof 
volume in de mannelijke patiënten. Deze resultaten suggereren dat afname van het 
volume van de grijze stof in het kader van een psychotische stoornis het resultaat kan 
zijn van blootstelling aan omgevingsfactoren, vooral in mannelijke patiënten. 
 
In hoofdstuk 8 worden de hoofdbevindingen van de afzonderlijke studies besproken en 
geïntegreerd met elkaar. Klinische implicaties en mogelijke richtingen voor verder on-
derzoek worden benoemd. 
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In this thesis known environmental risk factors for psychotic disorder are discussed and 
an attempt is made to unravel how these environmental risk factors may lead to psy-
chotic disorder. Although these studies do not directly lead to different treatments or 
prevention plans for psychotic disorder they do have societal importance. The costs for 
mental health care have doubled over ten years’ time: from 2.91 billion in 2000 to 6.14 
billion in 2010 (1). Psychotic disorders are responsible for a reasonable part of this in-
crease in costs (1). In 2012 the government of the Netherlands started with severe 
retrenchments in mental health care, this lead to, among others, reduction of inpatient 
beds and reduction of caregivers working in mental health care. These measures force 
us to reorganize mental health care. We need to improve prevention, earlier interven-
tion and treatment plans enabling patient with a severe mental disorder to live, with 
good quality of life, in society. Treatment plans should be better tailored to the needs of 
the individual patient. These goals cannot be reached without better understanding of 
etiologic and pathologic processes.  

Better understanding of etiologic processes can give direction to development of 
new treatments. Current treatments are mainly focused on the reduction of positive 
psychotic symptoms, with varying rates of success. New treatment should not only 
focus on the reduction of hallucinations or delusions, but should also target skills that 
can be affected in psychotic disorder such as social or communication skills. In this the-
sis altered stress processing in psychotic disorder was observed, and this was also relat-
ed to urban environment during childhood. Stress processing could be a focus of treat-
ment which may not alter positive psychotic symptoms but could increase social func-
tioning and independency, enabling patients to find a meaningful daytime activity and 
participate in society, which will hopefully result in improvement of quality of life and 
less use of mental health care. 

Increasing knowledge of pathologic processes and environmental risk factors may 
help us to better identify persons with increased risk of developing psychotic disorder 
and to intervene in earlier stages. In this thesis we found that patients with psychotic 
disorder, and to a lesser extent their healthy siblings, had a smaller increase in educa-
tional level compared with their parents than healthy controls. Although these group 
differences cannot directly be used to identify groups at high risk, it does provide a 
general perspective in thinking about intergenerational processes in educational 
achievement in the context of risk for psychosis. More work is required to better under-
stand the dynamics between early social and cognitive alterations in those at risk in 
relation to progress through the educational system. Higher levels of childhood urbanic-
ity were also associated with decreased intergenerational difference in educational 
achievements. As more people are residing in urbanised areas (2), more work is re-
quired to understand the interaction between urban environment and educational 
outcomes including  school size, class size, level of individual educational support and 
class dynamics. If the negative association between urbanicity and educational 
achievements would be confirmed in future research, this could have implications for 
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Influenza is one of the most common infectious illnesses (3), affecting persons of all 
ages including women in their fertile period. The results of the meta-analysis included in 
this thesis are reassuring with respect to the risk of psychotic disorder after exposure to 
influenza in utero and do not suggest that any extra precautions should be taken be-
cause of risk of psychotic disorder. However, influenza during pregnancy is certainly not 
without risks, for example pregnant hospitalized women with influenza infection have 
increased rates of preterm birth and fetal/neonatal death are reported (4). Therefore, 
antiviral treatment or vaccination for pregnant women should be considered. 

In chapter 6 and 7 an advanced approach to assessing environmental risks factors 
was applied: structural neuroimaging data, objective phenotypes of psychotic disorder, 
were combined with a proxy variable for genetic risk for psychotic disorder (patients: 
highest genetic risk; siblings: intermediate genetic risk; controls: lowest genetic risk) and 
epidemiologic data. The findings suggest that structural alterations in psychotic disorder 
may be the outcome of differential sensitivity to environmental risks, particularly in 
male patients. This is important for future neuroimaging research in psychotic disorder, 
because it argues that environmental risk factors and gender cannot be left out of the 
analyses.  
  

reorganization of educational system in cities. Further, as our results suggest that indi-
viduals who later develop psychotic disorder could be more susceptible to exposure to 
childhood trauma when growing up in an urban environment, there should be more 
awareness for childhood trauma in areas of higher urbanicity, especially in families that 
could be considered vulnerable, for example because of genetic liability for psychotic 
disorder.  
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Beste Jim, eerlijk gezegd was het nooit in me opgekomen om te promoveren, totdat jij 
naar me toe kwam met “an offer I couldn’t refuse”. In alle avond- en weekenduurtjes 
heb ik me wel eens afgevraagd of ik je hiervoor nou dankbaar moest zijn of niet, maar 
nu ik met trots terug kan kijken op dit proefschrift, ben ik dat zeker. Hartelijk dank voor 
de fijne samenwerking! 
 
Beste Ritsaert, nadat ik was ingegaan op Jim zijn voorstel, kwam ik erachter dat ik bij-
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R en enzovoorts was ik “blind and deaf on the middle of a freeway”. Dank voor jullie 
geduld met een statibeet als ik. 
 
Beste Ed, het is ongelofelijk hoeveel data een enkele machine kan produceren. Je stond 
altijd voor me klaar om mijn vragen over MRI data te beantwoorden.  
 
Beste Truda, Ine, Jolanda, Trees en Ron. Jullie zijn de ruggengraat van de afdeling, be-
dankt voor alle ondersteuning! 
 
Alle andere lieve collega’s van de universiteit, vooral Christine, Sanne, Martine, Mayke 
en kamergenootje Catherine, bedankt voor de fijne lunches, praatjes, adviezen en uit-
stapjes! 
 
De leden van de beoordelingscommissie wil ik graag bedanken voor het lezen en beoor-
delen van dit proefschrift.  
 
Lieve Christine, je kaftontwerpen worden langzaamaan legendarisch. Dank je wel voor 
je behulpzaamheid, creativiteit en vooral het prachtige resultaat.  
 
Dear Lori, many thanks for guarding the appropriate use of the English language 
throughout this thesis, I solemnly apologize if there’s any “stone coal English” left. 
 
Jacomine, lieve vriendin en paranimf, veertien jaar geleden begon onze vriendschap in 
een studentenhuis op Kanaleneiland en zagen we samen op tegen de tentamens. Nu 
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zien we samen op tegen de verdediging, voor mij is het een enorme geruststelling dat jij 
aan mijn zijde staat! 
 
Lieve oma, dat je op deze leeftijd nog altijd even benieuwd bent naar hoe het met al 
mijn vrienden en vriendinnen gaat, vind ik heel bijzonder en laat zien hoe lief jij bent.  
Opa, jij was waarschijnlijk de enige van de familie geweest die dit proefschrift echt had 
bestudeerd en vervolgens allerlei kritische vragen had gesteld. Ik had het zo bijzonder 
gevonden als je er op de dag van de verdediging bij had kunnen zijn, ik mis je. 
 
Lieve Aleid, Menno en Kim, zo fijn om jullie dichtbij te hebben!  
Arkon, ik vraag me af waarom ik vroeger als klein meisje voortdurend bij mijn ouders 
om een broertje of een zusje zeurde, terwijl ik er al lang één had. 
Lieve schoonfamilie, Anna, Remco, Justus, Emma en Lieke, altijd even geïnteresseerd in 
mijn voortgang. 
 
Lieve pappa en mamma, zonder jullie was me dit nooit gelukt. Altijd hebben jullie mij 
geholpen en gesteund waar jullie konden, al stonden studie en prestaties nooit boven-
aan jullie lijstje van wat belangrijk is. Ik weet dat ik wat jullie betreft nog altijd kapper 
kan worden. Jullie zijn de liefste ouders! 
 
Lieve Kostan, jij kan mij grijze haren bezorgen door je woede die gericht is op niet wer-
kende apparaten of op Ajax, het gat dat je in je hand hebt als het eten betreft (30 euro 
voor 100g koffie?! En dan wat zeggen over mijn gezichtsreiniger) of je energie die on-
uitputtelijk lijkt te zijn. Soms lijkt het alsof ik drie kinderen heb in plaats van twee…  
Maar het zijn juist deze dingen die maken dat ik zo veel van je hou en altijd weer kan 
lachen. Jij hebt me zo vaak geholpen tijdens mijn promotietraject, soms met de inhoud, 
maar vaak juist door me af te leiden. Met je humor en vastberadenheid help je me 
overal doorheen en ga ik uitdagingen aan die ik anders voorbij had laten gaan.  
 
Nina en Max, als het soms niet mee zit en ik zie jullie lieve gezichtjes ben ik alles al weer 
vergeten, jullie zijn het belangrijkste wat er is. 
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