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10 chapter 1

how psychosis arises: from sub-clinical
psychotic experiences to psychotic disorder

Positive symptoms of psychotic disorder
The symptoms of schizophrenia and other psychotic disorders can be divided 
into different symptom groups: negative symptoms (e.g., lack of motivation, 
withdrawal from social life), cognitive alterations (e.g., diminished concentra-
tion, attention problems), an affective component (depressive or manic mood), 
and hallmark positive symptoms. Positive symptoms (i.e., delusions and hal-
lucinations) present themselves as a disordered sense of reality or reality test-
ing. Delusions are in the dsm iv defined as ‘a false belief based on incorrect 
inference about external reality that is firmly sustained despite what almost 
everyone else believes and despite what constitutes incontrovertible and obvi-
ous proof or evidence of the contrary’1. Hallucinations are defined as ‘a senso-
ry perception that has the compelling sense of reality of a true perception but 
occurs without the external stimulation of the relevant sensatory organ’1. By 
definition thus, delusions refer to false ideas or beliefs and hallucinations 
refer to false perceptual experiences.

Although research has shown that psychosis and schizophrenia have a 
prevalence in the population of 0.4 to 0.6% (depending on the use of the ‘nar-
row’ versus ‘broad’ definition)2, research has consistently shown that around 
7% of the general population reports subclinical psychotic experiences (here-
after: psychotic experiences)3 of which the vast majority will never transgress 
to clinical psychosis4. Several risk factors for transition to clinical disorder have 
been identified such as severity, number, and persistence of these experiences4, 
co-occurring negative and disorganized symptoms 5, 6, affective dysregulation7, 8 
and familial liability to psychosis9-11. However, the exact mechanism causing 
subclinical symptoms to transgress into clinical disorder in some but not oth-
ers, remains to be elucidated.

Numerous theories have proposed mechanisms via which this transgression 
could occur. Most of these imply different roles for hallucinations and delu-
sions in the prodromal phase of the illness and give ‘symptom-based’ accounts 
of how psychotic disorder develops.

Reasoning deficit theories
The earliest explanatory models of delusions focused on delusionary ideas result-
ing from reasoning bias. These theories are dating back to the 19th century when 
Kraepelin theorized that emotional disturbances in the patient lead to problems 

in logical reasoning. These reasoning deficits in turn would lead to errors in 
drawing conclusions and result in delusions12. Bleuler described this process as 
‘when we are angry with someone, we see only his faults, or at least magnify 
them… When the faculty of logical reasoning is weakened, the influence of the 
affects increases in strength… This distortion can eventually reach the propor-
tion of delusional ideas.’13 This notion was also supported by Bandura, who addi-
tionally stated that even in the face of evidence proving that the ideas were 
wrong, the delusional convictions would still hold14. These theories imply that 
delusions are a product of syllogistic reasoning problems fueled by emotional 
processes. Research has shown that problems with information processing as 
described above play a role in the process of delusion formation 15-17 (for a 
review see 18). 

Theories of aberrant salience or anomalous perceptual experiences
Breaking with the traditional views of psychosis as a disorder of reasoning defi-
cits is the theory of anomalous perceptual experiences proposed by Brendan 
Maher19. As research showing that perceptual alterations occur in the early 
stages of schizophrenia began to emerge20-22, Maher argued that these alterations 
play a crucial role in the onset of the illness. The theory proposed by Maher 
differed from the ‘reasoning deficit accounts’ on two important points. Firstly, 
Maher stated that it was perceptual changes rather than problems in reason-
ing which formed the starting point of psychosis. Additionally, according to 
Maher, delusions were not the result of a flawed reasoning process, but were 
logically sound explanations for distressing perceptual changes19, 23.

According to Maher, the early phase of psychosis is marked by an increased 
state of awareness in which normally irrelevant stimuli become extremely rel-
evant and significant. As everything appears to be important, and it becomes 
difficult to distinguish ‘ground’ from ‘figure’, these experiences lead to a sense 
that ‘the world is changed or different’. This change in state of awareness may 
lead to anomalous perceptual experiences23. These experiences include, but 
are not limited to, the commonly used definition of hallucinations of seeing, 
hearing, smelling, tasting or feeling things without the presence of an external 
stimulus. Other forms of anomalous perceptual experiences include feelings 
of increased perception, assigning salience to otherwise non-salient stimuli, 
perceiving ones actions as unintentional (e.g., involuntary movements of limbs), 
ideas of thought broadcasting and linking events that would otherwise be per-
ceived as unconnected. 

According to theory, these perceptual anomalies can become increasingly 
significant under the influence of two factors. Firstly, others do not share the 
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change in perception, causing confusion and distress in the person who is 
experiencing them. Secondly, as intensity and frequency of these experiences 
increases, distress will increase as well. With this state of discomfort, an expla-
nation for the perceptual changes is warranted, or in the words of Maher: 
‘Strange events, felt to be significant, demand explanation’19. 

This search for an explanation follows the lines of logical reasoning19, asking 
questions regarding the source of these experiences, and why these are not shared 
by others (‘Why am I the only one who has this experience?’). These questions 
may lead to answers referring to invisible (e.g., radio waves, electric radiation) 
or disguised sources (e.g., neighbors being disguised secret agents), giving way 
to paranoid delusions19, 23. Maher emphasizes that in this phase the individual’s 
social context plays an important role. On example would be delusions of a 
religious nature (‘I am possessed by the devil.’), which are more likely to occur 
in individuals with a religious background than in those without. In this view, 
delusion formation is not a consequence of thought disorder, but can be viewed 
as normal conclusions about abnormal experiences. Since the experiences are 
abnormal, the explanation found for these experiences will be also abnormal. 

Shitij Kapur expanded Maher’s theory by combining it with the theory of 
dopamine dysregulation in psychosis 24. This theory was formulated in the 1960’s 
and states that psychotic symptoms are the result of overactive dopamine re -
lease 25. It was shown by Laruelle and Abi-Dargham that schizophrenia patients 
react with increased dopamine release to an amphetamine challenge when 
compared to healthy controls 26. This finding of dopaminergic dysregulation 
in patients has been thoroughly replicated (for a review of the evidence see 27) 
and has also been found in subjects at risk for psychosis 28. Furthermore, 
increased levels of dopamine in response to amphetamine were found to be 
related to the occurrence of psychotic symptoms and also appear in antipsychot-
ic medication-naïve patients, indicating that this increase in dopamine release 
is not merely the result of antipsychotic treatment26. Building on this work, 
Kapur proposes that such dopamine dysregulation leads to aberrant assign-
ment of salience to unimportant stimuli, thereby providing the starting point 
for the psychotic cascade24. The process of salience attribution is the process 
in which stimuli or cues are weighted and decisions are made about the pref-
erable response to them. This process leads to direct behavioural outcomes 
(e.g. either approach or avoid the stimulus), and could be described as the 
process that drives behaviour. Dopamine is considered the key-mediating fac-
tor in this attribution process. Kapur proposes that dopamine release in psy-
chosis can occur even without the presence of an external stimulus. When 
dopamine is released in absence of any relevant cue or context, this leads to 

the experience of salience without stimulus, hence the term ‘aberrant salience’. 
This in turn brings about the sense of a subtly changed and quite puzzling 
world24. Hallucinations in this theory can be viewed as direct internal representa-
tions of aberrant salience; that is, the changes in perception can represent 
themselves as hallucinations. In line with Maher’s theory, Kapur claims that 
the state of aberrant salience brings about a sense of bewilderment, and a war-
rant for explanations24, 29. Again, given the strange nature of these experiences 
of aberrant salience the explanations given for them are likely to have a delu-
sional content. 

Evidence for theories of aberrant salience or anomalous perceptual  
experiences 
Although widely accepted as the leading theory of psychotic disorder, the key 
assumption that hallucinations lead to delusions, thus implying a temporal 
relation between the two, has rarely been studied in a direct way. Krabbendam 
and colleagues investigated in a 3-year follow-up general population study 
whether there is an association between hallucinations, delusions and out-
come. This study found that when individuals with baseline hallucinations 
developed delusions during the follow up period, the risk of clinical psychosis 
increased as compared to individuals with hallucinations who did not develop 
delusions 30. In the same sample, Hanssen and colleagues found that for the 
group with hallucinations at baseline, the level of distress evoked by these 
experiences was predictive for secondary delusions at follow-up31. These find-
ings indicate that hallucinations, in combination with distress, may lead to 
delusion formation. Another study, focusing on patients with first episode 
psychosis, investigated whether the sequence in which symptoms first occurred 
is of influence on illness severity. Four groups were distinguished: one in which 
delusions emerged at least one month after the first occurrence of hallucinatory 
experiences, one in which hallucinations began at least one month after the 
occurrence of delusions, a third group with individuals who only experienced 
delusions and the final group in which delusions and hallucinations emerged 
at the same time. Findings showed that the group with delusions occurring 
after hallucinations showed increased severity of delusionary symptoms as 
compared to the other groups. Furthermore, this study found that in first epi-
sode psychosis, having only hallucinations is rare, indicating that hallucina-
tions might remain subclinical and are only likely to become clinically relevant 
when combined with delusions32. A different approach was taken by Oorschot 
and colleagues who studied the temporal dynamics between hallucinations 
and delusions in the daily life of patients with psychotic disorder33. Findings 
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from this study suggest that those patients with hallucinations reported high-
er intensity of delusions than those without hallucinations, indicating that hal-
lucinations deepen the delusional state33. Applying a virtual reality experimen-
tal approach, Freeman and colleagues examined which factors were predictive 
of paranoia and anxiety 34. As paranoia and social anxiety both contain elements 
of fear and difficulties in the interpretation of social situations, this study 
aimed to investigate which factors distinguished proneness to paranoia or social 
anxiety in a general population sample. All participants were screened for gen-
eral psychological and emotional problems, intelligence, cognitive schemas and 
flexibility, jumping to conclusions, social life, substance use, and hallucina-
tion proneness. After completing these questionnaires, individuals were ex -
posed to a neutral virtual reality experiment consisting of a subway ride, at the 
end of which scales assessing state paranoia and social anxiety were completed. 
Results showed that paranoia and anxiety were influenced by the same factors, 
with one exception: hallucination proneness predicted paranoid, but not socially 
anxious reactions to the virtual tube ride 34. This finding indicates that halluci-
natory experiences may be a key causal factor in paranoid delusion formation. 

The studies discussed above provide some evidence for the hypothesis that 
delusions follow hallucinations and implicate that the combination of both symp-
 toms leads to a deepening of the psychotic state. However, since symptom- 
based accounts have such a prominent role in current models of psychosis, 
more research on the exact nature of this relation is needed. The theoretical 
background provided above has focused on the mechanisms behind psy  chosis 
onset, but has not looked at what causes these mechanisms to become active. 
As Kapur phrased it in earlier work: ‘It [the dopaminergic theory] does not try 
to explain why schizophrenia happens, only how the symptoms of psychosis 
arise... ’24. Psychosis does not exist without context, and many integrative 
models have incorporated risk factors in their framework18, 35-37. Two risk fac-
tors (hearing impairment and childhood adversity) that are closely tied to the 
theories described above will be discussed below.

Risk factors for psychosis: hearing impairment and childhood adversities
Hearing impairment and psychosis
One interesting phenomenon is the effect of changes in sensory input on psy-
chotic experiences, since the theoretical framework as outlined above takes 
perceptual distortions as a starting point of the psychotic cascade. An approach 
to investigate this is by assessing the effect of sensory deprivation in an exper-
imental setting. In these experiments healthy participants are deprived of  
sensory input (i.e. wearing dark glasses, wearing gloves and being placed in 

soundproof rooms) for a certain amount of time during which self-reports of 
their experiences are being recorded 38, 39. Although relatively understudied, 
there is proof for the occurrence of visual, auditory and tactile hallucina-
tion-like experiences in participants after longer (multiple days), but also after 
shorter (15 minutes) periods of sensory deprivation40-43. Moreover, evidence 
points out that the experience of hallucination-like phenomena under these 
conditions is related to self-reported hallucination proneness in daily life40. 
Furthermore, some anecdotic evidence suggests that changes in sensory input 
by means of sensory deprivation lead to delusion ideation. Scott and col-
leagues reported that several participants started showing paranoid thoughts; 
they were convinced that ‘injustice’ was done to them by the researchers dur-
ing sensory deprivation44. For example, one participant in this study, who was 
presented carrots instead of the celery mentioned on the menu, explained this 
mix up as a way in which the experimenter was communicating to him44. 
These results together underline the notion that changes in perceptual input 
may lead to hallucinatory experiences, and arguably to delusional ideation.

In addition to the above-described experimental studies with limited eco-
logical validity, a risk factor reflecting changes in sensory input that can be 
investigated in natural settings is hearing impairment. Since hearing loss or 
deafness implies changes in perceptual experiences, this phenomenon allows 
for examination of how perceptual changes may lead to delusion formation. 
Maher uses hearing loss in elderly to illustrate his theory19, which describes 
that as the volume of auditory input diminishes, it becomes difficult to hear 
what others are saying and it may appear as if others are whispering. As whis-
pering is often associated with secrecy or concealing information from others, 
the experience that others appear to be whispering might lead to feelings of 
unease. These feelings, combined with the notion that the behavior of others 
suddenly changed (whispering), may drive the need for a (paranoid) explana-
tion45. A 1993 review of 27 articles on the relationship between sensory impair-
ment and late onset psychosis in the aging population showed an association 
between these two factors in the majority of studies46. More recent literature 
suggests that hearing impairment is strongly associated with psychosis in 
young populations as well, indicating that the link between hearing impair-
ment and psychosis is not limited to late onset psychosis47. 

Childhood adversity and psychosis
Another risk factor of interest in the light of theories discussed above is child-
hood adversity. Childhood adversity is proposed to influence several mecha-
nisms in psychosis onset, as it has been suggested to play a role in dopamine 
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dysregulation, the interpretation of anomalous perceptual experiences and the 
explanatory process following these experiences. The exact nature of these 
relations is explained in more detail below.

There is evidence that childhood adversity affects the biological substrate 
of psychosis as the experience of psychological stress is related to changes in 
dopamine regulation (for reviews see37, 48-50). Additionally, it has been suggested 
that the nature of hallucinations following trauma resembles that of intrusions 
or re-experiences of uncontrollable trauma-related memories and thoughts 51, 52. 
Hypothetically different in psychosis, is that these intrusions are viewed as 
resulting from an external source, leading to experiences of externally gener-
ated sensations and thereby giving rise to hallucinatory experiences53. Further-
more, being subjected to childhood adversity is likely to cause a modus oper-
andi of constant monitoring of possible threats, which causes an overemphasis 
on danger. This increased threat perception may lead to the interpretation of 
ambiguous internal or external events in a hostile or threatening way53, 54, 
thereby fueling paranoid ideas18, 55. 

Childhood trauma is, from a theoretical viewpoint a good candidate risk 
factor for psychosis. However, the existence of an association between child-
hood adversity and psychosis has been topic of debate. Although many studies 
have been published on the subject, narrative reviews of the literature show 
inconsistent results 56-58. Furthermore, several authors propose that the associ-
ation between psychosis and childhood adversities might be obscured by sev-
eral factors, such as reverse causality (i.e. psychosis-proneness increasing the 
risk of being exposed to adversities), recall bias in patients (i.e. patients over- 
reporting trauma exposure during childhood), gender and cannabis use 59, 60. 

outline and aims of this thesis

The first section of this thesis will focus on the relationship between halluci-
nations and delusions in the early phases of psychosis by examining state-
ments derived from the leading theories of Maher and Kapur as discussed 
above19, 24, 37. The second part of the thesis will investigate the influence of hear-
ing impairment and childhood adversity on psychosis.

1 – Clustering of hallucinations and delusions, and their temporal relation. 
Several implications on the relationship between hallucinations and delusions 
can be derived from the theories of Maher19 and Kapur24 which are under 

investigation in chapter 2 and 3. The first hypothesis is that if hallucinations 
give rise to delusional ideation, both symptoms are expected to co-occur 
together more often than would be predicted by chance. If clustering of hallu-
cinations and delusions exceeds the chance level this would indicate that the 
co-occurrence of both symptoms is not ‘natural’ but rather that they are asso-
ciated with each other. The second statement regarding the temporal onset of 
symptoms (i.e., delusions are formed after the onset of hallucinations) is more 
difficult to examine. An indirect hypothesis following from this temporal rela-
tion is that delusionary content (i.e., type of delusion) would differ as a function 
of presence or absence of hallucinations, whereas modality of the hallucination 
would not vary as a function of absence or presence of delusions. If delusionary 
content differs as a function of hallucinations, this would be indirect evidence 
for delusions ‘following’ hallucinations. These two hypotheses are investigat-
ed in general population samples in chapter 2 and 3. Chapter 2 is based on the 
Early Developmental Stages of Psychopathology (edsp) study, a prospective, 
10-year follow-up of a representative cohort of adolescents and young adults in 
Germany. Chapter 3 contains data from the Netherlands Mental Health and 
Incidence Study (nemesis-1), a longitudinal study of mental disorders (n = 
7075) with three measurements over a 3-year period (n =5524) and a represent-
ative cohort of Dutch adults. 

2 – The co-occurrence of hallucinations and delusions and associations with 
previously identified transition-related parameters and environmental risk factors.
In Chapters 2 and 3 the relation between co-occurring hallucinations and 
delusions and different risk- and outcome factors is studied. If the process by 
which hallucinations and delusions combine is indeed a crucial phase in the 
onset of psychosis, the co-occurrence of both hallucinations and delusions is 
expected to show a stronger association with risk and outcome factors than the 
occurrence of isolated symptoms (i.e., only delusions or only hallucinations). 
To this end, the co-occurrence of hallucinations and delusions was investi-
gated in the light of previously identified parameters predicting transition to 
clinical outcome, such as severity, number, and persistence of psychotic expe-
riences4, co-occurring negative and disorganized symptoms 5, 6 and affective 
dysregulation7, 8 as well as clinical outcome of psychotic disorder. Additionally, 
the association between hallucinations and delusions and risk factors for psy-
chosis (cannabis use61,62, urbanicity63, 64, parental psychopathology 65, 66, child-
hood adversities56) is investigated in chapters 2, 3 and 4. 
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3 – The co-occurrence of hallucinations and delusions in relation to familial risk 
to psychosis. 
In contrast to chapters 2 and 3, which use general population samples to 
investigate the co-occurrence of hallucinations and delusions, in Chapter 4 the 
clustering of hallucinations and delusions is investigated in a genetically sen-
sitive sample. Based on the premise that hallucinations and delusions in the 
general population co-occur more often than predicted by chance, the cluster-
ing of hallucinations and delusions is investigated in a sample with increased 
familial liability to psychosis. Following previous research that has shown that 
first-degree relatives of patients are at increased risk of psychotic experiences 
as compared to healthy controls 67, 68, chapter 4 investigates the hypothesis that 
first-degree family members show increased clustering of hallucinations and 
delusions as compared to healthy controls. To this end, data from the Genetic 
Risk and Outcome of Psychosis study (group)69 are used, which includes par-
ents and healthy siblings of patients and healthy controls.

4 – Examining the existing evidence for an association between hearing  
impairment and psychosis in a systematic way.
Chapter 5 investigates the association between hearing impairment and psy-
chosis. As described above, hearing impairment is, from a theoretical ground, 
a candidate risk factor for psychosis. Empirical evidence however, is inconclu-
sive about the proposed link between hearing impairment and psychosis risk in 
the general population, with some studies reporting a significant association47, 

70-74, and others reporting no association75-77. As hearing impairment is gaining 
popularity in psychosis research it is important that the current evidence for 
this association is examined. The meta-analysis presented in chapter 5 investi-
gates the available empirical evidence for the association between hearing 
impairment and psychosis. The use of a meta-analytic method is well suited to 
investigate evidence as it provides a structured investigation and analysis of 
the available data. Furthermore, meta-analysis is not only a structured way of 
summarizing data, but might also form a starting point for the generation of 
new hypotheses and research designs. 

5 – Examining the existing evidence for an association between childhood  
adversities and psychosis in a systematic way.
Chapter 6 focuses on childhood adversity and its relation to psychosis. As 
described above, this association has been topic of scientific debate and al  though 
it has been investigated in an uncountable number of studies, results remain 
inconclusive. Therefore, synthesis of the available evidence is necessary in 

order to shed more light on the association between childhood adversity and 
psychosis. To this end, a meta-analysis combining data from general popula-
tion cohorts, patient-control studies and cross-sectional studies that examine 
the association between childhood trauma and psychosis is conducted. In 
order to investigate possible confounding of the effect by reverse causality or 
recall bias in patients59, 60, prospective as well as retrospective and cross-sec-
tional studies were included. Furthermore, the assumption that different types 
of trauma exposure have differential effects on psychosis outcome78, 79 is inves-
tigated by examining the evidence for the influence of different subtypes of 
trauma (sexual abuse, physical abuse, emotional/psychological abuse, neglect, 
parental death, and bullying) on psychosis.

18 chapter 1 introduction 19



References

1 apa. Diagnostic and statistical manual of 

mental disorders (4th ed., text rev.). Washing-

ton dc American Psychiatric Association; 

2000.

2 Saha S, Chant D, Welham J, McGrath J. 

A systematic review of the prevalence of 

schizophrenia. PLoS Med May 

2005;2(5):e141.

3 Linscott RJ, van Os J. An updated and 

conservative systematic review and 

meta-analysis of epidemiological evidence 

on psychotic experiences in children and 

adults: on the pathway from proneness to 

persistence to dimensional expression 

across mental disorders. Psychol Med Jul 31 

2012:1-17.

4 Kaymaz N, Drukker M, Lieb R, Wittchen 

HU, Werbeloff N, Weiser M, Lataster T, van 

Os J. Do subthreshold psychotic experienc-

es predict clinical outcomes in unselected 

non-help-seeking population-based sam-

ples? A systematic review and meta-analy-

sis, enriched with new results. Psychol Med 

Jan 20 2012:1-15.

5 Dominguez MD, Saka MC, Lieb R, Wit-

tchen HU, van Os J. Early expression of 

negative/disorganized symptoms predict-

ing psychotic experiences and subsequent 

clinical psychosis: a 10-year study. Am J Psy-

chiatry Sep 2010;167(9):1075-1082.

6 Binbay T, Drukker M, Elbi H, et al. Test-

ing the psychosis continuum: differential 

impact of genetic and nongenetic risk fac-

tors and comorbid psychopathology across 

the entire spectrum of psychosis. Schizophr 

Bull Sep 2012;38(5):992-1002.

7 van Rossum I, Dominguez MD, Lieb R, 

Wittchen HU, van Os J. Affective Dysregu-

lation and Reality Distortion: A 10-Year  

Prospective Study of Their Association and 

Clinical Relevance. Schizophr Bull Sep 30 

2009.

8 Krabbendam L, Myin-Germeys I, Hans-

sen M, de Graaf R, Vollebergh W, Bak M, 

van Os J. Development of depressed mood 

predicts onset of psychotic disorder in indi-

viduals who report hallucinatory experienc-

es. Br J Clin Psychol Mar 2005;44(Pt 1):113-

125.

9 Cardno AG, Gottesman, II. Twin studies 

of schizophrenia: from bow-and-arrow  

concordances to star wars Mx and function-

al genomics. Am J Med Genet Spring 

2000;97(1):12-17.

10 Gottesman I. Schizophrenia genes:  

the origins of madness. New York: W. H. 

Freeman; 1991.

11 Sullivan PF, Kendler KS, Neale MC. 

Schizophrenia as a complex trait: evidence 

from a meta-analysis of twin studies. Arch 

Gen Psychiatry Dec 2003;60(12):1187-1192.

12 Kraepelin E. Psychiatrie. Leipzig: Abel; 

1889.

13 Bleuler E. Dementia Praecox: Or the 

Group of Schizophrenias. New York: Interna-

tional Universities Press; 1950.

14 Bandura A. A social learning interpreta-

tion of psychological dysfunctions. In P. London 

and D. Rosenhahn (eds.), Foundations of 

Abnormal Psychology. New York: Holt, Rine-

hart & Winston.; 1968.

15 Van Dael F, Versmissen D, Janssen I, 

Myin-Germeys I, van Os J, Krabbendam L. 

Data gathering: biased in psychosis? Schiz-

ophr Bull Apr 2006;32(2):341-351.

16 Freeman D, Pugh K, Garety P. Jumping 

to conclusions and paranoid ideation in the 

general population. Schizophr Res Jul 

2008;102(1-3):254-260.

17 Garety PA, Freeman D, Jolley S, Dunn 

G, Bebbington PE, Fowler DG, Kuipers E, 

Dudley R. Reasoning, emotions, and delu-

sional conviction in psychosis. J Abnorm 

Psychol Aug 2005;114(3):373-384.

18 Freeman D. Suspicious minds: the  

psychology of persecutory delusions.  

Clin Psychol Rev 2007;27(4):425-457.

19 Maher BA. Delusional thinking and 

perceptual disorder. J Individ Psychol May 

1974;30(1):98-113.

20 Arieti S. Interpretation of Schizophrenia. 

New York: Brunner; 1955.

21 Venables PH. Input dysfunction in 

schizophrenia In: Maher BA, ed. Progress  

in Experimental Personality Research, Vol. I. 

New York: Academic Press; 1964 

22 McGhie A, Chapman, J. Disorders  

of attention and perception in early  

schizophrenia. British Journal of Medical 

Psychology 1961;24:103-116.

23 Maher BA. The relationship between 

delusions and hallucinations. Curr Psychia-

try Rep Jun 2006;8(3):179-183.

24 Kapur S. Psychosis as a state of aber-

rant salience: a framework linking biology, 

phenomenology, and pharmacology in 

schizophrenia. Am J Psychiatry Jan 

2003;160(1):13-23.

25 Carlsson A, Lindqvist M. Effect of 

Chlorpromazine or Haloperidol on Forma-

tion of 3methoxytyramine and Normeta-

nephrine in Mouse Brain. Acta Pharmacol 

Toxicol (Copenh) 1963;20:140-144.

26 Laruelle M, Abi-Dargham A. Dopamine 

as the wind of the psychotic fire: new  

evidence from brain imaging studies. J  

Psychopharmacol Dec 1999;13(4):358-371.

27 Howes OD, Kambeitz J, Kim E, Stahl D, 

Slifstein M, Abi-Dargham A, Kapur S. The 

nature of dopamine dysfunction in schizo-

phrenia and what this means for treatment. 

Arch Gen Psychiatry Aug 2012;69(8):776-

786.

28 Stone JM, Howes OD, Egerton A, et al. 

Altered relationship between hippocampal 

glutamate levels and striatal dopamine 

function in subjects at ultra high risk of 

psychosis. Biol Psychiatry Oct 1 

2010;68(7):599-602.

29 Maher BA. Anomalous experience and 

delusional thinking: the logic of explana-

tions. In: Oltmanns TF Maher BA e, ed. 

Delusional Beliefs.. New York: Wiley; 

1988:15-33.

30 Krabbendam L, Myin-Germeys I, Hans-

sen M, Bijl RV, de Graaf R, Vollebergh W, 

Bak M, van Os J. Hallucinatory experiences 

and onset of psychotic disorder: evidence 

that the risk is mediated by delusion forma-

tion. Acta Psychiatr Scand Oct 

2004;110(4):264-272.

31 Hanssen M, Krabbendam L, de Graaf R, 

Vollebergh W, van Os J. Role of distress in 

delusion formation. Br J Psychiatry Suppl 

Aug 2005;48:s55-58.

32 Compton MT, Potts AA, Wan CR, Iones-

cu DF. Which came first, delusions or hal-

lucinations? An exploration of clinical dif-

ferences among patients with first-episode 

psychosis based on patterns of emergence 

of positive symptoms. Psychiatry Res Dec 

30 2012;200(2-3):702-707.

33 Oorschot M, Lataster T, Thewissen V, 

Bentall R, Delespaul P, Myin-Germeys I. 

20 chapter 1 introduction 21



Temporal dynamics of visual and auditory 

hallucinations in psychosis. Schizophr Res 

Sep 2012;140(1-3):77-82.

34 Freeman D, Gittins M, Pugh K, Antley 

A, Slater M, Dunn G. What makes one per-

son paranoid and another person anxious? 

The differential prediction of social anxiety 

and persecutory ideation in an experimen-

tal situation. Psychol Med Aug 

2008;38(8):1121-1132.

35 Garety PA, Kuipers E, Fowler D, Free-

man D, Bebbington PE. A cognitive model 

of the positive symptoms of psychosis.  

Psychol Med Feb 2001;31(2):189-195.

36 Morrison AP. The interpretation of 

intrusions in psychosis: an integrative  

cognitive approach to hallucinations and 

delusions. Behavioural and Cognitive  

Psychotherapy 2001;29:257-276.

37 Howes OD, Kapur S. The dopamine 

hypothesis of schizophrenia: version III-

the final common pathway. Schizophr Bull 

May 2009;35(3):549-562.

38 Bexton WH, Heron W, Scott RH. 

Effects of decreased variation in the senso-

ry environment. Can J Psychol Jun 

1954;8(2):70-76.

39 Heron W. Cognitive and physiological 

effects of perceptual isolation. In: Solomon 

P, Kubzansky, P.E., Liederman, P.H., Men-

delson, J.H., Trumbull, R., Wexler, D., ed. 

Sensory deprivation: a symposium held at 

Harvard Medical School. Cambridge:  

Harvard University Press; 1965:6-33.

40 Mason OJ, Brady F. The Psychotomi-

metic Effects of Short-term Sensory  

Deprivation. Journal of Nervous and Mental 

Disease Oct 2009;197(10):783-785.

41 Vosburg R FN, Gruehl J. Imagery 

Sequence in sensory deprivation. Arch Gen 

Psychiatry 1960;2:356-357.

42 Leff J. Perceptual phenomena and per-

sonality in sensory deprivation. Br J Psychi-

atry 1968;114:1499-1508.

43 Lloyd DM, Lewis, E., Payne, J., Wilson, 

L. A qualitative analysis of sensory phe-

nomena induced by perceptual deprivation. 

Phenom Cogn Sci 2012;11:95-112.

44 Scott TH, Bexton, W. H., Heron, W., 

and Drake, B. K. Cognitive effects of per-

ceptual isolation. Canad J Psychol 

1952;13:200-209.

45 Maher BA. Delusional thinking and 

cognitive disorder. Integrative Physiological 

& Behavioral Science 2005;40(3):136-146.

46 Prager S, Jeste DV. Sensory impair-

ment in late-life schizophrenia. Schizophr 

Bull 1993;19(4):755-772.

47 van der Werf M, van Boxtel M, Verhey 

F, Jolles J, Thewissen V, van Os J. Mild 

hearing impairment and psychotic experi-

ences in a normal aging population.  

Schizophr Res Aug 2007;94(1-3):180-186.

48 Tost H, Alam T, Meyer-Lindenberg A. 

Dopamine and psychosis: theory, patho-

mechanisms and intermediate phenotypes. 

Neurosci Biobehav Rev Apr 2010;34(5):689-

700.

49 Hirvonen J, Hietala J. Dysfunctional 

brain networks and genetic risk for schizo-

phrenia: specific neurotransmitter systems. 

CNS Neurosci Ther Apr 2011;17(2):89-96.

50 van Winkel R, Stefanis NC, Myin-Ger-

meys I. Psychosocial stress and psychosis. 

A review of the neurobiological mecha-

nisms and the evidence for gene-stress 

interaction. Schizophr Bull Nov 2008; 

34(6):1095-1105.

51 Scott JG, Nurcombe B, Sheridan J, 

McFarland M. Hallucinations in adoles-

cents with post-traumatic stress disorder 

and psychotic disorder. Australas Psychiatry 

Feb 2007;15(1):44-48.

52 Hardy A, Fowler D, Freeman D, et al. 

Trauma and hallucinatory experience in 

psychosis. J Nerv Ment Dis Aug 

2005;193(8):501-507.

53 Read J, Bentall RP, Fosse R. Time to 

abandon the bio-bio-bio model of psycho-

sis: Exploring the epigenetic and psycho-

logical mechanisms by which adverse life 

events lead to psychotic symptoms. Epide-

miol Psichiatr Soc Oct-Dec 2009;18(4):  

299-310.

54 Bentall R. Doctoring the Mind: Why  

Psychiatric Treatments are Often Ineffective. 

London: Penguin; 2009.

55 Fowler D, Freeman D, Smith B, et al. 

The Brief Core Schema Scales (BCSS):  

psychometric properties and associations 

with paranoia and grandiosity in non-clini-

cal and psychosis samples. Psychol Med Jun 

2006;36(6):749-759.

56 Bendall S, Jackson HJ, Hulbert CA, 

McGorry PD. Childhood trauma and psy-

chotic disorders: a systematic, critical 

review of the evidence. Schizophr Bull May 

2008;34(3):568-579.

57 Read J, van Os, J., Morrison, A.P. & 

Ross, C.A. Childhood trauma, psychosis 

and schizophrenia: a literature review with 

theoretical and clinical implications. Acta 

Psychiatr Scandinavia 2005;112:330-350.

58 Morgan C, Fisher H. Environment and 

schizophrenia: environmental factors in 

schizophrenia: childhood trauma – a criti-

cal review. Schizophr Bull Jan 2007;33(1):3-10.

59 Susser E, Widom CS. Still searching for 

lost truths about the bitter sorrows of child-

hood. Schizophr Bull Jun 2012;38(4):672-

675.

60 Sideli L, Mule A, La Barbera D, Murray 

RM. Do child abuse and maltreatment 

increase risk of schizophrenia? Psychiatry 

Investig Jun 2012;9(2):87-99.

61 Arseneault L, Cannon M, Witton J, 

Murray RM. Causal association between 

cannabis and psychosis: examination of the 

evidence. Br J Psychiatry Feb 2004;184:110-

117.

62 Henquet C, Murray R, Linszen D, van 

Os J. The environment and schizophrenia: 

the role of cannabis use. Schizophr Bull Jul 

2005;31(3):608-612.

63 Krabbendam L, van Os J. Schizophre-

nia and urbanicity: a major environmental 

influence--conditional on genetic risk. 

Schizophr Bull Oct 2005;31(4):795-799.

64 Vassos E, Pedersen CB, Murray RM, 

Collier DA, Lewis CM. Meta-analysis of the 

association of urbanicity with schizophre-

nia. Schizophr Bull Nov 2012;38(6):1118-1123.

65 Bijl RV, Cuijpers P, Smit F. Psychiatric 

disorders in adult children of parents with 

a history of psychopathology. Soc Psychiatry 

Psychiatr Epidemiol Jan 2002;37(1):7-12.

66 Keshavan M, Montrose DM, Rajarethi-

nam R, Diwadkar V, Prasad K, Sweeney JA. 

Psychopathology among offspring of par-

ents with schizophrenia: relationship to 

premorbid impairments. Schizophr Res 

Aug 2008;103(1-3):114-120.

67 Kendler KS, McGuire M, Gruenberg 

AM, Walsh D. Schizotypal symptoms and 

signs in the Roscommon Family Study. Their 

factor structure and familial relationship 

22 chapter 1 introduction 23



with psychotic and affective disorders. Arch 

Gen Psychiatry Apr 1995;52(4):296-303.

68 Fanous A, Gardner C, Walsh D, Kend-

ler KS. Relationship between positive and 

negative symptoms of schizophrenia and 

schizotypal symptoms in nonpsychotic  

relatives. Arch Gen Psychiatry Jul 2001; 

58(7):669-673.

69 Korver N, Quee PJ, Boos HB, Simons 

CJ, de Haan L. Genetic Risk and Outcome 

of Psychosis (GROUP), a multi-site longi-

tudinal cohort study focused on gene-envi-

ronment interaction: objectives, sample 

characteristics, recruitment and assess-

ment methods. Int J Methods Psychiatr Res 

Sep 2012;21(3):205-221.

70 Henderson AS, Korten AE, Levings C, 

Jorm AF, Christensen H, Jacomb PA, 

Rodgers B. Psychotic symptoms in the 

elderly: a prospective study in a population 

sample. Int J Geriatr Psychiatry Jul 

1998;13(7):484-492.

71 Thewissen V, Myin-Germeys I, Bentall 

R, de Graaf R, Vollebergh W, van Os J. 

Hearing impairment and psychosis revisit-

ed. Schizophr Res Jul 1 2005;76(1):99-103.

72 Thewissen V, Myin-Germeys I, Bentall 

R, de Graaf R, Vollebergh W, van Os J. 

Deafness or hearing impairment: A risk 

factor for psychosis. Schizophrenia Research 

Feb 2004;67(1):49-49.

73 Stefanis N, Thewissen V, Bakoula C, 

van Os J, Myin-Germeys I. Hearing impair-

ment and psychosis: a replication in a 

cohort of young adults. Schizophr Res Jul 

2006;85(1-3):266-272.

74 van der Werf M, Thewissen V, 

Dominguez MD, Lieb R, Wittchen H, van 

Os J. Adolescent development of psychosis 

as an outcome of hearing impairment:  

a 10-year longitudinal study. Psychol Med 

Mar 2011;41(3):477-485.

75 Forsell Y. Predictors for Depression, 

Anxiety and psychotic symptoms in a very 

elderly population: data from a 3-year fol-

low-up study. Soc Psychiatry Psychiatr  

Epidemiol Jun 2000;35(6):259-263.

76 Moore NC. Is paranoid illness asso-

ciated with sensory defects in the elderly?  

J Psychosom Res 1981;25(2):69-74.

77 Watt JA. Hearing and premorbid per-

sonality in paranoid states. Am J Psychiatry 

Dec 1985;142(12):1453-1455.

78 Bentall R, Wickham S, Shevlin M, Vare-

se F. Do specific early-life adversities lead 

to specific symptoms of psychosis? A study 

from the 2007 the adult psychiatric mor-

bidity survey. Schizophr Bull 2012;38(4):734-

740.

79 Arseneault L, Cannon M, Fisher H, 

Polanczyk G, Moffitt TE, Caspi A. Child-

hood trauma and children’s emerging psy-

chotic symptoms: a genetically sensitive 

longitudinal cohort study. American Journal 

of Psychiatry 2011;168:65-72.

24 chapter 1



chapter 2

evidence that onset of psychosis in 
the population reflects early 
hallucinatory experiences that 
through environmental risks and 
affective dysregulation become 
complicated by delusions

Feikje Smeets1 MSc
Tineke Lataster PhD1

Mari Dominguez PhD1

Juliette Hommes1

Roselind Lieb PhD2,3

Hans-Ullrich Wittchen PhD 2,4

Jim van Os PhD1, 5 

1 Department of Psychiatry and Psychology, South Limburg Mental Health Research and 

Teaching Network, euron, Maastricht University Medical Centre, po Box 616 (drt 12), 

6200 md Maastricht, The Netherlands

2 Max Planck Institute of Psychiatry, Clinical Psychology and Epidemiology Unit,  

Kraepelinstrasse 2, 80804 Munich, Germany. 

3 Epidemiology and Health Psychology, Institute of Psychology, University of Basel,  

Missionsstrasse 60-62, 4055 Basel, Switzerland

4 Institute of Clinical Psychology and Psychotherapy, Technical University Dresden,  

Chemnitzerstr. 46, 01187 Dresden, Germany.

5 King’s College London, King’s Health Partners, Department of Psychosis Studies,  

Institute of Psychiatry, London, uk

Schizophrenia Bulletin 2012; 38(3): 531–542



abstract

Objective
To examine the hypothesis that the ‘natural’ combination of delusions and 
hallucinations in psychotic disorders in fact represents a selection of early 
subclinical hallucinatory experiences associated with delusional ideation, 
resulting in need for care and mental health service use.

Methods
In the Early Developmental Stages of Psychopathology study, a prospective, 
10-year follow-up of a representative cohort of adolescents and young adults 
in Munich, Germany (n=2524), clinical psychologists assessed hallucinations 
and delusions at two time points (t2 and t3). Analyses compared differences 
in psychopathology, familial liability for non-psychotic disorder, non-genetic 
risk factors, persistence and clinical outcome between groups characterized 
by: (i) absence of positive psychotic symptoms, (ii) presence of isolated hal-
lucinations, (iii) isolated delusions and (iv)both hallucinations and delusions. 

Results
Delusions and hallucinations occurred together much more often (t2: 3.1%; 
t3: 2.0%) than predicted by chance (t2: 1.0%; t3: 0.4%; or=11.0; 95% ci: 8.1, 
15.1). Content of delusions was contingent on presence of hallucinations but 
modality of hallucinations was not contingent on presence of delusions. The 
group with both hallucinations and delusions, compared to groups with either 
delusions or hallucinations in isolation, displayed the strongest associations 
with familial affective liability and non-genetic risk factors, as well as with  
persistence of psychotic symptoms, comorbidity with negative symptoms, 
affective psychopathology and clinical need. 

Conclusions
The early stages of psychosis may involve hallucinatory experiences that,  
if complicated by delusional ideation under the influence of environmental 
risks and (liability for) affective dysregulation, give rise to a poor-prognosis 
hallucinatory-delusional syndrome. 

introduction

The early origins of psychotic illness in the general population remain poorly 
understood1. Informative findings come from a handful of prospective general 
population studies showing that the onset of psychotic disorder can be seen as the 
outcome of earlier sub-threshold expressions of psychotic signs and symptoms2-4. 
Study results show that the majority of persons with sub-threshold expression 
of psychotic symptoms (prevalence: 5-10%5) never convert to psychotic disorder 
and that in those who do, the number and severity of sub-threshold psychotic 
symptoms, and their degree of persistence, under the influence of environmental 
exposures such as childhood trauma, cannabis use and an urban environment6, 7, 
are important predictors8. Furthermore, not just the presence of psychotic symp-
toms per se, but the psychopathological and developmental context determines 
the longer-term outcome, particularly the degree of admixture with affective dys-
 regulation, negative symptoms and pre-morbid social dysfunction9-11. 

One important hypothesis that has remained difficult to examine empirically 
regards the relationship between perceptual abnormalities and delusional ide-
ation in the early expression of psychosis. Whilst delusions and hallucinations 
in psychotic disorder are seen as symptoms that naturally pertain to the same 
‘class’ of positive symptoms, they in fact refer to very different phenomena and 
there is very little research, or empirical evidence, on possible reasons and 
consequences for their co-occurrence. The observed correlation between delu-
sions and hallucination has only rarely been the topic of empirical research, in 
terms of going beyond mere correlation to actual investigation of what this 
correlation may mean, comparing, on the one hand, delusions and hallucina-
tions in isolation versus, on the other, their co-occurrence in relation to aetio-
logical and clinical parameters. In clinical samples this would be difficult, giv-
en correlations secondary to Berkson’s bias, or comorbidity bias12, 13, and the fact 
that antipsychotic treatments successfully suppress (clustering of) positive 
psychotic symptoms. At the general population level, however, comparative 
empirical research is valid and important, as in individuals with subclinical 
expression of symptoms, the pathway from early expression to clinical needs 
may critically depend on level of ’co-morbidity’ of symptoms, and its clinical 
consequences, over time. 

Many of the theories that have relevance for the observation of co-occurrence 
of delusions and hallucinations14-20 contain elements that, at least in part, are 
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compatible with arguably the oldest and best established theory, that delusions 
may be seen as ‘complicating’ abnormal perceptual processes21-23 or, as described 
more recently, aberrant attribution of salience24. This theory has some empir-
ical support25-28 and is of major clinical relevance, as it implies that clustering 
of hallucinatory and delusional ideation represents a significant deepening of 
the psychotic state. There is some support for this hypothesis, given evidence 
that clustering of hallucinations and delusional ideation is particularly likely 
in the presence of affective dysregulation29, a factor which previous work sug-
gests is essential in the early formation and clinical outcome of psychotic 
experiences9, 30-35.

The theory that hallucinatory experiences may present with or without delu-
sional ideation, is particularly relevant from the early psychosis perspective, as 
it suggests that the co-occurrence of delusions and hallucinations in psychotic 
disorder may not be ‘natural’ but, on the contrary, the result of a dynamic 
selection with prognostic consequences: of the individuals in the general pop-
ulation who experience anomalous perceptions, those with ‘comorbid’ delu-
sional ideation may be more likely to develop need for care and thus become 
diagnosable cases when they present to psychiatric services. 

The current analysis focused on a general population sample that was followed 
over time, with repeated assessments, administered by clinical psychologists, 
of the spectrum of psychotic symptoms, in combination with assessment of 
dysfunction and help-seeking. The following hypotheses were examined:
(i) Hallucinations and delusions cluster together more often than would be 
expected by chance;
(ii) Co-occurrence of delusions and hallucinations, compared to either one 
in isolation, is more strongly associated with parameters predicting transition 
to clinical outcome such as more persistence over time, co-morbid affective 
dysregulation, negative symptoms, suicidal ideation, anxiety and familial psy-
chopathology.
(iii) Although it is difficult to directly examine the hypothesis relating to the 
more theoretical issue that the dynamic sequence over time is from hallucina-
tions to secondary delusional ideation, this hypothesis can be examined indirect-
ly by showing that (i) the content of delusions differs as a function of whether 
or not hallucinations are present whereas (ii) modality of hallucinations does 
not vary as a function of whether or not delusions are present. In other words, 
confirmation of hypothesis iii would yield evidence that delusions ‘follow’ 
hallucinations, but not the other way round.
(iv) Co-occurrence of delusions and hallucinations, compared to either one 

in isolation, is more strongly associated with environmental exposures such as 
childhood trauma, cannabis use and an urban environment.

methods

Sample
Data were from the Early Developmental Stages of Psychopathology (edsp) 
Study, which collected data on the prevalence, incidence, risk factors, comor-
bidity, and course of mental disorders in a random, representative population 
sample of adolescents and young adults in the general population. The base-
line sample was randomly drawn, in 1994, from the respective population reg-
istry offices of Munich and its 29 counties, to mirror the distribution of indi-
viduals expected to be 14–24 years of age at the time of the baseline (T0) 
interview in 1995. More details on the sampling, representativeness, instru-
ments, procedures, and statistical methods of the edsp Study sample have 
previously been presented36, 37. The edsp study was approved by the Ethics 
Committee of the Technical University Dresden.

Study Design 
The design of edsp is longitudinal and prospective, consisting of a baseline 
(t0) and 3 follow-up surveys, covering a time period of on average 1.6 years 
(t0–t1, sd = 0.2), 3.5 years (t0–t2, sd = 0.3), and 8.4 years (t0–t3, range = 
7.3–10.5 y, sd = 0.7). Because the primary goal was to examine the incidence 
and developmental risk factors for psychopathology, the younger group (14–15 
y), presumed to have the highest incidence density, was sampled at twice the 
rate of persons aged 16–21 years, and the oldest group (22–24 y) was sampled 
at half this rate. For the same reason, subjects aged 14–17 years at baseline 
were examined at the 4 time points, and subjects aged 18–24 years were assessed 
only 3 times. Written informed consent was obtained from all subjects. 

The g-section of the dia-x/m-cidi, which focuses on psychosis, was adminis-
tered at t2 (lifetime version section g) and t3 (interval version t2-t3 of section 
g). For the current paper and analyses the t2 sample served as baseline, since 
psychotic symptoms were first assessed at t2. The baseline sample consisted 
of 3,021 individuals aged 14-24 years; at t2, 2,548 participants were re-inter-
viewed (response rate=84%) and 2,210 (73%) at t3.

30 chapter 2 31



Instruments
The Self-report Symptom Checklist-90r
At all time points, participants completed the previously validated self-report 
symptom checklist-90r (scl-90r), the timeframe of which is the past 2 weeks, 
oriented to screen for a broad range of psychological problems and psycho-
pathology38. It contains 90 items, scored on a 5-point severity scale, measuring 
9 primary symptom dimensions named ‘somatization,’ ‘obsessive-compul-
sive,’ ‘interpersonal sensitivity,’ ‘depression,’ ‘anxiety,’ ‘hostility,’ ‘phobic anxi-
ety,’ ‘paranoid ideation,’ and ‘psychoticism.’.

The Munich-Composite International Diagnostic Interview
Participants were assessed using the computerized version of the Munich- 
Composite International Diagnostic Interview (dia-x/m-cidi)39, 40, an updated 
version of the World Health Organization’s cidi version 1.241. The dia-x/m-
cidi is a comprehensive, fully standardized diagnostic interview and assesses 
symptoms, syndromes, and diagnoses of various mental disorders in accord-
ance with the definitions and criteria of the International Classification of Dis-
eases, Tenth Revision (icd-10), and Diagnostic and Statistical Manual of Men-
tal Disorders (Fourth Edition), along with information about onset, duration, 
severity of symptoms, and psychosocial impairment as well as interviewer 
observations. 

As the assessment of psychosis with the cidi by lay interviewers is not consid-
ered reliable40, 42 trained clinical interviewers at the level of clinical psycholo-
gist, who were allowed to probe with follow-up clinical questions, conducted 
the interviews in the respondents’ homes. 

At baseline, the dia-x/m-cidi lifetime version was used. At each of the follow- 
up assessments, interviewers administered the interval version, covering the 
period from the last interview until the next. 

Psychopathology
Hallucinations and delusions were assessed at t2 and t3 with the g-section of 
the dia-x/m-cidi. g-section Delusions were: being spied on (g1), being fol-
lowed (g2), being tested (g3), conspiracy (g4), being loved by a stranger (g5), 
can read thoughts (g7), can hear thoughts of other people (g8), thoughts being 
heard by others (g9), controlled by force (g10), being given thoughts (g11), 
thoughts being taken (g12), messages specially directed at the person (g13), 
song or book directed specially at the person (g13b), influenced by strange 

force (g14) and forced to move (g22a). G-section Hallucinations were: seeing 
things which others could not see (g17), hearing things which others could not 
hear, like voices or noises (g18), smelling things which others did not smell 
(g20), having a strange taste in the mouth without reasonable explanation 
(g20c) and feeling things or sensations on one’s body without external stimu-
lus (g21a). Each variable was coded 1 if the item was present and 0 if the item 
was absent. At both t2 and t3, a variable (hereafter: group) denoting the differ-
ent combinations between delusions and hallucinations was constructed as 
follows: no psychotic symptoms (value ‘0’; all delusions=0 and all hallucina-
tions=0), isolated delusions (value ‘1’; any delusion=1 and all hallucinations=0), 
isolated hallucinations (value ‘2’; all delusions= 0 and any hallucination=1), hal-
lucinations and delusions (value ‘3’; any delusion=1 and any hallucination=1). 

At t2 and t3, two items concerning negative and disorganized symptoms from 
the dia-x/m-cidi interview ratings x-section were used: (i) indifference (x11) 
and (ii) thought incoherence and/or illogicality (x12). In addition, at t2, not 
only items x11 and x12 were assessed, but also 5 items of the dia-x/m-cidi 
interview observational p-section were available: flat affect (item p03), slow 
speech (item p05), reduced movement (item p06), reduced speech (item p07), 
lack of goal-directed behavior (item p08). All items were rated dichotomously 
as absent or present. Conform previous analyses in this sample43, a dichoto-
mous variable negative symptoms was created, a value of ‘0’ indicating ratings 
of absent on all 7 items of the x- and p-sections at t2, and the two x11 and x12 
items at t3, a value ‘1’ indicating a rating of present on any of the 7 items at t2, 
and any of the two items at t3. t2 and t3 measures of negative symptoms were 
described and validated in a previous publication10.

Depressive and manic symptoms
Depressive and manic symptoms were assessed at t2 and t3 using the 28 
symptom items of the dia-x/m-cidi depression and dysthymia section and the 
11 symptom items of the diax/m-cidi mania section which follow the dsm iv 
and icd-10 criteria. As described previously9, a continuous (Hypo)mania Score 
was constructed consisting of the sum score of manic symptoms with a theo-
retical range of 0-11 symptoms, re-categorized to 4 categories of increasing num-
bers of manic symptoms9. Similarly, a continuous sum score of depression 
symptoms was constructed with a theoretical range of 0-28 symptoms (here-
after: Depression Score), re-categorized to 6 categories of increasing numbers 
of depressive symptoms9.
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Substance abuse or dependence
t2 and t3 alcohol dependence or abuse was assessed dichotomously (absence=0, 
presence=1) using section i of the dia-x/m-cidi, which follows the criteria from 
the dsm iv. Similarly, at t2 and t3, a dichotomous composite variable indicat-
ing any use of cannabis, amphetamine, cocaine, ecstasy, angel dust, opiates, 
glue or other drug of abuse in excess of more than 5 times (for each drug sep-
arately) was constructed, based on questions regarding drug use from the dia-
x/m-cidi l-section at t2 and t3, respectively. The rationale for using a cutoff 
point of ‘more than 5 times drug use’ is described in more detail elsewhere44

Anxiety 
The variable any anxiety disorder was derived from the dia-x/m-cidi d-section, 
which explores the presence of Panic Disorder with or without agoraphobia, 
Agoraphobia without a history of panic disorder, Social phobia, Specific phobia, 
Anxiety disorder nos, Generalized anxiety disorder and Obsessive- compulsive 
disorder. A t2 and t3 dichotomous variable any anxiety disorder was construct-
ed indicating the presence of any anxiety disorder at these time points. 

Assessment of Persistence of Psychotic and Negative symptoms
Conform previous research in this sample, the scl-90r psychoticism and par-
anoid ideation subscales were combined into one Psychosis scale (hereafter 
scl-psychosis scale) by summing their scores44. The correlation between this 
scl-psychosis scale and the variable expressing the number of m-cidi psychotic 
symptoms at t3 (when the interval assessment of the m-cidi was closest to the 
time window of two weeks of the scl-90r) was 0.33. For the scl-90r anxiety 
scale, the correlation was -0.01, suggesting convergent and discriminant validi-
ty of the scl-psychosis scale. As described previously45, a discrete variable for lon-
gitudinal persistence of psychotic symptoms was constructed for each participant 
on the basis of the t0, t2 and t3 measures of the scl-psychosis subscale by (i) 
dichotomizing the scl-psychosis scales around the 90% percentile at each time 
point and (ii) making a score of the number of times individuals had scores in 
the highest 10% at t0, t2 and t3. Thus, a variable for the 10-year persistence of 
psychotic symptoms across t0, t2 and t3 was rated 0 (never), 1 (once) or 2 (twice) 
or 3 (thrice), hereafter ‘10-year psychosis persistence’, which was assessed inde-
pendently of the measures of t2 and t3 psychotic symptoms described above. 

Persistence of negative symptoms
Similarly, as described in more detail previously43, a variable indicating the 10- 
year persistence of negative symptoms was constructed based on presence of 

any negative symptom rated at T0 (assessed in the same fashion as at t3 using 
the x11 and x12 items, see above), t2 and t3, rated 0 (never), 1 (once) or 2 (twice) 
or 3 (thrice), hereafter ‘10-year negative symptom persistence’.

Assessment of clinical relevance of positive psychotic symptoms
Help-seeking
As described previously8, help-seeking secondary to psychotic symptoms at t2 
and t3 was assessed using 3 dia-x/m-cidi items. Two psychosis section items 
were used: g16 (delusions) and g23 (hallucinations), which were phrased as 
follows: ‘Did you tell a doctor about… (the psychosis-section hallucinatory/
delusional item previously endorsed by the participant along with a visual rep-
resentation from the response booklet) you have had?’ A third item from the 
concluding section was added (q1dg); participants were shown a list of several 
types of outpatient or inpatient institutions for mental health problems, and 
asked whether they had ever sought help at any of those institutions because 
of psychotic symptoms from the dia-x/m-cidi g section. Using these 3 help- 
seeking behavior items, a dichotomous variable help-seeking was constructed, 
indicating a positive answer on any of the 3 questions (‘ 1’) versus negative 
answers on all 3 questions (‘0’). 

Dysfunction
As described previously45, dysfunction due to psychotic symptoms was assessed 
using the following m-cidi/ g-section items: (g28) Feeling upset, unable to 
work, go places, enjoy oneself at the time of these experiences; (g29) being less 
able to work since the onset of the experiences; (g29a) being less able to make 
friends or enjoy social relationship since the onset of these experiences; (g36) 
how much daily life and everyday activities were impaired when the experienc-
es were at their worst.). The dichotomous variable Dysfunction was rated ‘1’ for 
any positive endorsement and ‘0’ for a negative rating on all four items. 

Thinking about death
Conform previous work in this sample46, the dichotomous variable ‘thinking 
about death’ was used as a measure for suicidal ideation. This was assessed at 
t2 and t3 with the question ‘Did you think a lot about death in general, your 
own death or that of other persons?’ (dia-x/m-cidi item e37).

Caseness
The x16 dia-x/m-cidi item (assessed at t2-t3) was used to assess ‘caseness’. This 
item rates the interviewer’s opinion regarding clinical evidence of psychological 
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ill health and consists of 4 levels: essentially not noticeable (0), not very notice-
able (1), clearly ill (2), and very ill (3). The dichotomous variable ‘caseness’ was 
defined as any score above 1. 

Non-genetic risk factors 
The variable Trauma at T0 was constructed with the n1-list from the dia-x/m-
cidi, as described previously47. Trauma at t0 was coded 0 (absence of trauma 
at t0) or 1 (endorsement on any trauma item at t0). Cannabis use was measured 
with List l1of the dia-x/m-cidi l-section in which participants had to indicate 
which substances they used and how often. A dichotomous variable ‘use of 
cannabis for 5 times or more at t0’ was created and rated as ‘yes’ (value label: 1) 
or ‘no’ (value label: 0). The last environmental risk factor was ‘urbanicity t0’ 
(based on information of the German registration office: living in Munich =1/
living rural=0; the population density of the Munich area is 4601 persons per 
square mile; that of surrounding areas is 553 persons per square mile). 

Assessment of Family History
Given strong associations between psychotic disorder and non-psychotic dis-
order in relatives48, non-psychotic parental mental illness variables were calcu-
lated on the basis of m-cidi interviews with the parents at t1 that were only 
available for the youngest group aged 14-17 years at baseline. Family history 
variables thus were only created for the younger group. The following disor-
ders, rated absent or present, were derived from the m-cidi interview: parental 
substance abuse and dependence, parental alcohol abuse and dependence, parental 
substance and alcohol misuse. Parental manic symptoms and parental depressive 
symptoms were assessed at t1 via respectively the f-section and the e-section of 
the m-cidi. The total number of endorsed items was re-coded into a continu-
ous sum score as described above for the variables depressive score and (hypo) 
mania score.

analysis

All analyses were carried out using stata version 11.049. Given the fact that 
cumulative incidence rates of psychotic symptoms were measured twice, (life-
time at t2 and interval t2-t3 at t3), data were analyzed in the ‘long format’, each 
individual contributing two observations (t2 and t3) for analysis, conform 
previous work43. In order to correct for the clustering of multiple observations 

within subjects, cluster-robust standard errors were computed, using the 
cluster option in the mlogit module in stata. All analyses were additional-
ly adjusted for age and sex. 

It was tested whether the type of delusion discriminated between individuals 
with only delusions and individuals with both delusions and hallucinations 
(i.e. are delusions contingent on hallucinations) and, conversely, whether the 
type of hallucination discriminated between individuals with only hallucina-
tions and individuals with both delusions and hallucinations (i.e. are halluci-
nations contingent on delusions). 

Multinomial logistic regression of the variable ‘group’ was carried out, esti-
mating associations, expressed as odds ratio’s (or) and 95% confidence inter-
vals (95% ci) in relation to the following groups of independent variables: (i) 
outcome: help-seeking, dysfunction, suicidal ideation, caseness and persistence 
of positive and negative symptoms; (ii) co-morbid psychopathology: negative 
symptoms, depressive symptoms, manic symptoms, any anxiety disorder, any 
drug use, alcohol abuse/dependence; (iii) parental history of non-psychotic 
illness: alcohol/substance misuse, depressive symptoms, manic symptoms 
and (iv) risk factors: trauma, cannabis use and urbanicity. Odds ratio’s were 
compared by Wald test.

Risk set
Information on the g-section of the dia-x/m-cidi was available for 2524 par-
ticipants at t2 lifetime version) and for 2210 at t3 (interval t2-t3 version). In 
the ‘long format’, the risk set consisted of 4734 observations, except for the anal-
yses on family history (1787 observations, youngest sub-group only) and the 
analysis on negative symptoms (4063 observations) due to missing data on 
the ‘10-year negative symptom persistence’ variable.

results

Subject characteristics
The sample distribution of demographic variables for t2 and t3 is displayed in 
table 1.

Pattern of co-occurrence hallucinations and delusions
Delusions and hallucinations occurred together much more often (t2: 3.1%; 
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t3: 2.0%) than predicted by chance (t2: 1.0%; t3: 0.4%)(Table 2). The odds 
ratio for association was 11.0 (95% ci: 8.1, 15.1). In addition, delusional content 
differed as a function of the co-presence of hallucinations (Table3): g-section 
items most likely to distinguish individuals with only delusions from individ-
uals with both hallucinations and delusions were thoughts being heard by 
others (or=4.0, 95% ci: 2.1, 7.3), thoughts being taken (or=8.7, 95% ci: 2.3, 
33.6) and messages directed at the person (or=6.3, 95% ci: 2.9, 14.0). Con-
versely, however, type of hallucination did not differ as a function of presence 
of delusions (Table 4).

Clinical relevance, comorbidity and persistence
The pattern of results was that all groups (hallucination and delusions, hallu-
cinations only, delusions only) differed from the reference group without  
psychotic symptoms on all variables. However, the group with both hallucina-
tions and delusions, compared to the other three groups, displayed stronger 
associations for each variable reflecting clinical relevance (table 6). The high-
est risk was for the variable help-seeking: 35.5% of individual with delusions 
and hallucinations had sought help, compared to 7.7% in the group with only 
hallucinations, 8.7% in the group with only delusions and 0.1% in the refer-
ence group.
 
Similarly, individuals with both delusions and hallucinations consistently had 
the highest rates of comorbidity, although not always at conventional statisti-
cal level (Table 6). The greatest observed difference was for anxiety disorder: 
the rate was 45.5% in those with delusions and hallucinations, compared to 
26.2% and 21.7% in those with respectively only hallucinations and only delu-
sions and 14.2% in the reference group. Similarly, rates of negative symptoms 
were, respectively, 21.5%, 15.4%, 16.0% and 11.7%.

Nearly 25% in the group with delusions and hallucinations had persistence of 
positive psychotic experiences over 2 or 3 measurements, significantly higher 
than all other groups (delusions only: 10.5%, hallucinations only: 13.9%, refer-
ence group: 3.0%; Table 7). A directionally similar, but much more attenuated 
pattern was apparent for persistence of negative symptoms (Table 8). 

Family History and non-genetic risk factors
The group with delusions and hallucinations consistently had the highest level 
of parental psychopathology, although differences between groups were mostly 
not statistically significant (Table 9).

A similar pattern, with more contrast between the groups, was apparent for 
the non-genetic risk factors, with the clearest result for childhood trauma. The 
rate of trauma exposure for individuals with delusions and hallucinations was 
34.7%, significantly higher than the rates observed in individuals with delu-
sions only (23.8%), hallucinations only (13.9%) and the reference group 
(18.3%). A similar pattern was observed for the other exposures (Table 10).

discussion

Main findings
Co-occurrence of delusions and hallucinations
At the level of the general population, the combination of delusional ideation 
and hallucinatory experiences co-occurred more often than would be expected 
by chance, which points to the direction of a fundamental unifying mecha-
nism, independent of illness, hereafter referred to as ‘hallucinatory-delusional 
syndrome.’ Furthermore, the pattern of results in tables 3 and 4 indicates that 
delusional content is contingent on the presence of hallucinations, whereas 
type of hallucination is not contingent on presence of delusions, suggesting 
delusions may represent a cognitive response to hallucinations and a deepen-
ing of the psychotic state, in agreement with earlier theories formulated by 
Maher and Ross and, more recently, Kapur23, 24, 50, 51. These findings, combined 
with the fact that the group with only hallucinations tended to show the weak-
est difference with the non-psychotic group, support the notion that a specific 
sub-group of the population is at risk of worsening of psychosis through sec-
ondary delusion formation, given hallucinatory experiences, and that delusion 
formation may be associated with affective predisposition and non-genetic 
risk factors. 

Delusions, hallucinations and other perceptual anomalies
A number of issues need explaining. First, the rate of hallucinations was much 
lower than delusions. An unlikely explanation is that most delusions repre-
sent false-positives and most hallucinations true positives, given the fact that 
the clinical relevance of isolated delusions was greater than isolated hallucina-
tions. A more likely (partial) explanation is that the m-cidi measures for delu-
sions are more sensitive and numerous than those for hallucinations, and, 
additionally that a range of more subtle, ‘basic’52, 53 perceptual anomalies can 
occur in the early phases of psychosis that are not picked up by the m-cidi. 
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This would also explain why, on most measures, isolated delusions impacted 
more on measures of clinical severity than isolated hallucinations.

Second, the fact that certain, mostly ‘first-rank-type’ delusions were more 
specifically associated with hallucinations than others suggests that delusions 
‘follow’ hallucinations but also that the content of secondary delusional idea-
tion is not random, and often takes on the form of altered self-representation 
and social inference, resulting in experience of thought alienation, passivity -
like experiences and paranoia. To the degree that hallucinations are at the 
severest end of perceptual anomalies associated with psychosis, it may be 
hypothesized other types of delusions, that in this study were less ‘comorbid’ 
with hallucinatory experiences, represent cognitive schemes associated with 
less severe perceptual anomalies that are not picked by m-cidi.

The hallucinatory-delusional syndrome as a predictor of clinical outcomes
Furthermore, the results showed that the combination of hallucinations and 
delusions, compared to either one in isolation, may represent an important 
intermediate step towards transition to (i) persistence of symptoms and (ii) 
clinical outcomes, which may be mediated, to a degree, by negative symptoms43 
and by higher rates of co-morbid non-psychotic psychopathology or familial 
liability to non-psychotic psychopathology, particularly parental mania, con-
form earlier observations33, 35, 54, 55. 

The hallucinatory-delusional syndrome as an outcome of non-genetic risk factors
The results suggest that environmental risk factors for psychotic illness may 
act in part by increasing the risk of delusional ideation in individuals experi-
encing perceptual alterations. This would go some way towards explaining 
why associations between childhood trauma and either hallucinations or delu-
sions have been inconsistent56.

A two-stage hallucinatory-delusional syndrome underlying psychotic illness
The findings suggest that the early stages of psychosis may involve perceptual 
anomalies perceived as hallucinations that, if complicated by delusional idea-
tion under the influence of environmental risks and (liability for) affective dys-
regulation, give rise to a hallucinatory-delusional syndrome that is associated 
with a higher probability of persistence of psychotic symptoms and transition 
to clinical psychotic disorder. Thus, identifying the group of patients with first-
stage early perceptual alterations may lead to expanded insight and knowledge 
about the pre-morbid stages of psychosis, particularly if more is known about 
second-stage onset of delusional ideation. Few studies have focused on the 

onset of delusional formation following hallucinatory experiences. Two studies 
reported that in those with hallucinations, voice characteristics and the level of 
distress28 they generate, in a context of affective dysregulation and negative 
schemata associated with childhood trauma, may increase the risk for second-
ary delusion formation27. Another study found that in the general population, 
trauma impacts on delusion formation through an affective pathway57.

Limitations and methodological issues
The data presented in the current paper was gathered in a large epidemiological 
study, therefore instruments and tools used were not refined with regard to 
the hypotheses under investigation. Second, follow-ups were infrequent, pre-
cluding the investigation of the dynamic relationship between delusions and 
hallucinations over time. Therefore, although the data suggest that hallucina-
tions may be followed by delusional ideation, an alternative explanation is that 
delusions are a cross-sectional indicator of the severity of the underlying pro-
cess that also affects perceptual alterations. While this would also be an impor-
tant observation, is differs substantially from the more dynamic interpretation 
given above. Therefore, more fine-grained follow-up work is necessary. Third, 
no formal diagnoses were used for psychotic disorder. The reason for this is 
that in general population samples, diagnoses are less sensitive than multiple 
indicators of help-seeking, dysfunction and casesness, that better reflect the 
dimensional nature of the largely subsyndromal expression of psychosis. Fourth, 
the measure of psychosis persistence was based on scl-90r self-report meas-
ures. Although analyses against the interview-based m-cdidi measures of psy-
 chotic symptoms suggested convergent and discriminant validity, self-report 
may have generated false-positive psychotic experiences, increasing random 
error. Nevertheless, a substantial amount of literature exists on the validity of 
self-reported psychotic symptoms, scl-90r and other instruments, suggesting 
acceptable validity and reliability5 58 59 60.
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Table 1 – Demographic characteristics of the sample at t2

 T2 (n=2548) T3 (n=2210)*

Gender % (n)

Male 51% (1297) 51% (1135)

Female 49% (1251) 49% (1075)

Mean age (min, max) 21.8 (17, 28) 26.6 (21, 34)

Rural % (n)†

Munchen 70% (1796) 70% (1558)

Rural 30% (752) 30% (652) 

Education % (n)†

Low 13% (323) 12% (271)

Medium 30% (769) 29% (647)

High 57% (1456) 58% (1292)

Social Economic Status % (n) †

Lower 6% (163) 6% (132)

Middle 59% (1492) 56% (1229)

Upper 33% (844) 33% (740)

Other 2% (49) 2% (39)

† – as assessed at T0 *numbers may not add up to 100% due to rounding
NOTE: level of education: low (mandatory basic school or learning a profession), medium (high school) and high (high 
school preparing for university and university). Participants were asked what education they were attending or what was 
the highest attended education (demographic section, item A3 of the DIA-X/M-CIDI. Social status: lower (lower class, 
lower middle class), middle (middle middle class), upper (higher middle class, upper class), other (none of the above 
and missing values). Participants were asked to choose from different options in which class they believed to be in 
(demographic section, item A16 of the DIA-X/M-CIDI). Residence: Urban (city of Munich) or Rural (surrounding areas of 
Munich), obtained through German registration office. The population density of the Munich surroundings areas was 
553 persons per square mile and that of the city 4601 persons per square mile.

Table 2 – Rates of delusions and hallucinations and observed and expected co-occurrence

        Any      Isolated     Any Isolated Hallucinations Hallucinations
 hallucination hallucination delusion delusion  and delusions  and delusions
          expected*     observed

T2 interview 117 (4.6) 39 (1.6) 529 (21.0) 451 (17.9) 25 (1.0) 78 (3.1)
(n=2524)

T3 interview 69 (3.1) 26 (1.2) 248 (11.2) 205 (9.3) 8 (0.4) 43 (2.0)
(n=2210)

* represents the product of the rates of any hallucination (column 2) and any delusion (column 4).



Table 3 – Prevalence of specific delusions in groups with (i) any delusion but 
no hallucinations (ii) combination of any delusion and any hallucination

  % with specific  % with specific T2-T3*
 delusion in group  delusion in group Odds ratio
 with any delusion  with combination (95% CI)#
 but no hallucination of any hallucination
 (n, %) with any delusion (n,%)

 T2 (n=451) T3 (n=205) T2 (n=78) T3 (n=43) T2-T3

psychotic symptom

Being spied on 155 (34.4) 68 (33.2) 31 (39.7) 15 (34.9) 1.2 (0.8, 1.8)

Being followed 86 (19.1) 28 (13.7) 21 (26.9) 12 (27.9) 1.7 (1.1, 2.7)^

Being tested 102 (22.6) 64 (31.2) 23 (29.5) 14 (32.6) 1.4 (0.9, 2.2)

Conspiracy 114 (25.3) 45 (22.0) 33 (42.3) 20 (46.5) 2.4 (1.7, 3.7)‡

Loved by stranger 57 (12.6) 24 (11.7) 15 (19.2) 9 (20.9) 1.8 (1.1, 3.1)^

Can read thoughts 69 (15.3) 20 (9.8) 20 (25.6) 10 (23.3) 2.1 (1.3, 3.3)†

Can hear thoughts 41 (9.1) 16 (7.8) 14 (18.0) 7 (16.3) 2.2 (1.3, 3.8)†

Thoughts being heard 21 (4.7) 9 (4.4) 10 (12.8) 9 (20.9) 4.0 (2.1, 7.3)‡

Controlled by force 15 (3.3) 6 (2.9) 6 (7.7) 3 (7.0) 2.4 (1.0, 5.8)^

Being given thoughts 10 (2.2) 1 (0.5) 2 (2.6) 1 (2.3) 1.5 (0.4, 5.5)

Thoughts being taken 3 (0.7) 1 (0.5) 3 (3.9) 3 (7.0) 8.7 (2.3, 33.6)†

Messages 8 (1.8) 6 (2.9) 5 (6.4) 9 (20.9) 6.3 (2.9, 14.0)‡

Book/song solely for person 33 (7.3) 11 (5.4) 13 (16.7) 7 (16.3) 2.7 (1.5, 4.8)‡

Influenced by strange force 18 (4.0) 7 (3.4) 7 (9.0) 5 (11.6) 2.9 (1.4, 5.8)†

Forced to move 11 (2.4) 4 (2.0) 4 (5.1) 6 (14.0) 4.0 (1.7, 9.3)‡

* T2 and T3 associations tested jointly with data in the long format; 
# CI=Confidence Interval. ‡ p≤.001; † p≤.01; ^ p<.05.

Table 4 – Prevalence of specific hallucinations in groups with (i) any hallucination but no 
delusions (ii) combination of any delusion and any hallucination

  % with specific hallucination  % with specific hallucination T2-T3*
 in group with any hallucination in group with combination Odds ratio
  but no delusions of any hallucination (95% CI)#
 (n, %) with any delusion (n,%)

 T2 (n=39) T3 (n=26) T2 (78) T3 (43) T2-T3

psychotic symptom

Seeing things 9 (23.1) 4 (15.4) 18 (23.1) 10 (23.4) 1.2 (0.6, 2.6)

Hearing things 11 (28.2) 10 (38.5) 29 (37.2) 22 (51.2) 1.6 (0.8, 3.0)

Smelling things 8 (20.5) 6 (23.1) 18 (23.1) 11 (25.6) 1.2 (0.6, 2.4)

Tasting things 9 (23.1) 5 (19.2) 17 (21.8) 11 (25.6) 1.0 (0.5, 2.2)

Feeling things 9 (23.1) 7 (26.9) 27 (34.6) 14 (32.6) 1.6 (0.8, 3.3)

* T2 and T3 associations tested jointly with data in the long format; 
# CI=Confidence Interval. ‡ p≤.001; † p≤.01; ^ p<.05.
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Help-seeking
% (n/N)

OR (95% CI) Dysfunction %, 
(n/N)

OR (95% CI) Thinking about death
% (n/N)

OR (95% CI) ‘Caseness’
% (n/N)

OR (95% CI)

T2-T3 no 
psychotic 
symptoms
(n=3892)

0.1% (5/3892) 1* 0 --# 22.4% (554/2479) 1* 1.2% (45/3887) 1*

T2-T3 isolated 
Hallucinations
(n=65)

7.7% (5/65) 69.1 (19.4, 246.0) 
‡

32.3% (21/65) 1* 31.3% (15/48) 1.5 
(0.8, 2.8)

3.1% (2/65) 2.7 
(0.7, 11.6)

T2-T3 isolated 
delusions
(n=656)

8.7% (57/656) 76.7 (30.6, 192.5) ‡ 35.8% (235/656) 1.2 (0.7, 2.0) 34.8% (138/397) 1.8 
(1.5, 2.3) ‡

7.0% (46/656) 6.7 
(4.4, 10.2) ‡

T2-T3 hallucinations 
and delusions
(n=121)

35.5% (43/121) 466.1
(178.8, 1215.1) ‡a,b

57.9% (70/121) 2.9 (1.5, 5.4)a,b 57.3% (51/89) 4.5
(2.9, 7.1) ‡a,b

20.7% (25/121) 23.4 
(13.9, 39.5) ‡a,b

Table 5 – Indicators of impact on functioning and caseness

help-seeking; informing a doctor about the 
psychotic symptoms, dysfunction: effect on 
daily life functioning of psychotic symptoms: 
caseness: clinical rating of problems with 
mental health: *reference category; # OR= 
infinite; ‡ p≤.001; † p≤.01; a= OR T2-T3  
Hallucinations and delusions > OR T2-T3 
Isolated Hallucinations, p<0.01. b= OR T2-T3 
Hallucinations and Delusions > OR T2-T3 
Isolated Delusions, p<0.001 

Negative 
symptoms
% (n/N)

OR (95% CI) Depressive 
symptoms# 
mean (SD)

OR 
(95% CI)

Manic 
symptoms# 
mean (SD)

OR (95% CI) Any anxiety disorder
% (n/N)

OR (95% CI) Any drug used 
more than 5 times
% (n/N)

OR (95% CI) Alcohol abuse 
OR dependence
% (n/N)

OR (95% CI)

T2-T3 no 
psychotic 
symptoms 
(n=3892)

11.7% (454/3890) 1* 1.1 (1.6) 1* 0.3 (0.7) 1* 14.2% (551/3892) 1* 21.9% (843/3859) 1* 12.2% (475/3892) 1*

T2-T3 isolated 
hallucinations 
(n=65)

15.4% (10/65) 1.3 
(0.7, 2.6)

2.1 (2.1) 1.4 
(1.2, 1.6) ‡

0.8 (1.1) 1.8 
(1.4, 2.2) ‡

26.2% (17/65) 2.2 
(1.2, 4.0) †

38.5% (25/65) 2.3
(1.4, 3.9) †

26.2% (17/65) 2.8 
(15, 5.1) †

T2-T3 isolated 
delusions
(n=656)

16.0% (105/656) 1.4
(1.1, 1.7)†

1.7 (2.0) 1.2
(1.2, 1.3) ‡

0.7 (1.1) 1.6 
(1.5, 1.8) ‡

21.7% (142/656) 1.8 
(1.5, 2.3) ‡

31% (202/652) 1.5 
(1.3, 1.9) ‡

24.2% (159/656) 2.2 
(1.8, 2.8) ‡

T2-T3 
hallucinations 
and delusions
(n=121)

21.5% (26/121) 2.0 
(1.3, 3.0)†

2.6 (2.2) 1.6 
(1.4, 1.8) ‡ b

1.1 (1.3) 2.2 
(1.9, 2.6) ‡ b

45.5% (55/121) 5.8 
(3.9, 8.6) ‡a,b

39.3% (46/117) 2.3 
(1.6, 3.4)‡

36.4% (44/121) 4.3 
(2.9, 6.5) ‡b

Table 6 – Comorbid psychopathology 

Negative symptoms: absence or presence of any negative symptoms: depressive symptoms: continuous sum score  
of number of depressed symptoms; manic symptoms: continuous sum score of number of manic symptoms *reference 
category; ‡ p≤.001; †; p≤.01; a= OR T2-T3 Hallucinations and delusions > OR T2-T3 Isolated Hallucinations, p<0.01.  
b= OR T2-T3 Hallucinations and Delusions > OR T2-T3 Isolated Delusions, p<0.01 
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Table 7 – Persistence of positive symptoms Table 9 – Family history#

Table 10 – Non-genetic risk factorsTable 8 – Persistence of negative symptoms 

10-year psychosis persistence (T0-T3)#
%(n,N)

Never                   Once                Twice              Thrice

OR (95% CI)

T2-T3 no psychotic symptoms
(n=3892)

84.5%
(3290/3892) 
 

12.5%
(487/3892)

2.7%
(105/3892)

0.3%
(10/3892)

1*

T2-T3 isolated hallucinations
(n=65)

61.5%
(40/65) 

24.6%
(16/65)

13.9%
(9/65)

0.0%
(0/65)

2.3 (1.7, 3.2) ‡

T2-T3 isolated delusions
(n=656)

69.1%
(453/656) 

20.4%
(134/656)

8.7%
(57/656)

1.8%
(12/656)

2.0 (1.7, 2.3) ‡

T2-T3 hallucinations and delusions
(n=121)

52.9%
(64/121) 

22.3%
(27/121)

16.5%
(20/121)

8.3%
(10/121)

3.3 (2.7, 4.2) ‡ a,b

# persistence of positive symptoms was measured at T0, T2 and T3 and derived from the SCL-90R. Persistence 
of positive psychotic symptoms was expressed as how often they occurred during the 3 different interview 
waves. *reference category; ‡ p≤.001; a= OR T2-T3 Hallucinations and delusions > OR T2-T3 Isolated Halluci-
nations, p<0.05. b= OR T2-T3 Hallucinations and Delusions > OR T2-T3 Isolated Delusions, p<0.001.

# persistence of negative symptoms was measured at T0, T2 and T3 and derived from the M-CIDI. Persistence 
of negative symptoms was expressed as how often they occurred over the 3 different interview waves.  
*reference category; ‡ p≤.01; † p≤.05

# Family history was only assessed at T1, therefore only data of the younger sample (14-17 years at T0)  
was included in these analyses *reference category; † p≤.05; a= OR T2-T3 Hallucinations and Delusions  
> OR T2-T3 Isolated Delusions, p<0.05. 

* reference category; ‡ p≤.001; † p≤.01;. a= OR T2-T3 Hallucinations 
and delusions > OR T2-T3 Isolated Hallucinations, p<0.01. b= OR T2-t3 
Hallucinations and Delusions > OR T2-T3 Isolated Delusions, p<0.01.

10-year negative symptom persistence (T0-T3)#
%(n,N)

Never                   Once                Twice              Thrice

OR (95% CI)

T2-T3 no psychotic symptoms
(n=3359)

72.2%
(2425/3359) 

23.6%
(794/3359)

3.7%
(124/3359)

0.5%
(16/3359)

1*

T2-T3 isolated hallucinations
(n=54)

68.5%
(37/54) 

22.2%
(12/54)

9.3%
(5/54)

0.0%
(0/54)

1.2 (0.8, 1.9)

T2-T3 isolated delusions
(n=556)

65.8%
(366/556) 

27.0%
(150/556)

6.1%
(34/556)

1.1%
(6/556)

1.2 (1.1, 1.5) ‡

T2-T3 hallucinations and delusions
(n=94)

59.6%
(56/94) 

30.9%
(29/94)

9.6%
(9/94)

0.0%
(0/94)

1.5 (1.1, 2.0) †

Parental alcohol/ 
substance misuse
% (n/N)

OR (95% CI) Parental 
Depressive 
symptoms
Mean (SD)

OR (95% 
CI)

Parental 
Manic 
symptoms 
mean 
(SD)

OR (95% CI)

T2-T3 no psychotic 
symptoms (n=1483)

21% (310/1483) 1* 2.0 (2.1) 1* 0.3 (0.8) 1*

T2-T3 isolated 
hallucinations (n=27)

29.6% (8/27) 1.6 (0.7, 3.7) 2.6 (2.2) 1.1 (0.9, 1.4) 0.2(0.6) 0.8 (0.4, 1.4)

T2-T3 isolated 
delusions (n=241)

26.6% (64/241) 1.4 (1.0, 1.9) 2.1 (2.1) 1.0 (0.9, 1.1) 0.3 (0.8) 1.0 (0.8, 1.2)

T2-T3 hallucinations 
and delusions (n=36)

38.9% (14/36) 2.4 (1.2, 4.9) † 2.3 (2.2) 1.1 (0.9, 1.3) 0.7 (1.1) 1.5 (1.1, 2.1)†a

Trauma at T0
% (n/N)

OR (95% CI) Cannabis use 
more than 
5 times at T0 
% (n/N)

OR (95% CI) Urbanicity 
T0 % (n/N)

OR (95% CI)

T2-T3 no 
psychotic 
symptoms 
(n=3982)

18.3% 
(711/3982)

1* 12% 
(450/3764)

1*  69.8 % 
(2716/3892)

1*

T2-T3 
isolated 
hallucinations
(n=65)

13.9% (9/65) 0.8 (0.4, 1.6) 17.8% (11/62) 1.9 (1.0, 3.7) 76.9% (50/65) 1.4 (0.8, 2.6)

T2-T3 isolated 
delusions
(n=656)

23.8% 156/656) 1.5 (1.2, 1.8)‡ 17.9% 
(113/632)

1.8 (1.4, 2.3)‡ 72.7% (477/656) 1.2 (1.0, 1.4)

T2-T3 
hallucinations 
and delusions
(n=121)

34.7% (42/121) 2.6 
(1.7, 4.0)‡a,b

20.5% (24/117) 2.3 (1.4, 3.8)† 76.9 % (93/121) 1.5 (0.9, 2.2)
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abstract

Objective
While hallucinations and delusions are often considered as a single class of 
‘positive symptoms’, little is known about their dynamic co-occurrence in  
relation to clinical outcome in non-help-seeking people.

Methods
The the Netherlands Mental Health and Incidence Study (nemesis-1) is a lon-
gitudinal study of mental disorders (n=7075) with 3 measurements over a 
3-year period. Risk factors, persistence of psychotic experiences and clinical 
outcome were analyzed for groups with i) no psychotic experiences, ii) only 
delusions, iii) only hallucinations and iv) both delusions and hallucinations.

Results
Hallucinations and delusions occurred together more often (t0: 3.5%; t1: 
1.0%, t2: 0.9%) than predicted by chance (t0: 1.0%; t1: 0.1%; t2: 0.04%). 
The group with both symptoms showed more ‘first-rank’-like delusions  
compared to the group with only delusions. Having both hallucinations and 
delusions, compared to isolated symptoms, was associated more strongly 
with risk factors, co-morbid affective symptoms, negative symptoms and  
persistence of psychotic experiences. This was not an artifact of having more 
symptoms in general.

Conclusion
Experiencing both delusions and hallucinations is an indicator for greater  
aetiological load resulting in more clinical outcome. A specific ‘hallucinatory- 
delusional state’ may represent an early phase of exacerbation of aberrant 
attribution of salience, increasing risk for clinical outcome. 

introduction

It has been suggested that the onset of psychotic disorder involves a phase of 
subtle perceptual alterations 1-3 or, as suggested more recently, anomalous ex -
periences caused by assigning aberrant motivational salience to objects, per-
sons or actions or (‘aberrant salience’ 4). These experiences can be very dis-
turbing and warrant for an explanation as to why the perception of the outside 
world has changed. Given the oddness of the experiences, these explanations 
are likely to reflect this, resulting in secondary delusional formation (i.e. delu-
sions formed as a result of perceptual disturbances or anomalous experiences). 
These and other5-11 symptom-based accounts of the onset of psychotic disorder 
share a focus on the contextual influence of mood 12, cognitive or affective dys-
regulation13, adverse childhood experiences10, 14, 15, avoidance responses16, 17, ex -
ternal attribution styles18 and schemas about the world and the self16, 19. Al  though 
theoretical frameworks commonly make a meaningful distinction between 
hallucinations and delusions in the development of psychotic disorder7, 8, 13, 

20-22, the majority of studies to date have focused on positive symptoms as a 
single class. However, it may be productive to distinguish empirically between 
hallucinations and delusions, in order to better understand their roles and 
interplay in the early stages of psychosis.

A recent study examined the meaning and consequences of the co-occurrence 
of hallucinations and delusions in comparison with states characterized by 
either symptom in isolation (i.e. presence of delusions only or hallucinations 
only). The authors reported, in a general population sample of adolescents 
and young adults (edsp sample), that co-occurrence of hallucinations and 
delusions was not random, and, compared to either symptom in isolation, 
associated with increased familial and environmental risk, affective co-mor-
bidity, persistence of symptoms, and clinical need 23. In addition, the study 
reported that specific ‘first rank’-type delusions, which have been associated 
with poorer outcome in previous studies24, were more likely to co-occur with 
hallucinatory experiences than other types of delusions, suggesting that aber-
rant assignment of salience predicts formation of more severe delusions. Tak-
en together, these findings suggest that a specific hallucinatory-delusional state 
may represent a crucial early phase of exacerbation of aberrant attribution of 
salience, increasing risk for clinical psychotic outcome. Replication is required, 
however. Therefore, data from the prospective cohort of the Netherlands Mental 
Health and Incidence Study (nemesis-1) was used to replicate the findings 
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reported by Smeets and colleagues 23. The main difference between the edsp and 
nemesis-1 samples is the age of the participants (edsp: 14-24 years; nemesis-1: 
18-64 years). 

Aims of the study
To examine the dynamic co-occurrence of hallucinations and delusions in rela-
tion to clinical outcome in non-help-seeking people. The hypotheses tested in 
the current study were: 
(i) Hallucinations and delusions in the general population cluster together 
more often than would be expected by chance;
(ii) Co-occurrence of delusions and hallucinations, compared to either symp-
 tom in isolation, is more strongly associated with parameters predicting tran-
sition to clinical outcome;
(iii) Delusions accompanying hallucinations are more likely to be ‘first-rank’- 
like, suggesting specificity;
(iv) Likelihood of delusional ideation does not depend on modality of halluci-
nation;
(v) The co-occurrence of delusions and hallucinations, compared to either 
symptom in isolation, is more strongly associated with environmental expo-
sures and affective dysregulation.

methods

Sample
Data were from nemesis-1, a longitudinal study focusing on the incidence, 
prevalence, course and consequences of mental health problems in the gener-
al population. A stratified random sampling procedure was used to select 90 
municipalities representative for the Dutch demography, after which house-
holds within these municipalities were randomly selected. Per household one 
subject was selected based on a) which household member had the most 
recent birthday, b) was aged between 18-64 years, and c) had sufficient mastery 
of the Dutch language. Persons living in institutions were not included in the 
sampling procedure. The response rate for T0 was 69.7% of the selected sam-
ple, resulting in 7.076 participating subjects. In order to obtain information 
on possible differences in (mental) health between responders and non-re-
sponders, non-responders were asked to complete the 12-item General Health 
Questionnaire. No difference in general health was found between responders 

and non-responders. Details on the sampling procedure, representativeness, 
instruments and statistical methods of the nemesis-1 sample are reported 
elsewhere 25. Subjects were interviewed at three time points: in 1996 (t0), in 
1997 (t1), and in 1999 (t2). At t1, 5618 subjects participated for the second 
time; at t2, 4848 subjects participated. Respondents provided verbal in  formed 
consent, according to the prevailing Dutch law of 1996.

Instruments
Composite Diagnostic Interview
At t0, t1 and t2, all subjects were interviewed with the Composite International 
Diagnostic Interview (cidi) version 1.1 (Dutch version)26, originally developed 
by the World Health Organization27, 28. The cidi is a comprehensive, standard-
ized diagnostic interview that assesses symptoms, syndromes, and diagnoses 
of various mental disorders in accordance with the definitions and criteria of 
the Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Re  vised 
(dsm-iii-r) and International Classification of Diseases, Tenth Revision (icd-10). 
The cidi also provides information about onset, duration, severity of symp-
toms, and psychosocial impairment as well as interviewer observations and 
was designed to be administered by trained interviewers who are not clini-
cians. Although the cidi has been found to show good inter-rater29, 30, and 
test-retest reliability31, results of some studies suggest that the psychosis sec-
tion might lead to an inflated number of diagnoses32, 33. In order to correct for 
false-positives, subjects reporting psychotic symptoms during the cidi inter-
view (at t0 or t2) were re-interviewed with the Structured Clinical Interview 
for the dsm-iii-r (scid,34) or the symptoms were discussed with a psychiatrist 
(at t1). At baseline, the cidi lifetime version was used. At each of the follow-up 
assessments (t1 and t2), the interval version was administered, which covers 
the period of assessment from the last interview until the next (t0-t1; 1 year, 
t1-t2; 2 years).

Psychotic symptoms clinical re-interview 
At t0 and t2, participants with evidence of psychotic symptoms at the cidi 
interview were contacted and re-interviewed over the telephone by experienced 
clinicians (psychiatrist, psychologist and trainee psychiatrist) with the aid of 
the scid. The scid is an interview which assesses the presence or absence of 
symptoms for dsm-iii-r diagnoses of axes I disorders and has good validity 
and reliability34, 35. The purpose of these scid re-interviews was to detect 
false-positive cidi ratings of psychotic symptoms and to correct for these 
false-positives in the dataset. Thus, for t0 and t2 all ratings on the cidi were 

58 chapter 3 59



checked and, if necessary, corrected for false-positives in the cidi diagnostic 
program with the aid of the information from the telephonic scid re-interviews. 

At t1 interview, no clinical re-interviews were conducted. Instead, the lay 
interviewers were trained to ask additional questions from a simple structured 
interview to assess psychotic symptoms in more detail if individuals had a 
rating of ‘5’, ‘6’, or ‘2’ on any cidi psychosis item. The answers were written 
down and subsequently discussed with a psychiatrist, with the possibility of 
correction of cidi items.

Psychotic symptoms
The psychosis section (g-section) of the cidi contains specific questions on 
hallucinations and delusions. g-section Delusions were: being spied on (g1), being 
followed (g2), being tested (g3), conspiracy (g4), can read thoughts (g7), can 
hear thoughts of other people (g8), thoughts being heard by others (g9), con-
trolled by force (g10), thought insertion (g11), thought withdrawal (g12), mes-
sages specifically directed at the person (g13), influenced by strange force (g14). 
g-section Hallucinations were: seeing things others cannot see (g17), hearing 
things others cannot hear (g18), smelling things others cannot smell (g20) 
and unexplained bodily sensations (g21a). Each item was coded as either not 
present (1), psychotic symptom present but not clinically relevant (no impair-
ment or help-seeking (2)), psychotic symptom resulting from drug use (3), 
symptom is the result of somatic disease (4), true psychotic symptom (5), or 
interviewer is uncertain because there appears to be a plausible explanation 
for the reported symptom (6). As previous work36 has shown that all these 
ratings reflect the same underlying construct in terms of associations with 
risk factors, other diagnoses and psychotic outcome, dichotomous ratings of 
delusions and hallucinations at t0, t1 and t3 were used, combining ratings 
2-6 into a single rating reflecting presence of psychotic experiences.

Measures of psychopathology
Hallucinations and delusions
A variable ‘Group’ was constructed denoting the different combinations be -
tween delusions and hallucinations (hereafter: group): no psychotic symptoms 
(value ‘0’: no psychotic symptoms), delusions only (value ‘1’: any delusion=1 and 
any hallucination=0), hallucinations only (value ‘2’: any delusion=0 and any 
hallucination=1), hallucinations and delusions (value ‘3’: any delusion=1 and any 
hallucination=1), conform previous work in this area 37. 

Negative symptoms
Guided by previous cidi-based work37, a dichotomous measure of negative 
symptoms was created for t0, t1 and t2, using three items from the cidi 
p-section (‘interviewer observations’) indexing negative symptoms: flat affect 
(p3), slow speech (p5) and slow movement (p6). these items were rated as: 
absent (1), very little (2), a little (3), moderately (4), moderately strong (5), a lot 
(6) or very much (7) and recoded dichotomously as absent (value 1) versus 
present (values 2-7). A dichotomous variable negative symptoms was created, a 
value of ‘0’ indicating no evidence for any negative symptom, a value ‘1’ indi-
cating presence of at least one negative symptom. 

Affective and non-affective psychotic disorders
Additionally, a variable indicating cumulative incidence of the presence of cidi 
any affective or non-affective psychotic disorder in concordance with the dsm-iii-r 
criteria was created based on the information from the cidi interviews at t0 
(lifetime diagnosis), t1 and t2 (interval time t0-t1, t1-t2), coded as absent (0) 
or present (1).

Depressive and manic symptoms
As described previously38, continuous depression and mania scores were con-
structed using depressive and manic symptoms as assessed with the 28 items 
of the cidi 1.1 depression and dysthymia sections and the 11 items from the 
cidi 1.1 (hypo)mania section. Symptom items were rated dichotomously (absent 
vs. present). A continuous (Hypo)mania Score was constructed consisting of 
the sum score of manic symptoms with a theoretical range of 0-11 symptoms, 
re-categorized to 4 categories of increasing numbers of manic symptoms (no 
symptoms (0), at least 1 symptom (1), at least 3 symptoms (2), at least 5 symp-
toms (3))38. Similarly, a continuous sum score of depression symptoms was 
constructed with a theoretical range of 0-28 symptoms (hereafter: Depression 
Score), re-categorized to 6 categories of increasing numbers of depressive 
symptoms (no symptoms (0), at least 1 symptom (1), at least 3 symptoms (2), at 
least 5 symptoms (3), at least 7 symptoms (4), and at least 9 symptoms (5))38.

Furthermore, presence of cidi diagnosis of major depression or bipolar 
disorder was used in the analyses, based on dsm-iii-r criteria.

Substance abuse or dependence
Substance abuse and dependence were assessed with the cidi l section, which 
follows the criteria from the dsm-iii-r. A variable coding for lifetime substance 
abuse or dependence following dsm-iii-r criteria was rated as present (1) or absent 
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(0) for alcohol, cannabis, amphetamine, cocaine, ecstasy, angel dust, opiates, 
glue or other drug of abuse. Consistent with previous work 39-41, a variable was 
created coding for cannabis use at least once (1= once or more, 0=never) or other 
drug use at least once (1=once or more, 0=never).

Persistence of psychotic symptomatology
Persistence of positive symptoms
Consistent with earlier work42, a variable coding for persistence of positive psy-
chotic symptoms was created by counting the number of times an individual 
had displayed any evidence of delusions and/or hallucinations at t0, t1 and 
t2, resulting in a rating of 0 (never), 1 (once), 2 (twice) or 3 (thrice). In a similar 
fashion, variables were created indexing the t0-t2 persistence separately for 
delusions and hallucinations. 

Persistence of negative symptoms
A variable t0-t2 persistence of negative symptoms was created in the same man-
ner (0= never, 1=once, 2=twice, 3=thrice), consistent with previous analyses 37.

Assessment of clinical relevance of positive psychotic symptoms
Help-seeking
Help-seeking behavior was defined using the cidi item from section g in 
which participants were shown a list with several types of in- or outpatient 
mental health institutions, ranging from general practitioner or school psy-
chologist to psychiatric sheltered housing. Individuals were asked whether 
they had ever sought help at any of these institutions because of the psychotic 
symptoms elicited by the interview from the cidi g-section. A dichotomous 
variable was created for help-seeking as present (any positive endorsement) or 
absent (no positive endorsements) as described previously23, 42. 

Impairment
Impairment due to psychotic symptoms was assessed using the cidi g-section 
items on occupational impairment (g37) and social impairment (g38). Consistent 
with previous work, a dichotomous variable impairment was created, rated ‘1’ for 
any positive endorsement and ‘0’ for absence of any g37 or g38 impairment23, 42. 

Assessment of environmental and familial risk factors
Trauma
Childhood trauma was assessed at t0 with a semis-structured self-constructed 
interview inquiring about the occurrence of any kind of emotional, physical, 

psychological or sexual abuse before the age of 16 years, which has been de -
scribed in more detail elsewhere41, 43.

The variable ‘traumatic experiences’ represents the total number of traumat-
ic items endorsed in the interview (theoretical range: 0-24). The variable ‘any 
trauma’ represents the dichotomized score (any positive endorsement on the 
n1-list coded ‘1’; no endorsements coded ‘0’).

Urbanicity
Level of urbanicity at t0 was based on 5 levels representing density of addresses 
per km2. Conform previous work44, 45, a dichotomous variable urbanicity was 
created as follows: levels 1 (<500/ km2), 2 (500–900/ km2) and 3 (1000–1499/ 
km2) were coded ‘0’ (rural), and levels 4 (1500–2499/ km2) and 5 (≥2500/ 
km2) were coded ‘1’ (urban).

Family history of psychotic symptoms
Family history of psychotic symptoms was assessed at t1, by asking subjects 
whether any first-degree relative ever experienced delusions or hallucinations. 
Based on previous work44, the dichotomous variable ‘family history of psychotic 
symptoms’ was rated as either absent (no first degree relatives with hallucina-
tions or delusions) or present (first degree relative(s) with hallucinations or 
delusions). 

analysis

The occurrence of hallucinations and delusions and the rate of chance co-occur-
rence (i.e. the product of their rates), were calculated in order to compute the 
difference between observed and expected chance rate of co-occurrence.

Logistic regression yielding odds ratio’s and 95% confidence intervals with 
the independent variable ‘type of delusions’ (i.e. the specific delusions assessed in 
the cidi g-section) and the outcome variable indicating co-presence of halluci-
nations (0= only delusions 1= hallucinations and delusions) was used in order 
to assess if type of delusion discriminated between delusions with or without 
co-presence of hallucinations (i.e. does the type of delusion depend on co-pres-
ence of hallucinations). Conversely, in a similar matter it was tested whether 
modality of hallucination (independent variable) discriminated be  tween indi-
viduals with only hallucinations and with both delusions and hallucinations 
(0= only hallucinations, 1= hallucinations and delusions) (i.e. is the modality 
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of hallucinations differentially associated with delusions).
All analyses were carried out using stata version 11.046. The cumulative 

incidence of psychosis was measured three times (lifetime period at T0, inter-
val t0-t1 at t1 and interval t1-t2 at t2). Data were analyzed in the ‘long format’ 
with three repeated observations per subject (t0, t1, t2), without including 
temporal ordering (i.e. measurement occasion) in the model, consistent with 
previous work in this area23, 47. 

Multinomial logistic regression of the response variable ‘group’ (depend-
ent variable categorized as described in the method section; 0= no symptoms, 
1= only delusions, 2= only hallucinations, 3= hallucinations and delusions) 
was used in order to obtain associations, expressed as odds ratio’s (or) and 
95% confidence intervals (95% ci) in relation to the following independent 
exposure variables: (i) psychotic psychopathology: negative symptoms, affective 
and non-affective psychotic disorders; (ii) comorbid psychopathology: depres-
sive and manic symptoms and substance use or dependence; (iii) persistence 
of positive symptoms, persistence of negative symptoms, persistence of delu-
sions, and persistence of hallucinations; (iv) clinical outcome: help-seeking, 
impairment and; (v) risk factors and familial liability: trauma, urbanicity and 
family liability for psychosis. As data were analyzed in the ‘long’ format, these 
variables reflected repeated measures at t0, t1 and t2 (lifetime period at t0, 
interval t0-t1 at t1 and interval t1-t2 at t2) with the exception of (i) persistence 
variables (defined longitudinally over t0-t2) and (ii) trauma (assessed at t0), 
family history (assessed at t1) and urbanicity (assessed at t0). Odds ratios at 
the different levels of ‘Group’ for a given exposure variable were compared by 
Wald tests. Clustering of multiple observations within individuals due to the 
‘long format’ of the data was corrected for by using the option cluster in the 
mlogit command in stata, computing more conservative, cluster-robust 
standard errors for the coefficients. Furthermore, all analyses were adjusted a 
priori for age and sex.

Sensitivity analyses
Comparing these different groups gives rise to two statistical problems that 
should be accounted for. First, to control for the possibility that differences 
between categories of the Group variable are mediated by some categories hav-
ing more psychotic symptoms per se (i.e. the category with both hallucinations 
and delusions compared to categories with either symptom type in isolation), 
all analyses were repeated excluding those individuals with only one symptom 
in the Group categories with isolated symptom types (i.e. only hallucinations 
or only delusions) (hereafter: ‘sensitivity analysis 1’). Second, in order to test 

the hypothesis that larger or more significant associations in the Group cate-
gory of combined hallucinations and delusions versus the two isolated symp-
tom categories are mediated by a greater number of individuals with clinical 
diagnoses of any (non-)affective psychotic disorder, all analyses were repeated 
excluding all subjects with a cidi any affective or non-affective psychotic disorder 
score of 1 (present) (hereafter: ‘sensitivity analysis 2’).

Risk set
Information on the cidi psychosis section was available for 7075 participants 
at t0, n=5616 at t1 and n=4845 at T2. After transformation in the ‘long format’ 
this resulted in a total of 17536 observations, with some analyses including few-
er observations due to partial missing data (range 17536 to 16130 observations). 

results

Sample characteristics
The sample at t0 (n=7075) consisted of 46.6% males (n=3299) and 53.9% 
females (n=3376) with an age range from 18 to 64 years and a mean age of 41.1 
years. Of the 7075, 61.3% (n=4336) lived in an urban and 38.7% (2739) in a 
rural environment; 86.8% (n=6139) were White (defined as both parents being 
born in the Netherlands) and 13.2% (n=936) were of other ethnic background.

Co-occurrence of hallucinations and delusions
The observed co-occurrence of hallucinations and delusions (t0: 3.5%; t1: 
1.0%, t2: 0.9%) was higher than predicted by chance (t0: 1.0%; t1:0.1%; t2: 
0.04%)(Table 1). Furthermore, the group with both hallucinations and delusions 
showed an increased occurrence of specific delusions as compared to the 
group with only delusions (Table 2). This effect was greatest for delusions of 
‘being given thoughts’ (or: 5.1, 95% ci: 3.3, 8.0), ‘thoughts being heard by oth-
ers’ (or: 4.6, 95% ci: 3.0, 6.9), ‘influenced by strange force’ (or: 4.5, 95% ci: 
2.7, 7.4) and ‘controlled by force’ (or: 4.2, 95% ci: 2.8, 6.2)(Table 3).

The modality of hallucinations was differentially associated with likelihood 
of co-presence of delusional ideation. Thus, delusional ideation was predicted 
by hallucinations in the auditory and tactile modalities (auditory hallucinations: 
or: 3.0, 95% ci 2.2, 4.2; tactile hallucinations: or: 2.2, 95% ci: 1.6, 30), but not 
by hallucinations in the visual and olfactory modalities (visual hallucinations: or 
1.3, 95% ci: 0.9, 1.7; olfactory hallucinations: or: 1.4, 95% ci: 0.9, 2.0)(Table 3).
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Psychopathology
Negative symptoms and psychotic disorders
The groups with only delusions (1.8%) and only hallucinations (2.3%) had in -
creased rates of negative symptoms compared to the control group (0.6%). In 
turn, the group with both delusions and hallucinations had higher rates than 
the other three groups (4.7%)(for or’s see Table 4). The results from the sensi-
tivity analyses showed a similar pattern (sensitivity analysis 1: only hallucinations: 
or: 7.9, 95% ci 4.2, 14.7; only delusions: or 4.1, 95% ci: 2.2, 7.6; hallucina-
tions and delusions: or: 8.7, 95% ci: 7.2, 10.6, supplementary table 1; sensitiv-
ity analysis 2: only hallucinations: or: 2.5, 95% ci 1.7, 3.8; only delusions: or: 
2.8, 95% ci: 1.5, 5.4; both hallucinations and delusions: or: 4.7, 95% ci: 1.5,5.4, 
supplementary table 2). For cidi any affective or non-affective psychotic disorder 
a pattern was found were both groups with isolated symptoms did not differ 
from each other, but the group with both hallucinations and delusions had 
increased ors compared to the groups with either hallucinations or delusions 
in isolation (Table 4 and sensitivity analysis 1; supplementary table 1).
 
Affective comorbidity
The occurrence of hallucinations or delusions was associated with an in  creased 
risk for all measures of affective comorbidity compared to the control group, 
and the group with both symptoms showed the highest rate of comorbidity of 
all. This effect was largest for bipolar disorder (no psychotic symptoms: 0.5%; 
only hallucinations: 3.6%; only delusions: 4.9%; both hallucinations and delu-
sions: 11.3%)(Table 5). The direction of these effects remained the same for the 
sensitivity analyses and remained the largest for bipolar disorder (sensitivity 
analysis 1: only hallucinations: or: 8.5, 95% ci 2.7, 26.6; only delusions: or 
20.0, 95% ci: 4.9, 80.7; hallucinations and delusions: or: 25.5, 95% ci: 6.4, 
101.9, supplementary table 3; sensitivity analysis 2: only hallucinations: or: 5.3, 
95% ci 2.8, 9.9; only delusions: or: 10.0, 95% ci: 3.3, 30.1; both hallucinations 
and delusions: or: 18.7, 95% ci: 3.2, 107.9, supplementary table 4).

Substance use
For all substance use variables, a similar pattern was found: the 3 symptom 
groups differed from the group without symptoms, and the group with both 
hallucinations and delusions showed increased ors compared to the groups 
with isolated symptoms. A similar pattern was found for the analysis controlling 
for number of symptoms (supplementary table 5) and for the analysis exclud-
ing subjects with a cidi diagnosis of any affective or non-affective psychotic disor-
der (supplementary table 6). The rate of substance use disorder was highest in 

the group with both symptoms (34.8%), followed by the groups with only hal-
lucinations (21.6%) and only delusions (20.0%), dropping to 8.7% in the group 
with no symptoms (Table 6).

Risk factors and familial liability
All risk factors showed significant associations with the Group variable (Table 
10). The largest effect sizes were found for the occurrence of ‘any trauma’, the 
category with both symptoms showing the highest risk (45.5%) compared to 
the groups with isolated delusions (24.0%), isolated hallucinations (28.4%) 
and the control group (11.7%). The sensitivity analyses showed the same pattern 
for any trauma (sensitivity analysis 1: only hallucinations: or: 3.7, 95% ci 2.1, 
6.6; only delusions: or 3.1, 95% ci: 2.8, 3.5; hallucinations and delusions: or: 
6.3, 95% ci: 5.7, 6.9, supplementary table 7; sensitivity analysis 2: only hallu-
cinations: or: 2.8, 95% ci 1.9, 4.0; only delusions: or: 2.3, 95% ci: 2.2, 2.5; both 
hallucinations and delusions: or: 5.0, 95% ci: 3.8, 6.5, supplementary table 8). 
Family history of psychotic symptoms was a risk factor for all symptom catego-
ries of Group, with again the highest risk for the group with both symptoms 
(Table 7). Again, a similar pattern was found in both sensitivity analyses (sen-
sitivity analysis 1: supplementary table 7; sensitivity analysis 2: supplementary 
table 8).

Persistence of symptoms
One third (33.1%) of the group with both delusions and hallucinations had 
persistence of positive symptoms over the 3 measurement moments, signifi-
cantly higher than all other groups (delusions only: 6.5%, hallucinations only: 
14.2%)(Table 8). A directionally similar, but much more attenuated pattern was 
apparent for persistence of negative symptoms (Table 9). A similar pattern was 
found in the sensitivity analyses (supplementary tables 9-12).

Help-seeking and impairment
All 3 symptom categories of Group showed increased ‘help-seeking’ and ‘im -
pairment risk’ compared to the ‘no symptom’ category, the group with both 
symptoms seeking help and showing impairment more often (53% and 23.2%, 
respectively) than the groups with isolated delusions (31.1% and 3.3%) and iso-
lated hallucinations (28.4% and 6.7%)(Table 10). The same was found in sen-
sitivity analysis 1 (help-seeking: only hallucinations: or: 3.4, 95% ci: 1.7, 6.5, 
only delusions: or: 4.1, 95% ci: 2.3, 7.3: hallucinations and delusions: or: 7.5, 
95% ci: 5.3, 10.7) (impairment: only hallucinations: or: 2.2, 95% ci: 0.9, 5.5, 
only delusions: reference group: hallucinations and delusions: or: 4.0, 95% 
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ci: 2.5, 6.4, supplementary table 13), and sensitivity analysis 2 (help-seeking: only 
hallucinations: or: 2.3, 95% ci: 1.7, 3.2; only delusions: or2.9, 95% ci: 1.8, 
4.6; hallucinations and delusions: or: 5.4, 95% ci: 3.3, 8.8) (impairment: only 
hallucinations: or: 2.3, 95% ci: 1.2, 4.6; only delusions: reference group; hallu-
cinations and delusions: or:7.7, 95% ci 5.6, 10.7, supplementary table 14). 

discussion

Main findings
Hallucinations, delusions, co-morbid psychopathology and risk factors 
The group with both hallucinations and delusions showed increased persistence 
of both negative and positive symptoms over time and much higher levels of 
help-seeking/impairment compared to the group with only delusions or only 
hallucinations. The co-occurrence of hallucinations and delusions was con-
sistently associated with higher risk for any affective or non-affective psychotic 
disorder, higher risk for both subclinical and clinical depressive and mania 
outcomes, and increased exposure to environmental (substance use, trauma) 
and familial risk for psychosis as compared to groups with isolated symptoms. 
All symptoms groups differed from the referent control group with no symp-
toms; differences between symptom groups thus were quantitative rather 
than qualitative. The quantitative differences indicated that, on the one hand, 
the group with combined delusions and hallucinations is more ‘clinical’, as 
indicated by higher levels of affective comorbidity, negative symptomatology, 
help-seeking/impairment and persistence. On the other hand, the findings 
indicate that the groups with combined delusions and hallucinations has 
greater levels of aetiological loading, as indicated by higher levels of exposure 
to proxy genetic and environmental risk factors. The findings therefore sug-
gest that the expression of the combination of both symptoms is the outcome 
of more aetiological loading impacting on a continuum of clinical severity, of 
which the combination of hallucinations and delusions is a specific indicator 
and not merely a reflection of the number of symptoms (figure 1). 

Of particular interest is the admixture with affective and negative symp-
tomatology and the much higher probability of impairment/help-seeking, sug-
gesting that once dimensional comorbidity arises, clinical outcome and patient 
status becomes much more likely. In the current data, it is not possible to dis-
entangle direction of mutual impact of comorbid dimensions of affective dys-
regulation, negative symptoms and hallucinatory-delusional state; previous 

work suggest affective dysregulation and negative symptoms predict more severe 
outcomes in those with subclinical expression of psychotic symptoms37, 38, 48. 
The findings nevertheless suggest that the early transition from psychometric 
expression of liability to a clinical state is characterized both by dynamic rela-
tionships of symptoms within dimensions (eg delusions and hallucinations) 
as well as by comorbid relationships between different symptom dimensions. 
The findings constitute a full replication of the results reported by Smeets and 
colleagues 23. Given recent concerns that most research findings, including 
those in mental health, may be false, particularly because efforts at replication 
are relatively rare 49, the findings may be considered replicable.

Modality of hallucinations and delusional content
In order to study the onset of psychosis, it is of particular interest to focus on 
associations between hallucinations and delusions, since most theories pro-
pose a link between the two symptoms in the early stages. Models based on 
influential accounts by Maher and Kapur 2, 3 would predict that hallucinations 
lead to delusions, and that hallucinations would often be accompanied by delu-
sional ideation, rather than the other way around. Cognitive theories empha-
size the notion that hallucinations and delusions are often formed through 
different pathways 10, 17, 50, and that there are specific routes to specific symp-
toms 19, 51, resulting in the expectation of a more loose connection between hal-
lucinations and delusions. Findings from the study by Smeets and colleagues 
23 were replicated in the current sample and indicated that individuals with 
hallucinations were at much greater risk of displaying delusions than those 
without hallucinations. Moreover, these individuals appeared to be at increased 
risk particularly for First Rank-type symptoms, as compared to individuals who 
experienced isolated delusions. These data strongly suggest that co-occurrence 
of delusions and hallucinations in the early stages of psychosis is not coinci-
dental and that individuals with hallucinations are at increased risk of devel-
oping specific delusions traditionally associated with more severe clinical out-
come. Nevertheless, epidemiological data are not suitable to examine dynamic 
relationships between delusions and hallucinations over time; momentary 
assessment techniques such as Experience Sampling Method 52 are required 
to test the sequence of onset of symptoms.

The current study also investigated the hypothesis that likelihood of delu-
sional ideation did not depend on modality of hallucination, as reported previ-
ously 23. In contradiction with previous findings reporting lack of specificity of 
hallucinatory modality, it was found that auditory and tactile rather than visual 
and olfactory hallucinations were accompanied by delusional ideation. One 
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possible explanation for the difference between the current and the previous 
findings may be the age difference between the samples (current sample aged 
18-64 years, edsp sample analyzed by Smeets et al 23 aged 14-24 years at base-
line). In order to assess whether differences in findings could be explained by 
differential age structure of samples, post hoc analyses were performed includ-
ing only the younger half of the sample in the current study (aged 18-24 years 
at baseline) (no psychotic symptoms: n=1170; only hallucinations: n= 54; only 
delusions: n=106; both hallucinations and delusions: n=34) so that it closely 
matched the age group presented in the comparison paper 23. In these analy-
ses, hallucinations in the auditory (or: 3.9; 95% ci: 1.3, 11.3; p<0.05) and tactile 
(or: 2.7; 95% ci: 1.0, 6.8; p<0.05) modalities continued to differentially pre-
dict delusions compared to the other modalities, excluding age differences as 
an explanation. Furthermore, re-inspecting the edsp data by Smeets and col-
leagues revealed that the largest associations for presence of delusions were 
present for the auditory and tactile modalities (or=1.6 for both modalities) 
whereas for all other modalities ors were between 1.0-1.2. Thus, lack of power 
in the smaller edsp sample may have obscured a similar pattern of findings as 
in the current study. One explanation for the differential associations with 
delusions is that the experience of certain hallucinations (auditory, tactile) may 
be particular distressing or ‘salient’. Level of perceived distress, in turn, may 
differentially impact on the demand for an explanation of these experiences, 
resulting in secondary delusion formation. 

Limitations
Several methodological issues are apparent. First, nemesis-1 is a large epide-
miological study, and the instruments used were not selected primarily to 
assess psychotic symptoms. Following from this, the relatively low occurrence 
of hallucinations as compared to the rate of delusions may be associated with 
the fact that cidi methodology provides a more sensitive assessment for delu-
sions than for hallucinations. This is unlikely, however, as research has demon-
strated that self-reports of psychotic symptoms are more sensitive to halluci-
nations than delusions 53. Second, follow-ups were infrequent, with an average 
period of one year between t0 and t1 interviews and two years between t1 and 
t2 interviews, which does not allow for a sequential interpretation of the data 
with respect to the onset of hallucinatory and delusional symptoms. Follow-up 
studies with shorter time frames between measurements and finer grained 
assessment tools and instruments are necessary.

Furthermore, due to the fact that at t0 the lifetime version of the cidi was 
used to assess psychotic experiences, it cannot be stated with certainty that the 

environmental risks (trauma, urbanicity and cannabis use) preceded the occur-
rence of these symptoms. However, previous research has shown that child-
hood trauma, urbanicity, cannabis and other substance use are risk factors for 
psychotic disorder 54-59 and are therefore treated as such in the current study. 

acknowledgements

The the Netherlands Mental Health Survey and Incidence Study-1 (nemesis-1) 
was conducted within the Netherlands Institute of Mental Health and Addic-
tion (Trimbos Institute) in Utrecht. The re-interviews were conducted by the 
University of Maastricht, Department of Psychiatry and Psychology.

70 chapter 3 71



Figure 1 – Psychotic intensity deepens as hallucinations and delusions combine

Table 1– Rates of delusions and hallucinations and their observed and expected 
co-occurrence.

H= hallucinations, D=delusions. Depicted is the situation that more aetiological loading gives rise 
to progressively more comorbid expression of delusions and hallucinations, leading to more 
severe clinical outcomes. Darker colours indicate greater severity and clinical relevance of delusions 
and hallucinations.

note presented numbers are n (%)
# T0 lifetime hallucinations and delusions were assessed with CIDI 1.1 lifetime version; measurements at 
T1 refer to T0-T1 interval and measurements at T2 refer to T1-T2 interval. 
* Expected co-occurrence represents the product of any hallucination (column 2) and any delusion (column 4).

H

H

H D

D

D

Aetiological 
Loading

Clinical 
severity

Any 
hallucination

Hallucinations 
only

Any delusions Delusions 
only

Hallucinations 
and delusions 
expected*

Hallucinations 
and delusions 
observed

T0#
Interview 
(n=7075)

551 (7.8) 306 (4.3) 931 (13.2) 686 (9.7) 73 (1.0) 245 (3.5)

T1
Interview
(n= 5616)

149 (2.7) 95 (1.7) 212 (3.8) 158 (2.8) 6 (0.1) 54 (1.0)

T2 
Interview
(n=4845)

95 (2.0) 49 (1.0) 99 (2.0) 53 (1.1) 2 (0.04) 46 (0.9)
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type of psychotic 
symptoms

% with specific delusion in 
group with any delusion but 
no hallucination, n(%)

% with specific delusion in 
group with both delusion and 
hallucination, n, (%)

OR
(95% CI)

T0 (n=686) T1 (n=158) T2 (n=53) T0 (n=245)
OR (95% 
CI)

T1 (n=54)
OR (95% 
CI)

T2 
(n=46)

T0-T1-T2
OR 
(95% CI)

Being spied on 359 (52.3) 77 (48.7) 20 (37.7) 123 (50.2) 22 (40.7) 15 (32.6) 0.8 (0.6, 1.1)

Being followed 152 (22.2) 30 (19.0) 10 (18.9) 70 (28.6) 13 (24.1) 6 (13.0) 1.2 (0.9, 1.6)

Being tested 59 (8.6) 16 (10.1) 1 (1.9) 31 (12.7) 12 (22.2) 2 (4.4) 1.8 (1.2, 2.8) †

Conspiracy/harming me 116 (16.9) 36 (22.8) 11 (20.8) 65 (26.5) 8 (14.8) 14 (30.4) 1.6 (1.2, 2.2) †

Can read thoughts 87 (12.7) 20 (12.7) 6 (11.3) 75 (30.6) 14 (25.9) 12 (26.1) 2.8 (2.0, 3.8) ‡

Can hear thoughts 63 (9.2) 15 (9.5) 3 (5.7) 65 (26.5) 15 (27.8) 12 (26.1) 3.8 (2.7, 5.4) ‡

Thoughts being heard 36 (5.3) 12 (7.6) 1 (1.9) 46 (18.8) 14 (25.9) 11 (23.9) 4.6 (3.0, 6.9)‡

Controlled by force 35 (5.1) 11 (7.0) 3 (5.7) 51 (20.8) 11 (20.4) 6 (13.0) 4.2 (2.8, 6.2) ‡

Being given thoughts 29 (4.2) 9 (5.7) 2 (3.8) 49 (20.0) 13 (24.1) 5 (10.9) 5.1 (3.3, 8.0) ‡

Thoughts being taken 10 (1.5) 2 (1.3) 0 (0.0) 11 (4.5) 4 (7.4) 2 (4.4) 3.7 (1.6, 8,4) †

Messages 13 (1.9) 3 (1.9) 2 (3.8) 14 (5.7) 5 (9.3) 3 (6.5) 3.1 (1.7, 5.9) ‡

Influenced by strange force 25 (3.6) 5 (3.2) 2 (3.8) 39 (15.9) 6 (11.1) 5 (10.9) 4.5 (2.7, 7.4) ‡

Spontaneous delusion 17 (2.5) 4 (2.5) 9 (17.0) 13 (5.3) 1 (1.9) 16 (34.8) 2.8 (1.6, 5.0) ‡

Table 2 – Prevalence of specific delusions in groups with (i) any delusion but no 
hallucinations, and (ii) combination of any delusion and any hallucination.

* T0, T1 and T2 associations tested jointly with data in the ‘long’ format, corrected for clustering of observations within 
persons
‡ p≤.001
† p≤.01
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type of  
psychotic 
symptoms

% with specific delusion in group with any 
hallucination but no delusion (n, %) 

% with specific delusion in group with both 
hallucination and delusion (n,%)

OR
(95% CI)

T0 (n=306)) T1 (n=95) T2 (n=49) T0 (n=245)
OR (95% CI)

T1 (n=54)
OR (95% CI)

T2 (n=46) T0-T1-T2
OR (95% CI) 

Visual 163 (53.3) 44 (46.3) 20 (40.8) 135 (55.1) 31 (57.4) 30 (65.2) 1.3 (0.9, 1.7)

Auditory 61 (19.9) 27 (28.4) 19 (38.8) 107 (43.7) 34 (63.0) 25 (54.4) 3.0 (2.2, 4.2) ‡

Olfactory 64 (20.9) 26 (27.4) 15 (30.6) 76 (31.0) 12 (22.2) 15 (32.6) 1.4 (0.9, 2.0) 

Tactile 102 (33.3) 28 (29.5) 11 (22.5) 118 (48.2) 28 (51.9) 27 (58.7) 2.2 (1.6, 3.0)‡

Table 3 – Prevalence of specific hallucinations in groups with (i) any hallucination 
but no delusions (ii) combination of any delusion and any hallucination

Table 4 – Negative symptoms and psychotic disorder in relation to combinations of 
delusions and hallucinations

* T0, T1 and T2 associations tested jointly with data in the long format, corrected for clustering within persons
‡ p≤.001

note: analyses used data in the long form with multiple observations per subject, 
corrected for clustering of observations with persons
*= reference category / --# or is infinite / ‡ p≤.001 / a= or Hallucinations and delusions > or only hallucinations, p<0.05 / 
b= or Hallucinations and Delusions > or only delusions, p<0.05.

Negative symptoms
% (n/N)

OR (95% CI) CIDI 
Any affective OR non-affective 
psychotic disorder
% (n/N)

OR (95% CI)

No positive
psychotic symptoms
(n=15844)

0.6%
(98/15701)

1* 0.02%
(3/15884)

--#

Only hallucinations
(n=450)

2.3%
(10/442)

4.0 (2.1, 7.8)‡ 4.2%
(19/450)

1.1 (0.6, 2.0)

Only delusions
(n=897)

1.8%
(16/882)

2.9 (1.7, 5.0)‡ 3.8%
(34/897)

1*

Hallucinations and 
delusions (n=345)

4.7%
(16/340)

8.5 (4.6, 15.7)‡ b 23.8%
(82/345)

7.7 (5.0, 12.0) a b
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Table 5 – Comorbidity of affective symptoms in relation to combinations 
of delusions and hallucinations

Table 6 – Substance use and associations with combinations of delusions 
and hallucinations

note: analyses used data in the long form with multiple observations per subject, corrected for clustering of observations 
with persons / *= reference category / ^p≤.0.05 / a= OR Hallucinations and delusions > OR only hallucinations, p<0.01 / 
b= OR Hallucinations and Delusions > OR only delusions, p<0.01

note: analyses used data in the long form 
with multiple observations per subject, cor-
rected for clustering of observations with 
persons 
# Other substances are: Psycho stimulants, 
cocaine, phencyclidine, and psychedelics 
were combined into one group of ‘other 
substances’
## Substances include cannabis, other 
substances and alcohol
 *= Reference category
‡ p≤.001
a= OR Hallucinations and delusions > OR 
only hallucinations, p<0.05
b= OR Hallucinations and Delusions > OR 
only delusions, p<0.001

Depressive symptoms
Mean (SD)

OR 
(95% CI)

Manic Symptoms
Mean (SD)

OR 
(95% CI)

Depressive disorder
% (n/N)

OR 
(95% CI)

Bipolar Disorder OR 
(95% CI)

No psychotic symptoms
(n=15844)

1.7 (4.2) 1* 0.05 (0.5) 1* 8.2% (1305/15844) 1* 0.5% (72/15844) 1*

Only hallucinations
(n=450)

5.0 (7.0) 1.1 (1.1, 1.1)^ 0.5 (1.5) 1.6 (1.5, 1.7)^ 24.7% (111/450) 3.4 (2.7, 4.3)^ 3.6% (16/450) 7.5(4.3,13.0)^

Only delusions
(n=897)

5.7 (7.2) 1.1 (1.1, 1.1)^ 0.6 (1.6) 1.7 (1.6, 1.8)^ 25.8% (231/897) 4.0 (3.4, 4.7)^ 4.9% (44/897) 10.9 (7.5, 16.0)^

Hallucinations and delusions
(n=345)

10.2 (8.6) 1.2 (1.2, 1.2)^a b 1.6 (2.9) 2.1 (1.9, 2.2)^ a b 39.7% (137/345) 7.1 (5.6, 9.0)^ a b 11.3% (39/345) 25.9 (17.1, 39.3)^ab

Cannabis use at least once OR (95% CI) Other substance use at least once# OR (95% CI) Lifetime substance use/misuse
Disorder ##

OR (95% CI)

No psychotic symptoms
(n=15844)

4.6% (735/15844) 1* 0.8%
(129/15844)

1* 8.7%
(1381/15844)

1*

Only Hallucinations
(n=450)

14.9%
(67/450)

3.7
(2.8, 5.0) ‡

3.1%
(14/450)

3.9 
(2.2, 6.8)‡

21.6%
(97/450)

3.6 
(2.8, 4.6)‡

Only delusions
(n=897)

13.5%
(121/897)

3.1
(2.4, 3.8) ‡

4.0%
(36/897)

4.7
(3.1,6.9)‡

20.0%
(179/897)

2.6
(2.2, 3.1)‡

Hallucinations and delusions
(n=345)

21.7%
(75/345)

5.9 
(4.3, 8.2) ‡ ab

9.0%
(31/345)

11.9 
(7.4, 19.0)‡ a b

34.8%
(120/345)

7.2 
(5.4, 9.6)‡ a b
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Traumatic experiences
# mean (SD)

OR (95% CI) Any trauma 
% (n/N)

OR (95% CI) Urbanicity
% (n/N)

OR (95% CI) Family history of psychotic 
symptoms #
% (n/N)

OR (95% CI)

No psychotic symptoms
(n=15844)

5.2 (2.6) 1* 11.7%
(1849/15884)

1* 37.2%
(5895/15844)

1* 5.2% (745/14467) 1* 

Only hallucinations
(n=450)

7.0 (4.2) 1.2 
(1.1, 1.2)‡

28.4%
(128/450)

2.9 
(2.3, 3.7)‡

50.4%
(227/450)

1.7
(1.4, 2.1) ‡

10.1% (38/375) 2.1 
(1.4, 3.0) ‡

Only delusions
(n=897)

6.4 (3.6) 1.1
 (1.1, 1.1)‡

24.0%
(215/897)

2.5 
(2.1, 2.9)‡

42.7% (383/897) 1.2 
(1.1, 1.4) † 

7.8% (56/723) 1.6
(1.2, 2.2) †

Hallucinations and 
delusions
(n=345)

9.1 (5.3) 1.3
 (1.2, 1.3)‡ a b

45.5%
(157/345)

6.4 
(4.9,8.3) ‡a b

55.4%
(191/345)

2.0
(1.6, 2.7) ‡b

16.1 (44/274) 3.5
(2.3, 5.4)‡ a b

Table 7 –  Associations between risk factors measured at T0 or T1 and 
combinations of delusions and hallucinations

Table 8 – Persistence of positive symptoms in relation to combinations of 
delusions and hallucinations

note: analyses used data in the long form with multiple observations per subject, corrected for clustering 
of observations with persons / # Family history was assessed at T1 only / *= Reference category / ‡ p≤.001
† p≤.01 /  a= OR Hallucinations and delusions > OR only hallucinations, p<0.001 / b= OR Hallucinations 
and Delusions > OR only delusions, p<0.001

Persistence of positive symptoms T0-T3
% (n,N) #  

OR (95% CI)

Never Once Twice Thrice

No psychotic symptoms
(n=14719)

88.8%
(13071/14719) 

10.2%
(1504/14719)

1.0%
(144/14719)

0%
(0/14719)

0.03

Only hallucinations
(n=388)

0%
(0/388)

60.1%
(233/388)

25.8%
(100/388)

14.2%
(55/388)

1.3 (1.1, 1.5)†

Only delusions
(n=736)

0%
(0/736) 

67.9%
(500/736)

25.5%
(188/736)

6.5%
(48/736)

1*

Hallucinations and delusions
(n=287)

0%
(0/287) 

34.2%
(98/287)

32.8%
(94/287)

33.1%
(95/287)

2.5 (2.1, 3.1)‡ ab

note: analyses used data in the long form with multiple 
observations per subject, corrected for clustering of 
observations with persons
# Numbers might not add up to 100% due to rounding
*= Reference category 
‡ p≤.0.001 
†=p≤ 0.01
a= OR Hallucinations and delusions > OR only  
hallucinations, p<0.001
b= OR Hallucinations and Delusions > OR only  
delusions, p<0.001
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Persistence of negative symptoms T0-T3
%(n,N) #

OR (95% CI)

Never Once Twice Thrice

No psychotic symptoms
(n=14683)

98.5%
(14464/14683) 

1.2%
(182/14683)

0.3%
(37/14683)

0.0%
(0/14683)

1*

T2-T3 only hallucinations
(n=386)

96.9%
(374/386)

2.9%
(11/386)

0.3%
(1/386)

0.0%
(0/386)

1.7 (1.1, 2.7) ‡

T2-T3 only delusions
(n=734)

97.3%
(714/734) 

2.2%
(16/734)

0.5%
(4/734)

0.0%
(0/734)

1.6 (1.1, 2.3) ‡

T2-T3 hallucinations 
and delusions
(n=286)

92.7%
(265/286) 

5.9%
(17/286)

0.4%
(1/286)

1.1%
(3/286)

3.4 (2.3, 5.2) ‡ a b

Table 9 – Persistence of negative psychotic symptoms in relation to combinations 
of delusions and hallucinations

supplementary tables

Sensitivity analysis 1: 
Analyses concerning the presence of multiple hallucinations or multiple delusions

Table 1. Negative symptoms and psychotic disorders and hallucinations and delusions 
(excluding those with only one symptom).

Table 10 – Help-seeking and impairment in relation to combinations of delusions 
and hallucinations

note: analyses used data in the long form with multiple observations per subject, corrected for clustering of 
observations with persons / # Numbers might not add up to 100% due to rounding / *=reference category / 
‡ p≤.001 / a= OR Hallucinations and delusions > OR only hallucinations, p<0.05 /  b= OR Hallucinations and 
delusions > OR only delusions, p<0.05

note: analyses used data in the long form with multiple observations per subject, corrected for clustering of 
observations with persons / *= Reference category / --# OR is infinite / ‡ p≤.001 / ^ p≤.05 / a= OR Hallucinations 
and delusions > OR only hallucinations, p<0.001 / b= OR Hallucinations and Delusions > OR only delusions, 
p<0.001

* Schizophrenia diagnosis multiple assessed at T2. note: analysis used data in the long format with multiple observation 
per subject. Each analysis was corrected for time. *= reference category. ‡ p≤.001. a= OR Hallucinations and delusions 
> OR multiple hallucinations, p<0.05. b= OR Hallucinations and Delusions > T2-T3 Multiple delusions, p<0.05.Help-seeking in mental health care

% (n/N)
OR (95% CI) Impairment OR (95% CI)

No positive psychotic symptoms
(n=15844)

12.9% 
(2044/15844)

1* 0.01% 
(2/15884)

--#

Only hallucinations
(n=450)

28.4% 
(128/450)

2.6 (2.1, 3.2)‡ 6.7%
(30/450)

2.0 (1.2, 3.4)^

Only delusions
(n=897)

31.1% 
(279/897)

3.1 (2.7, 3.7)‡ 3.3%
(30/897)

1*

Hallucinations and delusions
(n=345)

53%
(183/345)

7.5 (5.9, 9.6)‡ a b 23.2%
(80/345)

8.5 (5.4,13.5) a b

Negative symptoms
% (n/N)

OR (95% CI) CIDI 
Any affective OR non- 
affective psychotic  
disorder %(n/N)

OR (95% CI)

No positive
psychotic symptoms
(15792)

0.6% (98/15792) 1* 0.03% (5/15875) ….#

Multiple hallucinations
(96)

4.2% (4/96) 7.9 (4.2, 14.7)‡ 5.1% (5/98) 1* 

Multiple delusions
(241)

2.5% (6/241) 4.1 (2.2, 7.6)‡ 9.5 (23/243) 2.0 (0.9, 4.6)

Hallucinations and 
delusions
(331)

4.8% (16/331) 8.7 (7.2, 10.6)‡ 24.4 (82/336) 6.1 (3.4, 11.1) ‡a,b



Negative symptoms
% (n/N)

OR (95% CI) CIDI 
Any affective OR non- 
affective psychotic disorder
%(n/N)

OR (95% CI)

No positive
psychotic symptoms
(15698)

0.6%
(98/15698)

1* Nr Nr

Only hallucinations
(423)

1.4%
(6/423)

2.5 (1.7, 3.8)‡ Nr nr

Only delusions
(849)

1.8%
(15/849)

2.8 (1.5, 5.4)‡ Nr Nr

Hallucinations and 
delusions
(259)

2.7%
(17/259)

4.7 (1.5, 5.4)‡ b Nr nr

Sensitivity analysis 2: Analyses excluding cidi any affective or non-affective diagnosis

Table 2 – Negative symptoms and psychotic disorders and hallucinations and delusions 
(excluding diagnosis of cidi any affective or non-affective psychotic disorder).

Sensitivity analysis 1: 
Analyses concerning the presence of multiple hallucinations or multiple delusions

Table 3 – Comorbidity of affective symptoms and hallucinations and delusions (excluding 
those with only one symptom).

* Schizophrenia diagnosis only assessed at T2. 
note: analysis used data in the long format with 
multiple observation per subject. Each analysis 
was corrected for time. *= reference category. 
‡ p≤.001. a= OR Hallucinations and delusions  
> OR only hallucinations, p<0.05. b= OR Halluci-
nations and Delusions > T2-T3 Only delusions, 
p<0.05.

note: analysis used data in the long format with multiple observations per subject. Each analysis was corrected for 
time. *= reference category. ‡ p≤.0.05; a= OR Hallucinations and delusions > OR multiple hallucinations, p<0.05.  
b= OR Hallucinations and Delusions > T2-T3 Multiple delusions, p<0.01.

Depressive symptoms
Mean (SD)

OR 
(95% CI)

Manic Symptoms
Mean (SD)

OR 
(95% CI)

Depressive disorder
% (n/N)

OR 
(95% CI)

Bipolar Disorder OR 
(95% CI)

No psychotic symptoms
(n=15872)

3.2 (5.6) 1* 0.05 (0.5) 1* 8.3%
(1313/15872)

1* 0.5%
(73/15875)

1*

Multiple hallucinations
(98)

7.9 (8.9) 1.1 (1.1, 1.1) ‡ 0.6 (1.5) 1.7
(1.4, 1.9)‡

24.5%
(24/98)

3.2
(2.3, 4.3)‡

4.1%
(4/98)

8.5
(2.7, 26.6)‡

Multiple delusions
(243)

8.2 (7.8) 1.1 (1.1, 1.1) ‡ 1.0 (2.1) 1.8
(1.5, 2.3)‡

32.9%
(80/243)

5.6
(2.9, 11.0)‡

8.6%
(21/243)

20.0
(4.9, 80.7)‡

Hallucinations and delusions
(336)

11.9 (8.4) 1.2 (1.2, 1.2) ‡a,b 1.6 (2.9) 2.0
(1.6, 2.6)‡ a b

40.5%
(136/336)

7.3
(6.5, 8.2)‡ a

11.3%
(38/336)

25.5
(6.4, 101.9)‡a
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Depressive symptoms
Mean (SD)

OR 
(95% CI)

Manic Symptoms
Mean (SD)

OR 
(95% CI)

Depressive disorder
% (n/N)

OR 
(95% CI)

Bipolar Disorder OR 
(95% CI)

No psychotic symptoms
(15841)

3.1 (5.5) 1* 0.05 (0.5) 1* 8.2%
(1305/15841)

1* 0.5%
(72/15841)

1*

Only hallucinations
(431)

5.6 (7.2) 1.1 
(1.1, 1.1) ‡

0.4 (1.3) 1.5
(1.3, 1.8)‡

21.8%
(94/431)

2.9
(2.3, 3.7)‡

2.6%
(11/431)

5.3
(2.8, 9.9)‡

Only delusions
(863)

6.1 (7.2) 1.1 (1.1, 1.1) ‡ 0.5 (1.5) 1.6
(1.3, 2.0)‡

23.8%
(205/863)

3.6
(1.9, 6.7)‡

4.5%
(39/863)

10.0
(3.3, 30.1)‡

Hallucinations and delusions
(263)

9.5 (7.8) 1.2 (1.2, 1.2) ‡a,b 1.1 (2.4) 1.9
(1.5, 2.5)‡ a b

27.4%
(72/263)

4.0
(3.7, 4.4)‡ a

8.4%
(22/263)

18.7
(3.2, 107.9)‡a

Sensitivity analysis 2: Analyses excluding cidi any affective or non-affective diagnosis 

Table 4 – Comorbidity of affective symptoms and hallucinations and delusions 
(excluding diagnosis of cidi any affective or non-affective psychotic disorder).

Sensitivity analysis 1: Analyses concerning the presence of multiple hallucinations or multiple delusions

Table 5 – Substance use and hallucinations and delusions (excluding those with only one 
symptom).

note: analysis used data in the long format with multiple observations per 
subject. Each analysis was corrected for time. *= reference category. ‡ 
p≤.0.05 a= OR Hallucinations and delusions > OR only hallucinations, 
p<0.05. b= OR Hallucinations and Delusions > T2-T3 Only delusions, 
p<0.01.

Cannabis 
use at least 
once

OR (95% CI) Other 
substance use 
at least once#

OR (95% CI) Lifetime substance 
abuse/misuse
Disorder ^

OR (95% CI)

No psychotic 
symptoms
(19562)

3.8%
 (742/19562)

1* 0.7%
(131/19562)

1* 8.8%
(1389/15875)

1*

Multiple 
hallucinations
(98)

12.2%
(12/98)

4.6
(3.5, 6.0) ‡

1.0%
(1/98)

1.8
(1.5, 2.3)‡

18.4%
(18/98)

3.7
(2.2, 6.1)‡

Multiple 
delusions
(243)

11.1%
(27/243)

3.0
(1.7, 5.1) ‡

4.9%
(12/243)

7.0
(4.9,10.1)‡

23.1%
(56/243)

3.2
(1.7, 5.9)‡

Hallucinations 
and delusions
(336)

21.4%
(72/336)

7.3
(4.1, 13.2) ‡ a b

8.6%
(29/336)

13.7
(7.7, 24.3)‡ a b

35.1%
(118/336)

7.4
(5.4, 10.2)‡ a b

note: analysis used data in the long format 
with multiple observations per subject. Each 
analysis was corrected for time. # Other sub-
stances are: Psycho stimulants, cocaine, 
phencyclidine, and psychedelics were com-
bined into one group of ‘other substances’. 
^ Substances include cannabis, other sub-
stances and alcohol. *= Reference category. 
‡ p≤.001; † p≤.01. a= OR Hallucinations and 
delusions > OR multiple hallucinations, 
p<0.05. b= OR Hallucinations and Delusions 
> T2-T3 Multiple delusions, p<0.001.



Cannabis use 
at least once

OR (95% CI) Other 
substance use 
at least once#

OR (95% CI) Lifetime 
substance abuse/
misuse
Disorder ^

OR (95% CI)

No psychotic 
symptoms
(15841)

4.6%
(735/15841)

1* 0.8%
(129/15841)

1* 8.7%
(1381/15841)

1*

Only halluci 
nations
(431)

14.9%
(64/431)

3.7
(2.5, 5.5) ‡

2.8%
(12/431)

3.94
(2.3, 4.9)‡

21.4%
(92/431)

3.5
(2.4, 5.2)‡

Only delusions
(863)

13.8%
(119/863)

3.1
(2.1,.4.5) ‡

4.2%
(36/863)

4.8
(3.0,7.7)‡

19.5%
(168/863)

2.5
(1.4, 4.3)‡

Hallucinations 
and delusions
(263)

22.1%
(58/263)

6.1
(4.0, 9.5) ‡ a b

9.1%
(24/263)

12.2 
(8.8, 16.7)‡ a b

31.9%
(84/263)

6.2 
(3.8, 10.1)‡ a b

Sensitivity analysis 2: Analyses excluding cidi any affective or non-affective diagnosis 

Table 6 – Substance use and hallucinations and delusions (excluding diagnosis of cidi 
any affective or non-affective psychotic disorder).

Sensitivity analysis 1: Analyses concerning the presence of multiple hallucinations or multiple delusions

Table 7 – The relation between hallucinations and delusions and risk factors measured at T0 
(excluding those with only one symptom).

note: analysis used data in the long format with 
multiple observations per subject. Each analysis was 
corrected for time. # Other substances are: Psycho 
stimulants, cocaine, phencyclidine, and psychedelics 
were combined into one group of ‘other substances’. 
^ Substances include cannabis, other substances and 
alcohol. *= Reference category. ‡ p≤.001. a= OR 
Hallucinations and delusions > OR only hallucinations, 
p<0.05. b= OR Hallucinations and Delusions > T2-T3 
Only delusions, p<0.001.

note: analysis used data in the long format with multiple observations per subject. Each analysis was corrected 
for time. ^ note: analysis used data in the long format with multiple observations per subject. Each analysis 
was corrected for time. Family history was assessed at T1 multiple. *= Reference category. ‡ p≤.001; † p≤.01; 
a= OR Hallucinations and delusions > OR multiple hallucinations, p<0.05. b= OR Hallucinations and Delusions 
> T2-T3 Multiple delusions, p<0.01.
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Traumatic experiences
# mean (SD)

OR (95% CI) Any trauma 
% (n/N)

OR (95% CI) UrbaniCIty
% (n/N)

OR (95% CI) Family history of psychotic 
symptoms ^
% (n/N)

OR (95% CI)

No psychotic symptoms
(19562)

5.3 (2.7) 1* 12.1%
(2366/19562)

1* 38.0%
(7430/19599)

1* 5.2% (794/15296) 1* 

Multiple hallucinations
(98)

7.9 (4.7) 1.2 
(1.1, 1.2)‡

35.7%
(35/98)

3.7
(2.1, 6.6)‡

42.9%
(42/98)

1.2‡
(1.1, 1.4) 

10.8%
(9/83)

2.1 (0.8, 5.9)

Multiple delusions
(243)

6.9 (4.1) 1.1
 (1.1, 1.2)‡

29.2%
(71/243)

3.1
(2.8, 3.5)‡

39.5%
 (96/243)

1.0
(0.8, 1.3) 

10.5% 
(20/190)

2.2 (1.7, 2.8) ‡

Hallucinations and delusions
(336)

9.1 (5.3) 1.2
 (1.2, 1.3‡ a b

46.13%
(155/336)

6.3
(5.7, 6.9) ‡a b

55.1%
(185/336)

1.9
(1.7, 2.2) ‡a, b

16.5% 
(44/267)

3.6
 (3.2, 4.1)‡,b
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Sensitivity analysis 2: Analyses excluding cidi any affective or non-affective diagnosis

Table 8 – The relation between hallucinations and delusions and risk factors measured at 
T0 (excluding diagnosis of cidi any affective or non-affective psychotic disorder).

Sensitivity analysis 1: Analyses concerning the presence of multiple hallucinations or multiple delusions

Table 9 – Persistence of positive symptoms (excluding those with only one symptom).

note: analysis used data in the 
long format with multiple obser-
vations per subject. Each analysis 
was corrected for time. ^ note: 
analysis used data in the long 
format with multiple observa-
tions per subject. Each analysis 
was corrected for time. Family 
history was assessed at T1 only. 
*= Reference category. ‡ p≤.001; 
† p≤.01; a= OR Hallucinations 
and delusions > OR only halluci-
nations, p<0.001. b= OR Halluci-
nations and Delusions > T2-T3 
Only delusions, p<0.01

Traumatic experiences
# mean (SD)

OR (95% CI) Any trauma 
% (n/N)

OR (95% CI) Urbanicity
% (n/N)

OR (95% CI) Family history of 
psychotic symptoms ^
% (n/N)

OR (95% CI)

No psychotic symptoms
(15841)

5.2 (2.6) 1* 11.7%
(1846/15841)

1* 37.2%
(5892/15841)

1* 5.2% (745/14465) 1* 

Only hallucinations
(431)

6.9 (3.9) 1.2 
(1.1, 1.2)‡

27.2%
(117/431)

2.8
(1.9, 4.0)‡

50.1%
(216/431)

1.7
(1.5, 1.8) ‡

9.8%
(35/359)

2.0 (1.4, 2.8) ‡

Only delusions
(863)

6.3 (3.5) 1.1
 (1.1, 1.1)‡

22.9%
(198/863)

2.3
(2.2, 2.5)‡

42.8%
 (369/863)

1.2 
(1.1, 1.4) † 

7.5% 
(52/698)

1.5 (1.2, 1.8) ‡

Hallucinations and delusions
(263)

9.1 (5.3) 1.2
 (1.2, 1.2)‡ a b

39.5%
(104/263)

5.0
(3.8, 6.5) ‡a b

53.6%
(141/263)

1.9
(1.6, 2.2) ‡b

13.7 
(29/212)

2.9
 (1.7, 4.9)‡b 

Persistence of positive symptoms T0-T3
%(n,N)

Never                          Once                        Twice                      Thrice

OR (95% CI)

No psychotic symptoms
(15615)

88.0%
(13743/15615) 

10.7%
(1677/15651)

1.2%
(193/15615)

0.01%
(2/15615)

#

Multiple hallucinations
(85)

0%
(0/85)

44.7%
(38/85)

25.9%
(22/85)

29.4%
(25/85)

1.6 (0.9, 2.6)

Multiple delusions
(195)

0%
(0/195) 

60.0%
(117/195)

31.3%
(61/195)

8.7%
(17/195)

1*

Hallucinations and delusions
(280)

0%
(0/220) 

33.2%
(93/280)

33.6%
(94/280)

33.2%
(93/280)

1.9 (1.5, 2.4)‡ b

* Numbers might not add up to 100% due 
to rounding. note: analysis used data in the 
long format with multiple observations per 
subject. Each analysis was corrected for time. 
*= Reference category. ‡ p≤.0.001, †=p≤ 0.01 
a= OR Hallucinations and delusions > OR 
multiple hallucinations, p<0.001. b= OR 
Hallucinations and Delusions > T2-T3 Multiple 
delusions, p<0.001
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Persistence of negative symptoms T0-T3
%(n,N)

Never                          Once                        Twice                      Thrice

OR (95% CI)

No psychotic symptoms
(15566)

98.4%
(15321/15566) 

1.3%
(203/15566)

0.3%
(42/15566)

0.0%
(0/15566)

1*

T2-T3 multiple hallucinations
(84)

96.4%
(81/84)

3.6%
(3/84)

0.0%
(0/84)

0.0%
(0/84)

1.8
 (1.0, 3.0) †

T2-T3 multiple delusions
(195)

96.4%
(188/195) 

3.6%
(7/195)

0.0%
(0/195)

0.0%
(0/195)

1.7
(1.4, 2.0) ‡

T2-T3 hallucinations and 
delusions (279)

92.5%
(258/279) 

7.1%
(17/279)

0.4%
(1/279)

1.1%
(3/279)

3.3
(2.8, 3.9) ‡

Sensitivity analysis 2: Analyses excluding cidi any affective or non-affective diagnosis 

Table 10 – Persistence of negative psychotic symptoms (excluding those with only 
one symptom).

Sensitivity analysis 1: Analyses concerning the presence of multiple hallucinations or multiple delusions

Table 11 – Persistence of positive symptoms (excluding those with only one symptom).

note: analysis used data in the long format with multiple observations per subject. Each analysis was corrected for 
time. *=reference category. ‡ p≤.001; † p≤.05. a= OR Hallucinations and delusions > OR multiple hallucinations, 
p<0.05. b= OR Hallucinations and Delusions > T2-T3 Multiple delusions, p<0.05.

Persistence of positive symptoms T0-T3
%(n,N)

Never                         Once                       Twice                     Thrice

OR (95% CI)

No psychotic symptoms 
(14717)

88.8%
(13069/14717) 

10.2%
(1504/14717)

1.0%
(144/14717)

0%
(0/14717)

0.03

Only hallucinations 
(370)

0%
(0/370)

59.2%
(219/370)

26.0%
(96/370)

14.9%
(55/370)

1.3 (1.1, 1.5) ‡

Only delusions 
(710)

0%
(0/710) 

68.1%
(484/710)

25.2%
(179/710)

6.6%
(47/710)

1*

Hallucinations and delusions 
(220)

0%
(0/220) 

35.%
(77/220)

33.6%
(74/220)

31.4%
(69/220)

2.4 (2.4, 2.5)‡ ab

* Numbers might not add up to 100% due to rounding. note: analysis used data in the long format with multiple 
observations per subject. Each analysis was corrected for time. *= Reference category. ‡ p≤.0.001, †=p≤ 0.01 a= OR 
Hallucinations and delusions > OR only hallucinations, p<0.001. b= OR Hallucinations and Delusions > T2-T3 Only 
delusions, p<0.001
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Persistence of negative symptoms T0-T3
%(n,N)

Never                          Once                        Twice                      Thrice

OR (95% CI)

No psychotic symptoms
(14681)

98.5%
(14464/14681) 

1.2%
(182/14681)

0.3%
(37/14681)

0.0%
(0/14683)

1*

T2-T3 only hallucinations
(368)

98.4%
(362/368)

2.6%
(6/368)

0.0%
(0/368)

0.0%
(0/368)

1.0
 (0.8, 1.3)

T2-T3 only delusions
(708)

97.6%
(691/708) 

1.8%
(13/708)

0.6%
(4/708)

0.0%
(0/708)

1.5
(1.4, 1.6) ‡

T2-T3 hallucinations and 
delusions (219)

95.4%
(209/219) 

4.1%
(9/219)

0.5%
(1/219)

0.0%
(3/219)

2.3
(1.2, 4.3) ‡

Sensitivity analysis 2: Analyses excluding cidi any affective or non-affective diagnosis 

Table 12 – Persistence of negative psychotic symptoms (excluding diagnosis of cidi any 
affective or non-affective psychotic disorder).

Sensitivity analysis 2: Analyses excluding cidi any affective or non-affective diagnosis 

Table 14 – Help-seeking and impairment and hallucinations and delusions (excluding  
diagnosis of cidi any affective or non-affective psychotic disorder).

Sensitivity analysis 1: Analyses concerning the presence of multiple hallucinations or multiple delusions

Table 13 – Help-seeking and impairment and hallucinations and delusions (excluding those 
with only one symptom).

note: analysis used data in the long format with multiple observations per subject. Each analysis was corrected for time. 
*=reference category. ‡ p≤.001; † p≤.01. a= OR Hallucinations and delusions > OR only hallucinations, p<0.05. b= OR  
Hallucinations and Delusions > T2-T3 Only delusions, p<0.05.

note: analysis used data in the long format with multiple observations per subject. Each analysis was corrected for time. 
*= Reference category. ‡ p≤.001; † p≤.05;. a= OR Hallucinations and delusions > OR multiple hallucinations, p<0.05. b= 
OR Hallucinations and Delusions > T2-T3 Multiple delusions, p<0.00

Help-seeking in 
mental health care
% (n/N)

OR (95% CI) Impairment OR (95% CI)

No positive psychotic 
symptoms (15870)

13.0% 
(2059/16875)

1* 0.04% 
(7/15870)

--#

Multiple hallucinations (98) 35.7% 
(35/98)

3.4 (1.7, 6.5)‡ 15.3%
(15/98)

2.2 (0.9, 5.5)

Multiple delusions (243) 37.0% 
(90/243)

4.1 (2.3, 7.3)‡ 7.0%
(17/243)

1*

Hallucinations and delusions (336) 53.3%
(179/336)

7.5 (5.3, 10.7)‡ a b 23.5%
(79/336)

4.0 (2.5,6.4) ‡ a b

Help-seeking in 
mental health care
% (n/N)

OR (95% CI) Impairment OR (95% CI)

No positive psychotic 
symptoms
(15841)

12.9% 
(2041/15841)

1* 0.01% 
(1/15840)

--#

Only hallucinations
(431)

26.2% 
(113/431)

2.3 (1.7, 3.2)‡ 4.9%
(21/431)

2.3 (1.2, 4.6)†

Only delusions
(863)

29.2% 
(252/863)

2.9 (1.8, 4.6)‡ 2.1%
(18/863)

1*

Hallucinations and delusions
(263)

44.9%
(118/263)

5.4 (3.3, 8.8)‡ a b 14.5%
(38/263)

7.7 (5.6,10.7) a b

note: analysis used data in the long format with multiple observations per subject. Each analysis was corrected 
for time. *= Reference category. ‡ p≤.001; † p≤.05;. a= OR Hallucinations and delusions > OR only hallucinations, 
p<0.001. b= OR Hallucinations and Delusions > T2-T3 Only delusions, p<0.00
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abstract

Background
Relational models of psychopathology propose that symptoms are dynamically 
connected, and hypothesize that genetic and environmental influences mod-
erate the strength of these symptom connections. Previous findings suggest 
that the interplay between hallucinations and delusions may play a crucial role 
in the development of psychotic disorder. The current study examined whether 
the connection between hallucinations and delusions is impacted by proxy 
genetic and environmental risk factors.

Methods
Hallucinations and delusions at baseline and at 3-year follow-up were assessed 
in a sample of 1054 healthy siblings of patients with psychosis, 918 of their 
parents (familial psychosis risk) and in 589 healthy controls (no familial psy-
chosis risk). Environmental factors assessed were cannabis use, childhood 
trauma, and urbanicity ≤15 years. Logistic regression analyses tested whether 
psychosis risk was associated with increased risk of delusions, given presence 
of hallucinations. Moderating effects of environmental factors on the halluci-
nation-delusion association were tested in a similar fashion, restricted to the 
control and sibling group.

Results
The risk of delusions, given hallucinations, was associated with proxy genetic 
risk: 53% in parents, 47% in siblings, and 36% in controls. The hallucination- 
delusion association was stronger in those reporting cannabis use (risk  
difference: 32%), childhood trauma (risk difference: 15%) and urbanicity (risk 
difference: 14%), although not all associations were statistically conclusive 
(respectively: p=0.037; p=0.054; p= 0.357).

Conclusion
The strength of the connection between delusions and hallucinations is  
associated with familial and environmental risks for psychotic disorder,  
suggesting that aetiology for psychotic disorder is mediated through symptom 
connections in the psychopathology circuit.

introduction

General population studies have shown that the rate of psychotic experiences 
in the general population is around 8%1, indexing behavioural expression of 
under  lying psychosis liability. The relative risk for transition to clinical psy-
chotic dis   order, given presence of baseline subthreshold psychotic experienc-
es, is around 3.5, however the yearly risk for clinical transition is low at less 
than 1%2. 

Research has indicated that risk for transition may be related to dynamic 
relationships between subthreshold symptoms3, consistent with the proposal 
that psychopathology can be modelled as a network of mutually impacting and 
connected symptoms and experiences4-6. Thus, associations between subthres-
hold psychotic experiences on the one hand, and symptoms of anxiety and depres-
sion, as well as negative symptoms, on the other, impact on the probability of 
transition to clinical psychotic disorder7-9. In addition, psychotic experiences 
impact on themselves over time, showing more or less persistence, more per-
sistence being associated with greater probability of clinical transition10. 

A relatively novel area in empirical models of symptom connections in -
volves the interplay between hallucinations and delusions in the early stages 
of psychosis. This is of particular interest, given theories on how initial hallu-
cinatory experiences may give rise to secondary delusional ideation, as described 
in the theories of Maher on anomalous perceptual experiences11 and Kapur on 
aberrant salience12. Both theories share the notion that delusions are formed 
as an explanation for perceptual alterations, thus appearing secondarily to hal-
lucinations. As secondary delusional formation takes place, this leads to in -
creased symptom severity and likelihood of clinical transition11, 12. Many mod-
els have, at least partly, adopted the notion that delusions combine with 
hallucinations in the early stages of psychosis13-18. 

The association between subthreshold hallucinatory and delusional experi-
ences has recently been object of empirical analysis. One general population 
study distinguishing between groups reporting (i) no psychotic experiences, 
(ii) only hallucinations, (iii) only delusions and (iv) both hallucinations and 
delusions, found that having both symptoms, as opposed to having either one 
in isolation, resulted in increased symptom severity and persistence, as well as 
increased risk of clinical outcome and need for care19. This finding was repli-
cated in two general population studies20,21, as well as a study from the World 
Health Organization22. Further findings from these studies indicated that com-
bined hallucinations and delusions, as opposed to either symptom in isolation, 
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are associated with (i) greater environmental etiological load (childhood trauma, 
cannabis use, urbanicity)19, 20, 22, (ii) familial liability to psychosis19, 20 and (iii) 
affective dysregulation19, 20, 22, all known risk factors for psychotic disorder9, 23-25. 
These findings are compatible with suggestions that hallucinations and delu-
sions are dynamically associated, giving rise to a ‘hallucinatory-delusional’ state 
in which hallucinations and delusions are connected under the influence of 
environmental risks, affective dysregulation and familial liability, increasing 
probability of need for care and clinical outcome.

Further evidence for the importance of an early ‘hallucinatory-delusional’ 
state comes from studies focusing on the sequence in which symptoms arise. 
A virtual reality study investigated which factors (intellectual functioning, emo-
tional processes, reasoning styles, social factors, and anomalous perceptual 
experiences) were predictive of increased levels of state anxiety and paranoia in 
healthy controls26. Findings showed that the only specific predictor for state para-
noia was proneness to anomalous perceptual experiences 26, indicating that hal-
lucination proneness is predictive of paranoid ideation in healthy controls. 
These results are further underscored by two studies in children, showing that 
baseline hallucinations predict development of delusions over follow up27, 28. 
Similar effects were found for adults in a general population longitudinal study, 
indicating that baseline hallucinatory experiences, when complicated by delu-
sions at follow-up, resulted in increased risk for clinical psychosis, as compared 
to baseline hallucinations without subsequent delusional ideation29. These find-
ings suggest that the pathway from hallucinatory experiences to clinical psy-
chosis may be mediated, at least in part, by secondary delusional formation. 

Given the fact that clustering of hallucinations and delusions in the general 
population is associated with familial risk for psychosis19, 20, the current study 
aimed to investigate the influence of familial liability on symptom clustering 
in more detail in a sample with increased genetic risk for psychosis. Data from 
the Genetic Risk and Outcome of Psychosis (group)30 study were used, in -
cluding healthy siblings of affected families (hereafter: healthy siblings oaf), 
their parents and healthy controls. Sibling data may be of particular relevance 
as studies have shown that siblings are at increased risk of psychosis31, 32 and 
display higher rates of schizotypal traits33-36, suggesting increased expression 
of familial liability to psychosis. Furthermore, siblings share 50% of their genes 
and part of any environmental exposure with patients, but are relatively free of 
illness-related effects. It was hypothesized that controls would exhibit the low-
est rates of co-occurring hallucinations and delusions and that healthy siblings 
oaf and parents, having increased genetic risk, would show higher rates of 
clustering. 

In addition, following previous findings that hallucinations and delusions 
become connected under the influence of environmental factors19, 20, 22, it was 
investigated whether environmental factors (growing up in an urban environ-
ment, childhood trauma and cannabis use) moderate the strength of the con-
nection between hallucinations and delusions.

methods

Data pertain to baseline (T0) and follow-up (T1) measurements of an ongoing 
longitudinal study (group) in the Netherlands and Belgium including 
patients, their parents, their healthy siblings and a group of healthy controls. 
In selected representative geographical areas, patients were identified through 
representative clinicians whose caseload was screened for inclusion criteria. 
Subsequently, a group of patients presenting consecutively at these services 
either as out- or inpatients were recruited for the study. Controls were selected 
through a system of random mailings to addresses in the catchment areas of 
the cases. The baseline sample and the sampling procedure have been described 
in detail previously30. Baseline inclusion criteria for the patient group were (i) 
age between 16 and 60 years, (ii) mastery of the Dutch language, (iii) the 
ability and willingness to sign informed consent, (iv) a diagnosis of non-affec-
tive psychosis based on the Comprehensive Assessment of Symptoms and 
History Interview (cash)37. The following additional criteria were used for the 
control and healthy siblings oaf group; (i) no lifetime history of any psychotic 
disorder (healthy siblings oaf and controls) and (ii) no first-degree relative 
with any lifetime psychotic disorder (controls only). The T1 measurements were 
carried out 2.9 years after baseline with the exception of parental measurements, 
as parents were only assessed at baseline. At both T0 and T1 instruments 
regarding symptoms, diagnosis and environmental risk were administered. 
The project was approved by the local Ethical Committee and all participants 
gave written informed consent prior to participating in the study.

The full group sample at T0 comprised 1119 patients with non-affective 
psychosis, 1057 healthy siblings oaf, 919 parents, and 589 unrelated healthy 
controls. In the current analyses, only data from the control, healthy sibling 
oaf and parent groups was used. Participants from one site, which did not use 
the Comprehensive Assessment of Symptoms and History interview37(cash) 
to assess psychotic symptoms, were excluded from the analyses. 
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Measurements
The Comprehensive Assessment of Symptoms and History
The cash37 sections assessing delusions (section 6) and hallucinations (section 
7) were used to assess individual psychotic symptoms and diagnoses based on 
the criteria of the dsm-iv38 at T0 (lifetime version) and at T1 (T0-T1 interval 
version). At baseline (T0) lifetime symptoms were assessed dichotomously (0: 
‘absent’, 1: ‘present’); current symptoms (i.e., symptoms in the past month) 
were rated on a 5-point scale (0: ‘absent’ through 5: ‘severe symptom’). At fol-
low-up (T1) both lifetime and current symptoms were assessed dichotomously 
(0: ‘absent’, 1: ‘present’) for the time interval between the T0 and T1 interview. 
Trained research assistants administered all interviews and diagnoses were 
assessed in consensus meetings chaired by a consultant psychiatrist. 

Hallucinations
The cash hallucinations section (section 7) was used to assess the presence (1) 
or absence (0) of visual, auditory, olfactory and somatic hallucinations at both 
the T0 and T1 interview. Dichotomous measures were created indicating the 
reported presence (1) or absence (0) of hallucinations at baseline (hereafter any 
baseline hallucination(s) as measured by the T0 lifetime version of the cash), 
and at follow-up (i.e., any T1 hallucination(s)). A variable combining the infor-
mation from both the T0 and T1 interview was created to indicate presence of 
any hallucination(s) (0: ‘no hallucinations at baseline or at T1’, 1: ‘any halluci-
nation(s) at baseline and/or at T1’). 

Delusions
cash delusion items (section 6) included the following types of delusions: 
persecution, jealousy, guilt, grandiosity, religious, somatic, ideas of refer-
ence, being controlled by an external force, being able to read other persons’ 
thoughts, thoughts being read by others or thought broadcasting and thoughts 
being inserted or withdrawn by an external source. Each item was assessed 
individually, and an overall score representing absence (0) or presence (1) for 
any baseline delusion(s) (T0) and any T1 delusion(s) (T1) was created. Again, a 
variable representing presence of any delusion(s) was created by combining scores 
of any baseline delusion(s) and any T1 delusion(s) (0: ’absent’, 1: ‘present’).

Environmental Factors
Urbanicity
Urbanicity before the age of 15 years was obtained via a questionnaire which 
inquired about each home address before the age of 15. For each reported 

address a population density record was calculated with the aid of historical 
population density records. Next, the average population density over the peri-
od 0-14 years of age was calculated in accordance with the Dutch cbs urbani-
city rating (1=<500/km2; 2=500-1000/km2; 3=1000-1500/km2; 4=1500-2500/
km2; 5=2500+/km2), as described in more detail elsewhere39-41. A median split 
in the healthy control group data was used to indicate above (1) or below (0) 
average exposure to urbanicity before the age of 15 years.

Childhood Trauma
The variable for Childhood trauma was constructed with the Childhood Trauma 
Questionnaire – Short Form (ctq-sf; Dutch version)42, 43, measuring exposure 
to physical, emotional and sexual abuse, and physical and emotional neglect 
during childhood. Each item was rated on a 5-point scale (0: ‘never true’, 5: 
‘very often true’). A mean item score was calculated for the cfq-sf after which 
the median split based on control group data was used to divide the groups in 
high (1) and low childhood trauma exposure (0). 

Cannabis
At baseline, recent cannabis use was measured by urine analysis by the National 
Alcohol and Drug Use Jellinek Laboratory in the Netherlands. The cut-off level 
used to determine cannabis use as present or absent was 50 ng/ml. A measure 
for recent cannabis use was created (negative, 0: ‘absent’; positive, 1: ‘present’).

analyses

All analyses were conducted in stata version 1144 with group data release ver-
sion 3.02. The variable Group had three levels and was coded as 0 (controls), 1 
(healthy siblings oaf) and 2 (parents). Data was analyzed in the ‘long format’ 
with each subject contributing 2 (T0 and T1) observations to the analysis, con-
form previous work in this area 19, 20, except for parents, who were only assessed 
at T0. Since there were multiple observations per subject, and some families 
contributed more than one relative, all analyses were controlled for clustering 
of data at both the family and the subject level.

– hypothesis i: Do hallucinations and delusions co-occur and is this 
association stronger for those with higher familial psychosis risk?
The co-occurrence of hallucinations and delusions was assessed by calculating 

104 chapter 4 105



the proportion with any delusion(s) per group (0=controls, 1=siblings, 2=par-
ents), given the presence or absence of hallucinations. 

Multilevel logistic regression analyses using the xtmelogit command in 
stata, were conducted to test whether the risk of having delusions (dependent 
variable) was greater for individuals with compared to those without hallucina-
tions (independent variable). To investigate whether familial risk for psychosis 
(as defined by group) moderated the strength of the connection between hallu-
cinations and delusions, three different regression analyses were carried out, 
each analysis comparing two levels of group (i.e. controls versus siblings, con-
trols versus parents and siblings versus parents). The hallucination x group 
interaction was tested with the aid of the dummy variable ‘group*hallucination’, 
which was constructed as follows. The variable any hallucination(s) had two 
levels (0: ‘absent’, 1: ‘present’), the group variable had three levels (0:‘control’, 
1:‘healthy sibs oaf’ and 2:‘parent’). To investigate the interaction between group 
and any hallucination(s), a four-level ‘group*hallucination’ variable was created, 
reflecting group status (two levels of group per analysis) and presence (1) or 
absence (0) of hallucinations (variable coding Level 1: 0-0, group with lower 
genetic risk, no hallucination(s); Level 2: 0-1, group with lower genetic risk, 
any hallucination(s); Level 3: 1-0, group with higher genetic risk, no hallucina-
tion(s); Level 4: 1-1, group with higher genetic risk, any hallucination(s)). For 
each analysis, comparing two groups, the group*hallucination was entered in a 
multilevel logistic regression model where group*hallucination was a predictor 
for any delusion(s). Chi Squares (χ2) were available for each level of group*hal-
lucination, with Level 1 as reference category. For each logistic regression anal-
ysis, a post-estimation Level 2 versus Level 4 comparison was made to assess the 
effect of higher genetic risk on the co-occurrence of delusions, given the pres-
ence of hallucinations. Post-estimations comparing Level 1 versus Level 2 and 
comparing Level 3 versus Level 4 were done to establish the effect of presence 
of any hallucination(s) on any delusion(s) within groups. All possible group -
comparisons were made, and assessed with the lincom command in stata. 
All analyses were controlled for age, sex and clustering of observations at the 
family- and subject-level.

– hypothesis ii: Do environmental factors moderate the strength of the 
connection between hallucinations and delusions? 
The analysis investigating whether the strength of the connection between 
hallucinations and delusions was moderated by the selected environmental 
factors was carried out in the control and healthy siblings oaf data only, since 
environmental data in the parent group was not assessed consistently, and 

therefore incomplete. Multilevel logistic regression models assessed the effect 
of hallucinations and environmental factors on delusion occurrence. The 
model included any hallucination(s) (at either T0 or T1), together with the 
investigated environmental risk factor (respectively urbanicity, childhood trauma 
and recent cannabis use) and tested the interaction between any hallucination(s) 
and the environmental factor, with any delusion(s) as outcome variable. The 
interaction between any hallucination(s)s and the environmental factors were 
tested in a similar fashion as described for the first hypothesis. For each envi-
ronmental exposure a dummy variable was created (hallucination*urbanicity, 
hallucination*trauma and hallucination*cannabis). Each of these variables con-
tained four levels (Level 1: 0-0, no hallucination(s), environmental risk factor 
absent; Level 2: 1-0, any hallucination(s), environmental risk factor absent; 
Level 3: 0-1, no hallucination(s), environmental risk factor present; Level 4: 1-1, 
any hallucination(s), environmental risk factor present). Chi Squares (χ2) were 
available for each level of the any hallucination(s) and environmental exposure 
interaction, with Level 1 as reference category. For each analysis, Level 2 versus 
4 comparisons were made in order to assess the effect of the environmental 
exposure and co-occurrence of delusions given the presence of hallucinations. 
All analyses were controlled for age, sex, and clustering of observations within 
families and subjects.

results

Sample
The T0 sample consisted of 1057 healthy siblings oaf, 919 parents, and 589 
unrelated healthy controls. The T1 sample included 810 healthy siblings oaf 
and 462 controls. Follow-up rates for the healthy siblings oaf and the control 
groups were respectively 76.6% and 78.4%. Mean time to follow-up was 2.9 
years. Descriptive statistics of the sample are given in Table 1. At both time 
points, controls were more likely to be older, white, female and of higher edu-
cational level than healthy siblings oaf. Participants who completed both T0 
and T1 measurements, on average, had a higher educational level and more 
often were white than those who only participated at T0.

The number of individuals with valid cash data at baseline was 1942, who 
over baseline and follow-up contributed a total of 2598 observations (764 in 
controls, 1165 in healthy siblings oaf and 669 in parents).
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– hypothesis i: Do hallucinations and delusions co-occur and is this 
association stronger for those with higher psychosis risk?
First, co-occurrence rates for hallucinations and delusions were investigated per 
group. In the control group 92.0% (n=703) reported no psychotic symptoms, 
4.3% (n=33) reported only delusions, 2.4% (n=18) reported only hallucinations 
and 1.3% (n=10) reported both. In the healthy siblings oaf group, 86.3% 
(n=1005) reported no symptoms, 7.0% (n=82) reported only delusions, 3.5% 
(n=41) reported only hallucination(s) and 3.2% (n=37) reported hallucinations 
as well as delusions. For parents, this was respectively 88.0% (n=589), 6.6% 
(n=44), 2.5% (n=17) and 2.8% (n=19). 

Second, it was investigated whether reporting any delusion(s) differed as a 
function of presence or absence of any hallucination(s) (i.e., reporting only delu-
sions versus clustering of delusions and hallucinations). The results showed 
that for controls, siblings and parents, the probability of reporting delusions 
given the presence of any hallucination(s) was higher as compared to absence 
of hallucinations (Table 2). 

No significant differences were found in the occurrence of any delusion(s) 
between the healthy controls, healthy siblings oaf and parent group, given 
absence of any hallucination(s). However, the probability of reporting any delu-
sion(s), given the presence of any hallucination(s) was stronger for groups with 
increased psychosis risk (Fig. 1). The regression analyses investigating the effect 
of hallucinations and proxy genetic risk level on delusions showed that par-
ents had an increased probability of delusions, given presence of hallucinations, 
compared to controls (χ2=6.4, p=0.011), but not to healthy siblings oaf (χ2=3.5, 
p=0.063). The difference in probability of delusions, given presence of hallu-
cinations, between healthy siblings oaf and controls was directionally similar 
to that observed in the parent group (Fig. 1), albeit statistically inconclusive 
(χ2=0.7, p=0.42). 

– hypothesis ii: Do environmental factors moderate the strength of the 
connection between hallucinations and delusions? 
The multilevel logistic regression models testing the interaction between pres-
ence of any hallucination(s) and each of the three environmental factors (i.e., 
recent cannabis use, urbanicity, and childhood trauma) in the model of any 
delusion (for results see Table 3) showed associations in the expected direction 
(i.e., stronger association between hallucinations and delusions in the exposed 
versus non-exposed groups). The moderating effect was significant or border-
line significant for cannabis use (p=0.037) and childhood trauma (p=0.054), 
but not for urbanicity (p=0.357). 

discussion

Findings
The results of the current study replicate, in a sibling and parent sample of 
affected families, the finding that hallucinations and delusions cluster more 
often than would be expected by chance, consistent with earlier findings in the 
general population19-22, 45. In addition, the findings support the hypothesis that 
the probability of delusional ideation, given perceptual abnormalities, increases 
with proxy genetic and environmental risk factors for psychotic disorder. Al -
though not all reported differences were statistically conclusive, the pattern of 
the results nevertheless was consistent and in agreement with previous work19, 20. 
Healthy siblings of patients, more than parents, may answer defensively to ques-
tions about psychopathology46, 47. Additionally, the healthy siblings oaf who 
took part in the study may have represented the group of siblings with relative-
ly low expression of psychotic experiences. These factors may have resulted in 
a degree of underestimation of the association between hallucinations and 
delusions in this group. Therefore, the addition of a large sample of parents in 
the current study can be considered a strength.

The data suggest that perceptual abnormalities may only predict clinical 
psychotic disorder when they become connected with delusional ideation. This 
finding agrees with recent findings that presynaptic dopaminergic abnormal-
ities associated with psychotic disorder are not present in healthy individuals 
reporting auditory hallucinations48, but rather that dopaminergic abnormali-
ties appear as early psychosis progresses to the clinical state49. We there  fore 
suggest that dopaminergic alterations reflect progressive alteration of mean-
ing and delusional interpretation attached to early perceptual abnormalities, 
representing a crucial deepening of the psychotic state and predicting clinical 
needs.

The findings potentially shed light on how aetiological factors impact on 
the transition from isolated perceptual abnormalities to a more complex psy-
chotic state that puts individuals at risk for clinical needs. A relational model 
of psychopathology refers to the fact that symptoms are differentially associat-
ed with each other, and that associations between symptoms and their level of 
persistence 50, change over time as psychopathology grows more severe 51, pre-
dicting onset of clinical needs52. The current findings, in combination with 
previous work, suggest that a crucial element in the relational model of psy-
chotic psychopathology is the connection between perceptual abnormalities 
and delusional ideation, and proxy genetic and environmental risk factors for 
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psychotic disorders impacting by moderating the connection strength between 
these two symptoms. This potentially opens the way to study mechanisms of 
psychopathology in relation to aetiology, complementing the classical case- 
control paradigm of aetiology that, while productive, does not inform on 
mechanisms.

Methodological considerations for future studies
The following methodological issues should be taken into consideration for 
future studies. The current study found lower rates of clustering of hallucina-
tions and delusions in the healthy controls (1.3%) than previous studies, which 
reported clustering in 2.0%-2.5% in general population samples19, 20, 22. As a 
recent review found strong evidence that assessment type accounts for a large 
part of the variability in rates of psychotic experiences between studies1, the 
different rates of co-occurrence likely reflect differences in assessment meth-
ods between the current study, using structured clinical interview, and previ-
ous studies, which were all based on the Composite International Diagnostic 
Interview19-21, 53. Studies of relational models of psychopathology in psychosis 
can be usefully combined with neuroimaging paradigms in order to test to 
what degree the mechanism of progressive connection between perceptual 
alterations with delusional ideation is associated with underlying changes in 
biology, for example presynaptic dopaminergic changes.
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*p<0.05. Data were in the ‘long format’, except for parent data (T0 only). Hallucination – = ‘no  
hallucination(s)’, hallucination + = ‘any hallucination’. Grey bars represent the proportion of  
individuals reporting delusions in the absence of hallucinations; black bars the proportion of  
individuals reporting delusions in the presence of any hallucination. Analyses controlled for age, 
sex and clustering of observations at subject- and family level.

1 Education: no/primary: no or only primary school, lower secondary education: LBO/HH/LHNO/VBO, MAVO/VMBO, 
lower secondary education: MBO, higher secondary education: HAVO, VW0, HBO and University. 
2 Other diagnoses include cognitive disorder, developmental disorder, anorexia and adjustment disorder. 
3 T0 sample differs significantly from T1 sample (p<0.05). a Control group differs from healthy siblings 
OAF group at T0 (p<0.05). b Control group differs from healthy siblings OAF group at T1 (p<0.05).112 chapter 4 113

Figure 1 – Multilevel logistic regression analyses of the probability of  
delusional ideation as a function of hallucinations, showing differences  
in the strength of the connection between delusions and hallucinations 
across 3 groups with variable psychosis risk 

Table 1 – Descriptive statistics of the group sample at baseline and follow-up.
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controls     siblings     parents

4,5
7,5 7

35,7

hallucination –

hallucination +

47,4
52,8

*

T0 T1

Parents (n=918) Siblings (n=1054) Controls (n=589) Siblings (n=810) Controls (n=462) 

Mean age (sd) 54.8 (6.8) 27.8 (8.3) 30.4a
(10.6)

30.5 (7.9) 34.2
(10.6)b

Male sex 42.6% (n=391) 45.6% (n=481) 45.7% (n=269) 44.3% (n=359) 43.8% (n=202)

Education1,3

No education/  
primary school

5.4% 
(n=16)

7.4% (n=285) 2.7%
(n=16)

1.6%
(n=13) 

0.2%
(n=1)

Lower (secondary/ 
vocational) education

47% (n=432) 41.4% (n=438) 30.2% (n=178) 39% (n=316) 28.4%
(n=131)

Higher vocational  
education

6.6% (n=61) 19.8% (n=209) 31.6% (n=186) 16.3% (n=132) 19.7%
(n=91)

Higher (secondary)  
education

34.7% (n=319) 29.3% (n=309) 35.1% (n=207) 42.6% (n=345) 51.5%
(n=238)

Unknown 6.2% (n=57) 2.2% (n=23) 0.3% (n=2) a 0.5% (n=4) 0.2% (n=1)b

Ethnic group3

White 88.3% (n=811) 83.% (n=877) 90.0% (n=530) 86.8% (n=703) 91.1% (n=421)

Other 11.8% (n=108) 17% (n=180) 10.0% (n=59)a 13.2% (n=107) 8.9% 
(n=41)b

Diagnosis2

Schizophrenia 0% (n=0) 0% (n=0) 0% (n=0) 0.7% (n=6) 0% (n=0)

Other Psychosis 0% (n=0) 0%  (n=0) 0% (n=0) 0.3 (n=2) 0% (n=0)

Mood disorders 18.8% (n=173) 11.7% (n=124) 8.7% (n=51) 17.5% (n=142) 13% (n=60)

Substance abuse/ 
dependence

0.1% (n=1) 0.3% (n=3) 0% (n=0) 0.1% (n=1) 0.2% (n=1)

Anxiety disorders 0.5% (n=5) 0% (n=0) 0.2% (n=1) 0.6% (n=5) 0.4% (n=2)

Personality disorders 0% (n=0) 0.2% (n=2) 0% (n=0) 0.1% (n=1) 0% (n=0)

Other diagnosis 0.1% (n=1) 0.7% (n=7) 0.3% (n=2) 1% (n=8) 0.2% (n=1)

Postponed diagnosis 0.1 (n=1) 0.5% (n=5) 0.5% (n=3) 0.3% (n=2) 0.9% (n=4)

No diagnosis 80.3% (n=738) 86.7% (n=916) 89.8 (n=532) 79.4% (n=643) 84.9% (n=392)

Missing 0 0 0 0 0% (n=0)



Group n* Proportion 
reporting any 
hallucination 
(%, n)

Proportion 
reporting delusions 
given absence of 
hallucinations 
(%, n)

Proportion 
reporting delusions 
given presence of 
hallucinations 
(%,n)

Difference Association χ2, p#

Controls 764 3.7% (28) 4.5% (33) 35.7% (10) 31.2% χ2=22.71, p<0.001

Siblings 1165 6.7% (78) 7.5% (82) 47.4% (37) 39.9% χ2=28.66, p<0.001

Parents 669 5.4 % (36) 7.0% (44) 52.8% (19) 45.8% χ2=28.66, p<0.001

Table 2 – The association between any T0 or T1 hallucination and any T0 or T1 delusion for 
the different groups #

Table 3 – The moderating effect of environmental factors on the risk of delusions given 
hallucinations #

#All analyses refer to multilevel logistic regression analyses controlled for age, sex, group and clustering of observations 
within subjects, with delusions as dependent variable and ‘any T0 or T1 hallucination’ as independent variable.
*refers to repeated observations in individuals (except parent group, that was only assessed once at baseline)
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#All analyses carried out in combined data of the control and sibling group, and refer to multilevel logistic regression 
analyses controlled for age, sex, group and clustering of observations within subjects, with delusions as dependent 
variable and the ‘any T0 or T1 hallucination x environmental factor’ interaction as independent variable.
*refers to repeated observations in individual

Exposure 
type

n* Proportion 
exposed
(%,n)

Proportion with 
delusions given 
absence of hallu-
cinations (%, n)

Proportion with 
delusions given 
presence of hal-
lucinations 
(%,n)

Difference Effect size 
environ-
mental 
factor

Interaction χ2, 
p#

Cannabis 
urinalysis + 

1827 6.2%
(114)

10% (10) 73.3% (11) 63.3%

31.6%
χ2=4.3, 
p=0.037Cannabis 

urinalysis –
93.8%
(1713)

6.2% (100) 37.9% (33) 31.7%

Childhood 
trauma +

2628 51.5% 
(1352)

8.1% (62) 44.6% (25) 36.5%

15.2%
χ2=3.7, 
p=0.054Childhood 

trauma – 
48.6%
(1276)

6.8% (33) 28.1% (9) 21.3%

Urbanicity 
< age 15 +

3072 47.5% 
(1612)

5.6% (47) 52.1% (25) 46.5%

14.4%
χ2=0.9, 
p=0.357Urbanicity 

< age 15 – 
52.5%
(1460)

7.0% (60) 39.1% (18) 32.1%
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abstract

Objective
Several population-based studies have reported an association between hearing 
impairment and (sub)diagnostic expression of psychosis in the general popu-
lation. The aim of the current study was to provide a synthesis of the available 
research on this topic and to investigate whether old age (mean respondent 
age >_ 75 years), research group (groups reporting multiple studies) and assess -
ment type (self-report or interview) modified the association.

Method
The method of systematic review and meta-analysis was used. A comprehensive 
data search using Pubmed, Psycinfo and Web of Science was conducted in 
order to detect articles that examined associations between hearing impair-
ment and psychosis in the general population. 

Results
The search yielded 7 articles that were eligible for inclusion. The overall result 
of the main analyses showed a pooled odds ratio of 2.28 (95% ci 1.58, 3.29). 
Of the possible modifiers, only assessment type had a significant influence, 
with lower odds ratios for studies using self-reports of psychotic symptoms. 

Conclusion
The current study provides evidence that hearing impairment is associated 
with psychotic symptoms in the general population, echoing findings of an 
association between hearing impairment and psychotic disorder.

introduction

The fact that numerous population-based studies have reported an association 
between hearing impairment and psychotic symptoms in non-clinical samples 
may be of considerable theoretical and practical importance. Subthreshold 
symptoms of psychosis in the general population can be considered as the 
dimensional expression of liability to develop ‘aberrant salience’1 or anoma-
lous experience 2, most of which is transitory but some of which may persist 
over time, increasing risk for help-seeking and need for care in the context of 
both psychotic and non-psychotic mental disorders3. Psychotic symptoms may 
be a direct or indirect consequence of processes triggered by hearing loss. 
Experimental studies, for example, have demonstrated psychotomimetic effects 
induced by sensory deprivation4, 5. In addition, it has been proposed that hear-
ing loss may indirectly increase psychosis risk through the stress of social 
defeat6. Finally, hearing impairment originating early in life may impact on 
risk for psychosis by interfering with critical developmental phases for lan-
guage, cognition and social skills7. 

We wished to review the literature on the relationship between hearing im -
pairment and risk of developing psychotic symptoms in non-clinical represent-
ative population samples. To this end, the method of systematic review and 
meta-analysis was used, as these generally provide a transparent and quantita-
tive approach to identify, summarise and critically appraise relevant studies, 
enabling an integrated presentation of results. Furthermore, systematic review 
and meta-analysis can address meta-hypotheses over and above primary stud-
ies by quantitative exploration of the patterns of results from single investigations. 
In selecting the studies, we took into account the comments made by Prager 
and Jeste, previously reviewing this area, that studies before 1993 were of in -
sufficient quality, and that case-control studies with highly selective samples 
were not suited to examine this association8. In order to safeguard a thorough 
methodology for the current systematic review the Meta-analysis of Observa-
tional Studies in Epidemiology (moose) guidelines9 was applied.

Aim
The specific aims of the meta-analysis were: (i) to examine the risk of psychotic 
symptoms given presence of hearing impairment in general population sam-
ples and (ii) to examine which factors moderate this risk. Mean age of the respond-
ents (>75 years vs <60 years), and type of assessment of psychotic symptoms 
(self-report vs interview) were a priori identified as possible modifiers. 
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methods

Studies were included in the meta-analysis if they (i) were written using the 
English, German or Dutch language; (ii) represented a population-based or 
comparably representative sample of individuals from the general population 
with a defined assessment of hearing impairment (the exposure) and psychotic 
symptoms / psychotic experiences (the outcome); (iii) were published in a peer- 
 reviewed journal between January 1993 and May 2012 (and a follow-up check 
until September 2013). Exclusion criteria were: i) not reporting original data; 
(ii) no report of quantitative data; (iii) involved subjects who were both deaf 
and blind; iv) used samples consisting exclusively of people with dementia; 
vi) did not assess psychosis using a valid method; vi) case-control studies and 
vii) outcome of diagnosed full-blown psychotic illness10, 11.

A computerized search strategy was developed to sensitively query the 
Pubmed, Psycinfo and Web of Science databases to identify potentially relevant 
articles. Keywords were: Psychosis and  Hearing impairment or  Hearing deficit 
or Hearing Deficiency. This yielded 427 citations. Two investigators independent-
ly screened citations and selected publications for further consideration on the 
basis of consensus, using three consecutive filters. The first selection filter 
was at the level of citations, applying the broad criterion of relevance for the 
topic of the meta-analysis. The second selection filter was applied at the level 
of abstracts, excluding studies that did not meet a single inclusion criterion as 
defined above. The final filter was based on inspection of full-text articles. In 
the case of multiple reports involving a single study population, the publica-
tion with the largest sample size and/or the longest follow-up was selected. In 
this phase, one study was excluded as the measure of psychotic symptoms was 
not precise12. 

Six studies13-18 remained after full inspection and were deemed suitable for 
inclusion. Reference lists of these articles were screened in order to encounter 
reports, which yielded one additional citation19. Researchers with expertise in 
the field were contacted in order to identify additional publications and/or 
data potentially relevant for the meta-analysis, yielding no additional studies. 

In the next step, two investigators independently extracted quantitative and 
qualitative data from the seven selected publications. Qualitative data included 
factors impacting on internal validity such as methodological and design fea-
tures as well as the potential for confounding and bias due to differential attri-
tion or possible differential assessment of exposure and/or outcome. None of 
the seven identified studies were excluded on the basis of these considerations. 

Because each of the articles reported outcomes adjusted for a different set of 
confounders, the present meta-analysis used the unadjusted odds ratios. 
Quantitative data included cumulative psychosis outcome rates as a function 
of exposure status (i.e. with and without hearing impairment). In case of miss-
ing statistical information to code the articles, authors were contacted with the 
request to send the relevant effect sizes. Authors were also contacted to pro-
vide additional effect sizes if the article reported that the sample consisted of 
both cognitive intact subjects and subjects with cognitive problems, in order 
to obtain separate outcome measures for both groups.

Effect size computations and statistical analyses
Articles were divided into those with dichotomous outcomes (n=6); and quan-
titative outcomes (n=1). Next, effect sizes and their standard errors were iden-
tified: Odds Ratios (or) for the first category, Mean Differences (md) for the 
second. All articles were coded by two independent coders (fs, jb) and the 
coding file included information on the assessment types used for hearing 
impairment and psychosis (interview or self-report), mean age of the sample 
and reported effect sizes for hearing impairment and psychotic symptoms. 

All analyses were performed using Stata 1220. We chose odds ratios as the main 
outcome metric. When not reported in the primary studies, odds ratios and 
their associated variance component were estimated from available descriptive 
statistics (i.e. 2 x 2 tables) using standard computational techniques for dichot-
omous data21, 22. For studies reporting mean differences, the standardized mean 
difference effects were converted to odds ratios, using the practical meta-analy-
sis effect size calculator developed by Wilson23.

In order to examine the association between hearing impairment and psy-
chotic symptoms, a meta-analysis was carried out using the Stata metan com-
mand. This analysis was repeated in a sensitivity analysis, excluding subjects 
diagnosed with dementia from two studies17, 18.

Two modifiers (old age and type of assessment of psychotic symptoms) were 
examined in metaregression analyses (Stata metareg). Additionally, research 
group was added as a third binary moderator, as four of the seven studies in 
this meta-analysis included researchers who co-compiled this report13, 14, 16, 24, 
introducing the possibility of bias25.

In order to maximize statistical power, modifiers were included in separate 
models.

The computation of summary effects was carried out under the random -
effects model, in which Tau was estimated using the DerSimonian-Laird 
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method. Heterogeneity analyses were performed using the chi-square, I- square, 
and Tau statistics. Tau-square estimates the total amount of variability (hetero-
geneity) among the effect sizes, but does not differentiate between sources. 
Heterogeneity may be due to random or systematic differences between the 
estimated effect sizes. I-square estimates the proportion of the total variability 
in the effect size estimates that is due to heterogeneity among the true effects.

results

Descriptives of the studies
The seven studies were published between 1998 and 2011; four were prospec-
tive13, 14, 19, 24, one quasi prospective16 and 2 cross-sectional17, 18. They were per-
formed in 6 different countries (Australia, Germany, Greece, the Netherlands, 
Sweden, United Kingdom). Three of the seven studies were performed in the 
elderly (mean age >75)17-19. Two studies were based on self-report13, 17 and four 
on interview data14, 16, 18, 19. Only one study assessed hearing impairment with 
audiometry24.

Association between hearing impairment and psychotic symptoms
The pooled odds ratio was 2.28 (95% confidence interval 1.58-3.29, z=4.4, 
p<0.001, Fig. 1). Data were heterogeneous (chi-square=16.35, df=6, p=0.012). 
I-square was 63.3% and Tau-square was 0.14. When dementia cases were ex -
cluded, the pooled odds ratio was 2.42 (ci 1.59-3.66).

Modifiers
When self-reported symptoms were analysed, odds ratios were lower (coeffi-
cient=-0.70, t=-3.59, p=0.016). Fig. 2 presents a forest plot stratified by type of 
symptom assessment. There was no difference in results when mean age of 
respondents was ≥75 years (old age). Studies conducted by groups other than 
the one reporting the current meta-analysis reported higher odds ratios, but 
this difference was not statistically significant (coefficient=-0.28, t=-0.81, 
p=0.457).

discussion

This meta-analysis confirms that hearing impairment may be associated with 
psychotic symptoms, and echoes findings of an association between hearing 
impairment and full-blown psychotic disorder10, 11.

Mentalizing ability normally emerges during preschool years and is envi-
ronment-driven in that it is highly dependent on day-to-day social interactions. 
Selective deprivation of access to early social interactions and actively seeking 
out social information by, for example, hearing impairment or exposure to 
adversity / deprivation during critical developmental phases, may interfere with 
the acquisition of mentalizing ability and increase risk of later psychotic symp-
toms. Evidence to support this notion comes from studies showing significant 
delays in the mastery of mentalizing ability in hard-of-hearing26 and maltreat-
ed27 children on the one hand, and, on the other, an association between hear-
ing impairment and developmental trauma28 and later psychotic symptoms or 
psychotic disorder in young people. There is evidence that other exposures that 
may increase risk for schizophrenia, such as head injury29 and methampheta-
mine use30, also interfere with the development of mentalizing ability31, 32, sug-
gesting a more general link between the environment, social cognition and 
psychotic disorder. 

Not hearing what other people say may, directly or indirectly, trigger para-
noid ideation and hallucinatory experiences. There is experimental evidence 
that sensory deprivation, mimicking profound hearing loss, induces feelings 
of paranoia and hallucinations4, 5. Sensory restriction may not only produce 
patterns of nerve impulses that give rise to hallucinatory experiences33 34, it may 
also result in reality testing failures when the input from the outside world is 
significantly reduced35. Failures of reality testing may cause a person to mis-
attribute internal events to an external source. This mechanism may underlie 
the experience of hallucinations4, 36. 

Social adversity has been shown to mould the risk for psychosis37, 38. Hearing 
impairment, whether originating early in life, or acquired later in life, is asso-
ciated with social isolation, low self-esteem and increased feelings of loneliness 
and stress7, 39-41. The adverse emotional and social consequences of hearing 
impairment may give rise to social defeat stress, i.e. the negative experience of 
being excluded from the majority group6. Prolonged exposure to social defeat 
stress may represent an intermediate mechanism linking multiple environmen-
tal exposures to an underlying biological mechanism of psychosis6, 42. Thus, 
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social defeat stress may mediate the link between hearing impairment and 
psychosis. 

The association between hearing impairment and psychosis shows variation 
with age. Although the evidence to date suggests an increased risk in young 
people13, 16, the association has also been found in older people15, 24. These findings 
imply the operation of multiple mechanisms contributing to the increase in psy-
 chosis risk, with differential impact across the age span. Hearing impairment 
with onset during critical developmental phases may impact on risk by delaying 
the development of social reasoning skills, language and cognition, whilst other 
mechanisms may be operating in people who acquire hearing impairment later 
in life. Considering the negative impact of hearing impairment on perceived 
quality of life, as expressed by increased feelings of loneliness and a tendency 
for social isolation, social defeat stress may represent a more general mecha-
nism mediating the link between hearing impairment and psychosis, regard-
less of age. Therefore, to the degree that hearing impairment moulds risk for 
psychosis, it is likely to do so in combination with a range of other factors.

Methodological issues
An important consideration is that four of the seven studies were from the 
group conducting this meta-analysis, lowering the expectation of independ-
ence of replication. Therefore, more independent work is required before firm 
conclusions can be drawn. Second, the search was limited to articles published 
after 1-1-1993, relying on a previous review indicating low quality of studies 
before that time8. Third, since two of the seven included studies reported cross- 
sectional results, one of the conditions for causal inferences is not met. How-
ever, the other five studies did include the factor time. In addition, it is unlikely 
that psychosis causes hearing impairment. Finally, the meta-analysis included 
unadjusted measures of effect size. Even so, it is unlikely that all associations 
were confounded to the same degree and by the same confounders.
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Figure 1 – Forest plot of the main effects of hearing impairment on 
psychotic symptoms
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Study Odds ratio (95% CI) % weight

Forsell, 2000 2.74 (1.11, 6.74) 10.05

Henderson et al., 1998 2.93 (1.85, 4.64) 18.19

Livingston et al., 2001 2.19 (0.94, 5.12) 10.80

Stefanis et al., 2006 2.15 (0.80, 5.75) 9.00

Thewissen et al., 2005 3.80 (2.00, 7.22) 14.31

van der Werf et al., 2010 1.34 (1.04, 1.72) 22.76

van der Werf et al., 2011 2.16 (1.17, 3.99) 14.88

Overall (I-squared = 63.3, p=0.012) 2.28 (1.58, 3.29) 100.00

note: Weights are from random effects analysis.
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abstract

Background
Evidence suggests that adverse experiences in childhood are associated with 
psychosis. 

Methods
To examine the association between childhood adversity and trauma (sexual 
abuse, physical abuse, emotional/psychological abuse, neglect, parental death 
and bullying) and psychosis outcome, medline, embase, Psychinfo and 
Web of Science were searched from January 1980 through November 2011.  
We included prospective cohort studies, large-scale cross-sectional studies 
investigating the association between childhood adversity and psychotic 
symptoms or illness, case-control studies comparing the prevalence of adverse 
events between psychotic patients and controls using dichotomous or con-
tinuous measures, and case-control studies comparing the prevalence of  
psychotic symptoms between exposed and non-exposed subjects using dichot-
omous or continuous measures of adversity and psychosis. 

Results
The analysis included 18 case-control studies (n = 2048 psychotic patients and 
1856 non-psychiatric controls), 10 prospective and quasi-prospective studies 
(n= 41 803) and 8 population-based cross-sectional studies (n= 35 546). There 
were significant associations between adversity and psychosis across all 
research designs, with an overall effect of or = 2.78 (95% ci = 2.34-3.31). The 
integration of the case-control studies indicated that patients with psychosis 
were 2.72 times more likely to have been exposed to childhood adversity than 
controls (95% ci = 1.90-3.88). The association between childhood adversity 
and psychosis was also significant in population based cross-sectional studies 
(or = 2.99 [95% ci = 2.12-4.20]) as well as in prospective and quasi-prospective 
studies (or = 2.75 [95% ci = 2.17-3.47]). The estimated population attributable 
risk was 33% (16%-47%). 

Conclusion
These findings indicate that childhood adversity is strongly associated with 
increased risk for psychosis.

introduction

Adverse childhood events including trauma is a common experience worldwide, 
with some estimates suggesting that about a third of the general population 
may be affected.1 Evidence suggests that its effects in adulthood may in  clude  
a range of negative social outcomes, including higher criminality,2 a lower 
educational level3 and lower general health and wellbeing. Adverse childhood 
events have also been related to a greater risk of psychiatric disorder1, 4, 5 and, 
especially given its high prevalence, it is likely that it is an important determi-
nant of mental ill-health.6

A growing number of methodologically sound studies have examined child 
maltreatment (for example, sexual abuse, physical abuse, emotional/psycho-
logical abuse and neglect), peer victimization (for example bullying) and expe-
riences of parental loss and separation as risk factors for psychosis and schiz-
ophrenia. Nevertheless, the association between adverse childhood events and 
psychosis has been a topic of enduring controversy. Only narrative reviews 
have so far attempted to synthesize these findings, with inconsistent conclu-
sions.7-9 Therefore a systematic quantitative synthesis of the existing data is 
required.

The present study presents a quantitative review and meta-analysis of the 
available empirical literature, examining the magnitude and consistency of the 
effects of different, widely examined types of adversity and trauma observed 
in: (i) prospective cohort studies, (ii) large population-based cross sectional 
studies and (iii) case-control studies.

methods

Search strategy
We followed the Meta-analysis of Observational Studies in Epidemiology 
(moose) guidelines (see supplementary table S1).10 Search terms regarding 
exposure to adversity were chosen based on the most widely studied types of 
traumatic experiences in the psychosis literature and represented overall expo-
sure, physical, emotional and sexual abuse, physical and emotional neglect, 
bullying and parental death. A systematic database search from 1906 up to 2011 
was performed on Psychinfo, PubMed, embase and Web of Science using 
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the following search themes: (‘child abuse’; ‘physical abuse’; ‘sexual abuse’; ‘psy-
chological abuse’; ‘emotional abuse’; neglect*; trauma*; advers*; maltreat*; bully*; 
bullied; victim*; ‘expressed emotion’; ‘communication deviance’; ‘parental loss’; 
separat*; discrimination) combined with psychosis-related search terms (i.e. 
psychosis; psychoti*; schizo*; hallucinat*; delusion*; paranoi*) using the Boolean 
operator ‘and’. Medical Subject Headings (mesh) were used to further expand 
the results of the database search, to identify all relevant studies (table 1, sup-
plementary table S2). The present analysis focussed exclusively on childhood 
trauma (defined as sexual abuse, physical abuse, emotional/psychological abuse, 
neglect, parental death and bullying). Other psycho-social adversities included 
in the original search (parental communication deviance, expressed emotion 
and discrimination) were not eligible for the present analysis.

The following steps were taken to identify all relevant studies and reduce file 
drawer effects (publication bias due to the likelihood of studies being pub-
lished depending on the statistical significance of their results): (i) electronic 
databases were searched for relevant unpublished material (e.g. conference 
papers) from the year 2000 onward: (ii) the database search was extended to 
reports published in Dutch, French, German, Italian, Portuguese and Spanish; 
(iii) the authors of all eligible reports were contacted and invited to send any 
relevant unpublished reports (see supplementary table S3 and (iv) the refer-
ence lists and citations of eligible articles were examined to identify any eligi-
ble report not previously located through the database search (forward- and 
backward tracking of literature).

Inclusion and validity
Only reports published after January 1980 were included because the first 
known empirical study on adverse childhood events and psychosis was pub-
lished at this time11 and the dsm-iii was released in 1980, improving diagnos-
tic consistency. Eligible studies employed the following methodologies: (i) 
prospective cohort studies and (ii) large-scale cross-sectional studies investi-
gating the association between childhood trauma and psychotic symptoms or 
illness; (iii) case-control studies comparing the prevalence of adverse events 
between psychotic patients and controls using dichotomous or continuous meas-
ures; (iv) case-control studies comparing the prevalence of psychotic symp-
toms between exposed and non-exposed subjects using dichotomous or con-
tinuous measures for adverse childhood events and psychosis. Only reports 
with sufficient statistical information for the computation of effects compara-
ble to other reported studies were included. When this information was not 

available (and was not provided by the authors contacted) the study was 
deemed ineligible.

Measures of childhood adversity and trauma were considered eligible if: (i) 
the adverse events were assessed at the individual level; (ii) exposure was spe-
cifically measured prior to the age of 18 (including measures assessing trauma 
in childhood and adolescence without additional timing details). Types of trau-
ma included in the current meta-analysis were defined as: childhood sexual 
abuse (sexual acts towards a child, including intercourse, touching etc.), child-
hood physical abuse (violent acts leading to physical injury or harm, including 
as harsh physical punishment), childhood emotional abuse (exposure to behav-
iour that might result in trauma, such as harshness, name-calling by parents 
during childhood) childhood physical neglect (failure of those who are respon-
sible for physical care to provide this care during childhood, for example by 
failing to provide food or clothes), childhood emotional neglect (failure of those 
who are responsible to provide emotional care to provide this care during 
childhood, for example by being unresponsive to a child’s emotional needs) and 
bullying (an act of repetitively aggressive behaviour by a peer with the intention 
to hurt the child, such as physical assault or intimidation or repeated name- 
calling). Parental death was defined as death of one of the parents before the 
age of 18. Parental loss or separation was deemed only eligible if this was equal 
to parental death, due to the high heterogeneity in the definition of separation 
(varying between being separated from one of the parents for a period of two 
weeks to parental death).

Both diagnostic as well as dimensional measures of psychosis were considered eli-
gible. Diagnostic outcomes were defined as a diagnosis of: psychotic disorder, 
schizophrenia, or schizo-affective disorder, based on dsm-iii, dsm-iii-r, dsm-
iv, dsm iv-tr, Research Diagnostic Criteria, icd-9, icd-10 or psychiatrist or 
psychologist evaluation. Dimensional outcomes were defined in terms of indi-
viduals in the general population reporting psychotic symptoms, including sub- 
clinical psychotic experiences. Studies conducted on heterogeneous psychiatric 
samples, on participants with organic, drug-induced or secondary psychoses, 
or on prodromal samples were excluded. Similarly, studies using schizotypal per-
sonality measures were considered ineligible. In the case of studies with over-
lapping samples or when samples were reported in multiple papers, we selected 
the most appropriate based on the following criteria: (i) a definition of adver-
sity exposure that most closely resembled the search terms used; (ii) whether 
the papers had a specific focus on adversity as a main variable; (iii) (for longi-
tudinal studies) duration of the follow-up period (supplementary table S4).
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Eligibility was assessed independently by two researchers following a 3 -stage 
procedure: title screening, abstract screening and whole article screening. Any 
inter-coder discrepancy was resolved during regular consensus meetings. In 
the first phase, fs and fv screened all the titles independently. If one or both 
deemed a title to be eligible for further screening, this was included in the sec-
ond phase (abstract screening) for further examination (fs and fv independent-
ly; agreement 93.4%). In the third phase, complete texts were examined to 
reach final decisions on inclusion (fs and fv or fv and rl independently) with 
agreeance levels of 96.6% (fv and fs) and 97.6% (fv and rl). All eligible 
reports were independently coded by two researchers. In case of disagree-
ment, a third coder was consulted. 

Effect size computation and statistical analyses
All analyses were carried out using the meta-analysis commands of Stata 11.12 
We choose Odds ratios (ors) as the main outcome metric. When not reported 
in the primary studies, ors and their associated variance component were esti-
mated from available descriptive statistics (i.e. 2 x 2 tables) using standard 
computational techniques for dichotomous data 13, 14. In the case of studies 
reporting chi-square analysis for 2 x 2 data, the reported chi-square value and 
sample size were used to estimate effects of the r-family, and were then con-
verted to ORs using the computational methods described by Borenstein and 
colleagues14. Risk ratios were treated as ors without further adjustment as the 
incidence of psychosis in the studied populations was low (i.e. < 10%).15

To examine the global association between adverse childhood events and 
psychosis, a meta-analysis was carried out on the effects extracted from (i) stud-
ies exclusively focusing on single types of adversity (i.e. any type of adverse 
experience considered in this review), as well as (ii) studies providing a summa-
ry measure of exposure to multiple types of childhood adversity. In the absence 
of a summary measure of childhood adversity, the authors of studies reporting 
multiple effects (e.g. separate effects for sexual abuse and physical abuse, but 
no global measure of trauma) were asked to provide additional information for 
computing summary effects. A similar procedure was em ployed for studies 
reporting multiple effects for the associations between adverse events and spe-
cific psychotic symptoms. When this information was not available, reports were 
excluded to avoid bias stemming from the violation of statistical independence. 
Furthermore, all analyses were also done stratified by research design in order to 
assess whether findings differed across designs. Finally, for studies reporting 
unadjusted effects as well as effects adjusted for potential confounding, only 
unadjusted effects were included to improve comparability between studies.

The computation of summary effects was carried out under the random- 
effects model using the DerSimonian-Laird estimator. Heterogeneity analyses 
were carried out using the q  and I2 statistics to examine and quantify the 
amount of observed variance accounted for by true heterogeneity rather than 
sampling error.16 Meta-regression analysis was subsequently used to determine 
whether (i) differences in study design and (ii) inclusion of adjusted or unad-
justed effect sizes influenced the observed association between childhood 
adverse events and psychosis.

Additional analyses were carried out to test the effect of exposure to the 
specific types of adversity considered in this review (i.e. sexual abuse, physical 
abuse, emotional/psychological abuse, neglect, bullying and parental death). 
Due to the large overlap between the studies which examined these adversity- 
specific effects, these corollary analyses were treated as independent research 
syntheses and no attempt was made to statistically compare these effects using 
meta-regression or subgroup analyses.

Ancillary analyses consisted of (i) publication bias assessment17 and imple-
mentation of the Duval and Tweedie18 ‘trim and fill’ method (to assess and adjust 
for the potential influence of publication bias); (ii) influence analyses (to iden-
tify potential outliers and investigate the influence of single studies on the 
present findings); and (iii) sensitivity analyses for the effect of influential cas-
es and the inclusion of studies controlling for clinical-demographic covariates.

Furthermore, the Population Attributable Risk (par) was calculated, using 
the odds ratio’s obtained from the main analyses and the prevalence of child-
hood trauma. This prevalence was obtained by performing a meta-analysis 
using all studies included in the main analysis, with the exclusion of the 
case-control studies. A meta-analysis of these proportions and their standard 
errors was carried out to get a weighted estimate of the proportion. We calcu-
lated the par three times in which we used the values of successively the low-
erbound of the 95% confidence interval, the mean and the upperbound of the 
95% confidence interval for both the weighted estimates of the proportion and 
of the or obtained from the main analyses.

results

The search strategy resulted in 27 898 articles. After title screening, 2 721 arti-
cles were screened by abstract reading. 736 articles were included in the final 
screening phase, yielding 41 included papers (the study selection process is 
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detailed in figure 1). Table 1 summarizes the characteristics of the eligible stud-
ies. Additional details about study design and outcome definitions are displayed 
in supplementary tables S3 and S4. 

Overall association between adverse childhood events and psychosis
As meta-regression revealed that the type of outcome measured in the primary 
studies (i.e. diagnostic vs dimensional) did not influence the observed effect 
sizes (= -.15, se =.22, p=.50), all analyses were carried on the aggregated sam-
ple of effects. The results of the aggregated analysis are presented in figure 2. 
The analysis comprised 18 case-control studies (with a total of 2048 psychotic 
patients and 1 856 non-psychiatric controls), 10 prospective and quasi-prospec-
tive studies (with a total of 41 803 respondents) and 8 population-based 
cross-sectional studies (with a total of 35 546 respondents). Trauma was signif-
icantly associated with an increased risk for psychosis with an or = 2.78 (95% 
ci = 2.34-3.31). The magnitude of the summary effects of adversity on psycho-
sis was largely comparable across different study designs (or = 2.72 (95% ci = 
1.90-3.88) for case-control studies; or = 2.99 (95% ci = 2.12-4.20) for popula-
tion based cross-sectional studies; or = 2.75 (95% ci= 2.17-3.47) for prospec-
tive studies), as indicated by the results of meta-regression analysis for the 
effect of study type (all ps >.05).The q  and i2 tests indicated that the association 
between adverse events and psychosis was statistically heterogeneous in all 
analyses (all ps <.01), with high estimated proportions of true heterogeneity.

The par was calculated using the weighted proportion and the rr’s obtained 
from the main analysis. The mean value of the weighted proportion over all 
studies was 0.27 (95% ci = 0.14, 0.4). The estimated par using the mean val-
ues of the calculated weighted proportion and the or was 33%, with a lowest 
estimate of 16% (par calculation using the lowerbound of the 95% confidence 
interval for both the proportion and the or) and a highest estimate of 47% 
(par calculation using the upperbound of the 95% confidence interval for both 
the proportion and the or).

Associations between specific types of adversity and psychosis
The results of separate meta-analyses which examined the effect of specific 
adverse experiences (sexual abuse, physical abuse, emotional/psychological 
abuse, neglect, bullying and parental death) are presented in table 2 (forest plots 
are available as electronic supplementary material, supplementary figure S1 and 
supplementary figure S2). With the exception of parental death, statistically 
significant associations were observed between all types of childhood adversity 
and psychosis.

Sensitivity analyses
Egger’s test (b= 0.65, se = 0.63, p =.31) indicated that the findings were not 
significantly influenced by small studies effects or other selection biases. Sim-
ilarly, when the analysis was stratified by research design, the results of the 
Egger’s test were not significant for all analyses: population-based cross-sec-
tional studies (b = 2.36, se = 1.33, p =.13), prospective cohort (b = 0.44, se = 1.26, 
p =.73) and patient-control studies (b = 0.52, se = 1.25, p =.66) were unaffected 
by publication bias. In the aggregated analysis, the application of the trim and 
fill method identified 9 missing studies. When the estimated missing effects 
were included in the analysis, the global association between adversity and 
psychosis remained highly significant, k = 45; or = 2.29, (95% ci = 1.91-2.74), 
p<.001. For the analyses stratified by research design, the application of the 
Duval and Tweedie method led to the identification of 7 hypothetically missing 
effects for the analysis of the patient-control studies, whereas no missing 
effects were evident for the analyses of epidemiological cross-sectional studies 
and prospective studies. In the analysis of the patient-control studies, the asso-
ciation between adverse childhood events and psychosis remained significant 
after the inclusion of these hypothetically missing effects, k = 25; or = 1.85 
(95% ci = 1.29-2.63), p<.001.

Influence analyses indicated that no study exerted undue influence on the 
main results of this research synthesis. As an additional sensitivity analysis, 
we excluded the effect extracted from Furuhawa et al,19 the only eligible study 
for which a significant negative association between childhood trauma (death 
of one or both parents) and psychosis was estimated. The exclusion of this 
study did not alter the pattern of findings for the analyses focusing in the over-
all association between adversity and psychosis. However, the previously statis-
tically non-significant association between parental death and psychosis was 
found to be significant after the exclusion of this potential outlier, k = 7, or = 
2.3 (95% ci = 1.63-3.24), p<.001.

Sensitivity analyses were carried out to examine the association between 
childhood adversity and psychosis in a subgroup of studies reporting adjusted 
ors for confounding factors. The association between adversity and psychosis 
was significant in studies that controlled for the effect of gender (k = 10, or = 2.52 
[95% ci = 2.00-3.19], p<.001), age (k = 9, or = 2.57 [95% ci = 2.00-3.31], p<.001) 
and socio-economic status (k = 6, or = 3.01 [95% ci = 1.98-4.58], p<.001). 
When only studies which adjusted for any confound (i.e. not limited to the 
three above) in their original analyses were considered, the association be  tween 
adverse childhood events and psychosis remained significant; k = 12, or = 2.72 
(95% ci = 2.08-3.68), p<.001.
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discussion

This review finds that childhood adversity and trauma substantially increases 
the risk of psychosis with an or of 2.8. Furthermore, our findings suggest that 
if as the adversities we examined as risk factors were entirely removed from 
the population (with the assumption that the pattern of the other risk factors 
remained unchanged), and assuming causality, the number of people with 
psychosis would be reduced by 33%. The association between childhood adversi-
ty and psychosis held for the occurrence of psychotic symptoms in the general 
population, as well as for the development of psychotic disorder in prospective 
studies; the association remained significant when studies were included that 
corrected for possible demographic and clinical confounders. The analyses 
focussing on the effect of specific traumas revealed that, with the exception of 
parental death (although this association became significant after the exclu-
sion of a potential outlier), all types of adversity were related to an increased 
risk of psychosis, indicating that exposure to adverse experiences in general 
increases psychosis risk, regardless of the exact nature of the exposure. This 
meta-analysis found no evidence that any specific type of trauma is a stronger 
predictor of psychosis than any other. These findings suggest that other adver-
sity related variables such as age of exposure and multi-victimization might be 
more strongly related to psychosis risk than exposure type, which, it has been 
argued,26 might affect the specific psychotic symptoms experienced. 

The findings imply that exposure to adverse childhood events should be 
regarded as an important determinant of psychotic disorders. Although the 
reviewed cross-sectional studies did not allow us to ascertain the direction of 
causality, the included prospective studies provide evidence for temporal cau-
sality. Since childhood traumatic experiences tends to co-segregate so that being 
exposed to one type of adversity increases the risk of exposure to another,4 dose- 
 response effects of trauma on psychosis are of particular importance. However, 
most studies have not tested for dose-response relationships, and due to the 
heterogeneous methods in which dose-response effects were defined in those 
primary studies, which did consider this issue, it was not possible to include a 
synthesis of these data in the current review. However, nine out of ten of the 
studies which tested for these associations were positive for a dose-response 
relation (see supplementary table S5). 

Although several studies included in this meta-analysis used self-reported 
retrospective measures of childhood experiences, associations with psychosis 
were also observed in studies which employed other methods to assess trauma- 

exposure. There is also evidence that the retrospective assessment of child-
hood trauma tends to underestimate rather than over-report real incidence 
rates20 and studies have demonstrated the validity and reliability of retrospec-
tive reports of trauma in psychotic samples, showing that they are stable across 
time, unaffected by current symptoms, and are generally concordant with other 
sources of information.21 

Several limitations should be considered when interpreting these findings. 
First, there was substantial statistical heterogeneity for all outcomes and expo-
sures of interest as the primary studies varied considerably in terms of their 
assessment of childhood adverse experiences (e.g. in terms of severity, frequency, 
timing, duration etc) and assessment of psychosis outcomes. Heterogeneity in 
the data could also be a result of differences in the methodological quality of 
studies. However, exploration of the data showed that, even when only studies 
that controlled for confounders were included and regardless of study design, 
the effect of childhood adversity on psychosis remained, indicating that these 
parameters of methodological quality did not obscure the main effect found in 
the current meta-analysis. Moreover, studies included in this review controlled 
for other general demographic and clinical confounds such as comorbid psy-
chopathology22-27 ethnicity 22, 28, 29, educational attainment22, 24, 25, 29-31 32and iq. 26, 27 
Other studies also controlled for variables which have been specifically linked 
to increased risk for psychosis such as drugs and cannabis use22, 23 25 genetic 
liability (e.g. family history of psychosis or other psychiatric disorder)22, 27, 28, 33 
and urbanicity.22, 25 It is also worth nothing that studies which examined the 
interaction between childhood trauma and cannabis use, have revealed that 
the risk of developing psychosis following childhood trauma is (at least partial-
ly) independent from that conveyed by cannabis exposure.34, 35 Similar results 
have been observed in studies which examined the relative contribution of child-
 hood trauma while controlling for genetic vulnerability to psychotic symptoms 
or disorders.36, 37 Therefore, the quality of all included studies and the sensitivity 
analyses support the conclusion that childhood trauma is substantially associ-
ated with an increased risk for psychosis.

We cannot rule out the effect of proximal and distal interactions of adversity 
with other factors (e.g. cannabis use, genes, urbanicity) in the current meta- 
analysis, since most studies did not correct for these interactions or corrected 
for only a subset of these factors as possible moderators. However, since the 
analysis which included only adjusted or’s still showed a significant associa-
tion it appears that there is a substantial true effect of childhood experience on 
psychosis. Additionally, due to a lack of studies focussing on specific age of trau-
ma occurrence, it was not possible to address issues regarding the influence of 
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age of exposure to psychosis outcome. Finally, the psychosis literature has tended 
to focus exclusively on hallucinatory and delusional symptoms and not on other 
symptoms. Therefore, the existing data did not allow us to test whether adver-
sity was specifically associated with the development of specific symptoms.

In conclusion, our review of 41 studies found evidence that childhood ad -
versity is substantially associated with an increased risk for psychosis. This find-
ing, combined with other findings on the impact of traumatic experiences in 
childhood on both general health6 and mental health1, 4, 5 stress the importance 
of these disruptive experiences early in development on subsequent function-
ing in the adult. The implications of our findings for primary prevention are 
obvious and urgently in need of greater attention.38, 39 A range of psycho-social 
treatment approaches to psychosis, which are more likely to address the 
sequelae of adverse childhood events, have been found to be effective for many 
patients and should be made more available.40

Our findings suggest that clinicians should routinely inquire about adverse 
events in childhood in order to develop comprehensive formulations and treat-
 ment plans when working with patients with schizophrenia or similar diagno-
ses.41 Psychosocial interventions which have been used for patients affected by 
trauma might be considered amongst the treatment options for patients with 
psychosis. The current review focussed on specific types of adverse events 
(abuse, neglect, parental death and bullying). Nevertheless, adversity is a hetero-
geneous concept (including types of exposure not considered here, for in -
stance medical illness, exposure to war, natural disasters, parental separation). 
Future studies should focus on differentiating adversity type, as well as con-
sider the possible interaction between trauma and other risk factors (e.g. can-
nabis, genetic risk), the developmental stage of exposure to trauma and mech-
anisms linking adversity to specific positive and negative symptoms.42, 43
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Study odds ratio (95% CI) % weight

case-control study
Friedman & Harrison, 1984 9.75 (1.72, 55.36) 0.83
Convoy et al., 1995 (male) 1.40 (0.45, 4.37) 1.57
Convoy et al., 1995 (female) 1.71 (0.52, 5.65) 1.47
Furukawa et al., 1998 0.22 (0.10, 0.47) 2.52
Agid et al., 1998 3.05 (0.92, 10.04) 1.47
Dell’ Erba et al., 2003 4.14 (1.49, 11.47) 1.81
Giblin et al., 2004 3.20 (0.49, 20.81) 0.73
Fennig et al., 2005 2.98 (1.11, 8.05) 1.87
Weber et al., 2008 3.44 (1.37, 8.64) 2.04
Rubino et al., 2009 6.57 (3.48, 12.40) 2.92
Fisher et al., 2010 1.57 (1.06, 2.33) 3.85
Husted et al., 2010 2.56 (1.08, 6.07) 2.20
Cohen et al., 2010 2.06 (1.37, 3.12) 3.78
Daalman et al., submitted 3.08 (1.89, 5.02) 3.48
Evans et al., 2011 4.40 (1.69, 11.44) 1.96
Heins et al., 2011 4.35 (2.79, 6.78) 3.66
McCabe et al., submitted 2.87 (1.95, 4.22) 3.88
Varese et al., 2011 8.12 (2.92, 22.52) 1.81
Subtotal (I-squared=76.9%, p=0.000)  2.72 (1.90, 3.88) 41.85

cross-sectional study
Murphy et al., 1988 1.49 (0.79, 2.81) 2.93 
Ross & Joshi, 1992 9.61 (4.51, 20.47) 2.51
Whitfield et al., 2005 1.86 (1.45, 2.39) 4.37
Kim & Kim, 2005 2.76 (1.74, 4.38) 3.59
Shevlin et al., 2008 4.53 (2.45, 8.39) 3.00
Harley et al., 2010 5.20 (1.60, 16.90) 1.49
Shevlin et al., 2010 2.79 (2.10, 3.72) 4.25
Bebbington et al., 2011 2.74 (1.40, 5.36) 2.80
Subtotal (I-squared = 73.0%, p=0.001) 2.99 (2.13, 4.20) 24.94

prospective cohort study
Makikyro et al., 1998 1.25 (0.58, 2.72) 2.45
Janssen et al., 2004 13.00 (3.70, 45.67) 1.37
Spauwen et al., 2006 2.19 (1.00, 4.80) 2.43
De Loore et al., 2007 2.65 (1.54, 4.56) 3.27
Schreier et al., 2009 1.94 (1.54, 2.44) 4.43
Arseneault et al., 2010 3.85 (2.65, 5.60) 3.93
Bartels-Velthuis et al., 2011 3.81 (1.96, 7.41) 2.82
Cutjar et al., 2011 2.10 (1.40, 3.15) 3.81
Van Nierop et al., 2011 3.32 (2.69, 4.11) 4.49
Wigman et al., 2011 2.91 (2.16, 3.92) 4.21
Subtotal (I-squared = 67.6%, p=0.001) 2.75 (2.17, 3.47) 33.21

Overall (I-squared = 72.7%, p=0.000) 2.78 (2.34, 3.31) 100.00
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Retrieved articles (k= 27.898)

Phase 2: Abstract screening
(k=2.721)

Phase 3: Full-text screening 
(k=736)

Studies examined for coding 
(k=61)

Total number of studies 
included in the analysis: k=41 

Reports received through contacted authors of eligible papers and 
conference presentations, and through cross-reference checking: 8

Phase 2: Abstract screening

Excluded: k=1985 

No valid trauma assessment: 560 No valid psychosis assessment: 256

No empirical data1: 410 Case-reports: 44

Overlapping articles: 4 No valid control group: 36

Article in language not included: 27 No psychosis or trauma link: 569

Published prior to 1980: 70

Phase 3 Full-text screening

Excluded: k=562 (+ k=92 conference presentations)

No valid trauma assessment: 140 No valid psychosis assessment: 109

No empirical data1: 22 Case-reports: 1

Overlapping articles: 7 No valid control group: 181

Article in language not included: 5 Non eligible sampling procedure2: 30

No psychosis or trauma link: 25 Non eligible conference presentations: 92

Duplicate studies3: 21 Unretrieved resources: 19

Insufficient statistical information (information not received from contacted 
authors): 4

Studies excluded in the selection of effects eligible for the main analysis and 
trauma-specific analyses: 24 (cfr. Supplementary Table 3)

Phase 1: Title screening

Excluded: k=25.177

Figure 1 – Flowchart of article selection per phase Figure 2 – Forest plot (stratified by research design) for the meta-analysis examining 
the overall association between childhood adverse experiences and psychosis

1 e.g. book chapters, reviews, other meta-analyses, letters, theoretical papers. 
2 e.g. convenience samples. 
3 titles occurring in the Endnote file twice, articles published under two titles.

note: Weights are from random effects analysis.

.0181                                      1                                          55,4
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Project Sample-
Size

Age, 
y

No. of 
Cases

No. of 
Controls

Cases 
Age

Controls 
Age

case control studies*

Friedman & Harrison,11 1984 
(United States)

35 20 15 30.8 31.9

Convoy et al,44  1995 (Czech Republic) 200 100 100 33.3(m)
43.4 (f)

36.4 (m) 
38.1 (f)

Furukawa et al,19 1998 (Japan) GLADS 337 225 112

Agid et al,45 1999 (Israel) 152 76 76 42.5 41.7

Dell’ Erba et al,46 2003 (Italy) 114 54 60 32.7 33.4

Giblin et al,47  2004 (United Kingdom) 32 14 18 77.7 73.4

Fennig et al,48 2005 (Israel) 60 40 20 18.1 18.1

Morgan et al,49  2007 (United Kingdom) AESOP 781 390 391 30.5 37.3

Weber et al,50 2008 (Germany) 63 42 31 32.6 40.3

Rubino et al,51 2009 (Italy) 484 174 310 43.1 37.4

Cohen et al,52 2010 (United States) 302 198 113 61.5 63.0

Fisher et al,33 2010 (United Kingdom) AESOP 428 182 246 31 39

Husted et al,53 2010 (Canada) 147 79 68 51.8 49.6

Bartels-Velthuis et al,54 2011 
(the Netherlands)

212 60 152

Evans, 55 2011 (United Kingdom) 60 29 31 27.7 23.7

Heins et al,56 2011 (Netherlands) GROUP 499 272 227 28.1 32.3

Varese et al,57 2011 (United Kingdom) 65 45 20 42.7 39.5

Daalman et al,58 submitted 100 124

McCabe et al, 32 2012 (Australia) ASRB 675 408 267 40.7 39.27

Valiquette et al,59 in press (Canada)

prospective cohort studies*

Mäkikyrö et al,60 1998 (Finland) NFBC 11017

Janssen et al,61 2004 (Netherlands) NEMESIS 4045 41.4

Spauwen et al,62 2006 (Germany) EDSP 2524 21.7

De Loore et al,63 2007 (Netherlands) YHCSL 1129 15.1

Schreier et al,64 2009 (United Kingdom) ALSPAC 6437 12.9

Table 1 – Characteristics of Studies Reporting Adverse Childhood Events in Psychosis 
included in the Meta-Analysis

* please note study type was defined on the base of 
how the included articles analyzed the data; for 
instance a longitudinal study analyzing data in a 
cross-sectional manner was deemed as ‘cross- 
sectional’. Abbreviations: ACE, Adverse Childhood 
Experiences Study; AESOP, Aetiology and Ethnicity  
in Schizophrenia and Other Psychoses; ALSPAC, 
Avon Longitudinal Study of Parents and Children;  
80 APMS, Adult Psychiatric Morbidity Survey; ASRB, 
Australian Schizophrenia Research Bank; EDSP,  
The Early Developmental Stages of Psychopathology; 
E-RISK, Environmental Risk Longitudinal Twin Study; 

ESPAT, Epidemiological Study of Psychopathology of 
Adolescents in Tsu; GLADS, Group for Longitudinal 
Affective Disorders Study; GROUP, Genetic Risk and 
Outcome in Psychosis; NCS, National Comorbidity 
Survey; NEMESIS, The Netherlands Mental Health 
Survey and Incidence Study; NFBC, Northern Finland 
1966 Birth Cohort; TRAILS, Tracking Adolescents’ 
Individual Life Survey;81 VPCR, Victoria Psychiatric 
case register, Police Surgeon’s Office and Victorian 
Institute of Forensic Medicine Institute; YHCSL, Youth 
Health Care Division of South Limburg (Maastricht).

Arseneault et al,65 2010 (United Kingdom) E-RISK 2127

Cutajar et al,66 2011 (Australia) VPCR 5436 33.7 2759 2677

Wigman et al,67 2011 (the Netherlands) TRAILS 2149 13.6 217 1834

cross-sectional studies* 

Murphy et al,68 1988 (United States) 391

Ross & Joshi,69 1992 (United States) 502 45.2

Whitfield et al,70 2005 (United States) ACE 17337 57

Kim & Kim,71 2005 (Republic of Korea) 1672 15.7

Shevlin et al,72 2007 (United States) NCS 5877 32.2

Shevlin et al,73 2008 (United States) NCS 5782

Houston et al,74 2008 (United States) NCS 5877 32.02

Kelleher et al,75 2008 (Ireland) Challenging Times 211 14 197

Nishida et al,76 2008 (Japan) ESPAT 4894 13.3

Shevlin et al,77 2010 (United States) NCS-repl 2353 44.35

Harley et al,78 2010 (Ireland) Challenging Times 211

Bebbington et al,29 2011 (United Kingdom) APMS 7298

Van Nierop et al,79 2011 (the Netherlands) NEMESIS-II 6250 384 5866

Project Sample-
Size

Age, 
y

No. of 
Cases

No. of 
Controls
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Supplementary material

Figure S1 –  Forest plots for the meta-analyses carried out on studies  
examining the effects of sexual abuse and physical abuse

Figure S2 –  Forest plots for the meta-analyses carried out on studies  
examining the effects of emotional abuse, bullying, parental 
loss and neglect

Table S1 –  moose checklist

Table S2 –  Included papers elaborated

Table S3 –  Author contacts regarding eligible data

Table S4 –  The rationale for selecting specific studies of samples which 
were reported in multiple papers

Table S5 –  Summary of the reviewed studies which explicitly examined 
dose-response effects
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k OR, (95% CI), P value Q test I2

Sexual abuse 20 2.38 (1.98-2.87), P <.001 Q = 34.5, P <.05 44.9%

Physical abuse 13 2.95 (2.25-3.88), P <.001 Q = 47.8, P <.001 74.9%

Emotional abuse 6 3.40 (2.06-5.62), P <.001 Q = 23.1, P <.001 78.3%

Bullying 6 2.39 (1.83-3.11), P <.001 Q = 19.1, P <.01 73.9%

Parental death 8 1.70 (0.82-3.53), P =.154 Q = 35.4, P <.001 80.2%

Neglect 7 2.90 (1.71-4.92), P <.001 Q = 32.9, P <.001 81.8%

Table 2 – Results of the separate meta-analyses focusing on specific 
adverse experiences 



Study odds ratio (95% CI) % weight

emotional abuse
Whitfield et al., 2005 2.30 (1.80, 2.94) 22.65
Rubino et al., 2009 12.24 (4.82, 31.08) 13.13
Fisher et al., 2010 1.37 (0.84, 2.22) 19.61
Daalman et al., submitted 3.56 (2.18, 5.83) 19.47
Evans, 2011 4.61 (1.77, 12.01) 12.80
Varese et al., 2011 5.12 (1.89, 13.87) 12.34
Subtotal (I-squared = 78.3%, p=0.000) 3.40 (2.06, 5.62) 100.00

bullying
De Loore et al., 2007 1.19 (0.56, 2.53) 8.54
Kelleher et al., 2008 1.23 (0.40, 3.78) 4.64
Nishida et al., 2008 2.43 (2.09, 2.83) 25.25
Schreier et al., 2009 1.94 (1.54, 2.44) 22.75
Arseneault et al., 2010 4.36 (3.05, 6.23) 18.34
Wigman et al., 2011 2.66 (1.98, 3.57) 20.48
Subtotal (I-squared = 73.9%, p=0.002) 2.39 (1.83, 3.11) 100.00

parental loss
Furukawa et al., 1998 0.22 (0.10, 0.47) 13.88
Makikyro et al., 1998 1.25 (0.58, 2.72) 13.76
Agid et al., 1999 3.05 (0.92, 10.04) 11.35
Giblin et al., 2004 3.20 (0.49, 20.81) 7.86
Morgan et al., 2007 3.19 (1.62, 6.28) 14.28
Rubino et al., 2009 1.77 (0.76, 4.12) 13.37
McCabe et al., submitted 3.44 (1.37, 8.64) 12.93
Wigman et al., 2011 2.04 (0.76, 5.46) 12.56
Subtotal (I-squared = 80.2%, p=0.000) 1.70 (0.82, 3.53) 100.00

neglect
Shevlin et al., 2007 8.43 (3.84, 18.50) 13.10
Fisher et al., 2010 1.10 (0.68, 1.79) 15.95
Daalman et al., submitted 1.59 (0.99, 2.57) 16.01
Evans, 2011 3.13 (1.22, 8.00) 11.65
Heins et al., 2011 4.05 (2.51, 6.53) 16.02
Varese et al., 2011 7.68 (2.78, 21.24) 10.96
Wigman et al., 2011 2.03 (1.30, 3.17) 16.32
Subtotal (I-squared = 81.8%, p=0.000) 2.90 (1.71, 4.92) 100.00

Figure S2 – Forest plots for the meta-analyses carried out on studies examining the effects 
of emotional abuse, bullying, parental loss and neglect

note: Weights are from random effects analysis.

.0322                                      1                                              31,1
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Study odds ratio (95% CI) % weight

sexual abuse
Friedman & Harrison, 1984 9.75 (1.72, 55.36) 1.08
Murphy et al., 1988 1.49 (0.79, 2.81) 5.45
Ross & Joshi, 1992 3.95 (1.71, 9.14) 3.71
Convoy et al., 1995 (female) 1.71 (0.52, 5.65) 2.11
Convoy et al., 1995 (male) 1.40 (0.45, 4.37) 2.28
Whitfield et al., 2005 1.70 (1.40, 2.06) 12.56
Fennig et al., 2005 2.98 (1.11, 8.05) 2.86
Kim & Kim, 2005 2.76 (1.74, 4.38) 7.73
De Loore et al., 2007 3.28 (1.32, 8.15) 3.28
Houston et al., 2008 5.39 (2.74, 10.61) 5.02
Kelleher et al., 2008 4.16 (0.34, 50.90) 0.54
Rubino et al., 2009 1.82 (0.22, 15.06) 0.75
Fisher et al., 2010 1.42 (0.82, 2.47) 6.42
Shevlin et al., 2010 2.94 (2.17, 3.98) 10.53
Bebbington et al., 2011 2.74 (1.40, 5.36) 5.07
Cohen et al., 2010 1.65 (1.10, 2.48) 8.58
Cutjar et al., 2011 2.10 (1.40, 3.15) 8.65
Daalman et al., submitted 3.12 (1.91, 5.08) 7.30
Evans, 2011 1.99 (0.79, 5.01) 3.19
Varese et al., 2011 4.08 (1.52, 10.94) 2.89
Subtotal (I-squared = 44.9%, p=0.016) 2.38 (1.98, 2.87) 100.00

physical abuse
Ross & Joshi, 1992 3.38 (1.42, 8.05) 5.54
Whitfield et al., 2005 1.70 (1.40, 2.06) 11.89
Shevlin et al., 2007 9.42 (4.76, 18.64) 7.05
Kelleher et al., 2008 5.96 (1.27, 27.97) 2.49
Nishida et al., 2008 2.93 (2.31, 3.72) 11.54
Rubino et al., 2009 5.81 (2.31, 14.61) 5.16
Arseneault et al., 2010 3.16 (1.92, 5.20) 8.89
Fisher et al., 2010 1.89 (1.15, 3.12) 8.86
Shevlin et al., 2010 2.94 (1.99, 4.35) 10.04
Cohen et al., 2010 1.48 (0.99, 2.22) 9.86
Daalman et al., submitted 2.48 (1.53, 4.04) 9.02
Evans, 2011 3.82 (1.48, 9.87) 4.99
Varese et al., 2011 5.52 (2.03, 14.99) 4.68
Subtotal (I-squared = 74.9%, p=0.000) 2.95 (2.25, 3.88) 100.00

Figure S1 – Forest plots for the meta-analyses carried out on studies examining the effects 
of sexual abuse and physical abuse

note: Weights are from random effects analysis.

.0181                                      1                                               55,4



–  justification of whether the chosen models account  
for predictors of study results,

p. 07

–  dose-response models, or cumulative meta-analysis)  
in sufficient detail to be replicated

p. 20, Table 3

–  Provision of appropriate tables and graphics Figure 2, Supplemental figures 
S1 and S2& 

reporting of results should include

–  Graphic summarizing individual study estimates and  
overall estimate

Figure 2

–  Table giving descriptive information for each study included p. 17, Table 1&  
Supplemental table S2

results of sensitivity testing (eg, subgroup analysis)
p. 11

–  Indication of statistical uncertainty of findings p. 7

reporting of discussion should include

–  Quantitative assessment of bias (eg, publication bias) p. 11

–  Justification for exclusion (eg, exclusion of non-English- 
language citations)

p. 12

–  Assessment of quality of included studies p. 12

reporting of conclusions should include

–  Consideration of alternative explanations for observed  
results

p. 14

–  Generalization of the conclusions (ie, appropriate  
for the data presented and within the domain of the  
literature review)

p. 14

–  Guidelines for future research p. 15

–  Disclosure of funding source p. 31

note: na, not applicable
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Supplementary table S1 – moose Reporting Checklist 

reporting of background should include

–  Problem definition p.03

–  Hypothesis statement p. 04

–  Description of study outcome(s) p. 06, Supplemental table S2

–  Type of exposure or intervention used p. 05

–  Type of study designs used p.05

–  Study population p. 05

reporting of search strategy should include

–  Qualifications of searchers (eg, librarians and investigators) p.05

–  Search strategy, including time period included in the  
synthesis and keywords

P. 05

–  Effort to include all available studies, including contact  
with authors

p. 05
Supplemental table S3

–  Databases and registries searched p. 5

–  Search software used, name and version, including  
special features used (eg, explosion)

p. 5

–  Use of hand searching (eg, reference lists of obtained articles)

–  List of citations located and those excluded, including  
justification

Figure1

–  Method of addressing articles published in languages  
other than English

p. 06

–  Method of handling abstracts and unpublished studies p. 06

–  Description of any contact with authors Supplemental table S3

reporting of methods should include

–  Description of relevance or appropriateness of studies  
assembled for assessing the hypothesis to be tested

p. 06

–  Rationale for the selection and coding of data (eg, sound  
clinical principles or convenience)

p. 06

–  Documentation of how data were classified and coded  
(eg, multiple raters, blinding, and interrater reliability’

p. 07

–  Assessment of confounding (eg, comparability of cases  
and controls in studies where appropriate)

p. 07

–  Assessment of study quality, including blinding of  
quality assessors; stratification or regression on possible  
predictors of study results

na

–  Assessment of heterogeneity p. 08

–  Description of statistical methods (eg, complete  
description of fixed or random effects models,

p. 07



Source Project Sample -
Size

Age, 
y

No. of 
Cases

No. of 
Controls

Cases Age Controls 
Age

Psychosis Measure Psychosis construct Dimensional 
or Diagnostic 
Outcomeb

Trauma Measurec Trauma Construct

case control studies

Friedman & Harrison,11 1984 (United States) 35 20 15 30.8 31.9 DSM-III SCZ DIAGN KDS-15-ad CT, SA

Convoy et al,44 1995 (Czech Republic) 200 100 100 33.3(m)
43.4 (f)

36.4 (m) 
38.1 (f)

CLIN SCZ,SCA DIAGN SELF CT, SA

Furukawa et al,19 1998 (Japan) GLADS 337 225 112 DSM-III, PISA-JAP SCZ DIAGN PISA-JAP CT, Loss

Agid et al,45 1999 (Israel) 152 76 76 42.5 41.7 SCID SCZ DIAGN INT CT, Loss

Dell’ Erba et al,46 2003 (Italy) 114 54 60 32.7 33.4 DSM-IV SCZ DIAGN INT CT

Giblin et al,47 2004 (United Kingdom) 32 14 18 77.7 73.4 CLIN LOP DIAGN LEQ devised by 
the authors

CT, Loss

Fennig et al,48 2005 (Israel) 60 40 20 18.1 18.1 CLIN, DSM-IV SCZ DIAGN SACS-INT SA

Morgan et al,49 2007 (United Kingdom) AESOP 781 390 391 30.5 37.3 SCAN, ICD-10 F20–F29, F30–F33 DIAGN MRCSS Loss

Weber et al,50 2008 (Germany) 63 42 31 32.6 40.3 ICD-10 SCZ DIAGN ETI CT

Rubino et al,51 2009 (Italy) 484 174 310 43.1 37.4 SCID-I (DSM-IV) SCZ DIAGN AQ CT, Loss, PA, SA, EA

Cohen et al,52 2010 (United States) 302 198 113 61.5 63.0 DSM-IV Schiz DIAGN LTCS CT, PA, SA

Fisher et al,33 2010 (United Kingdom) AESOP 428 182 246 31 39 SCAN, ICD-10 F20–F29, F30–F33 DIAGN CECA-Q CT, PA, SA, EA, Neglect

Husted et al,53 2010 (Canada) 147 79 68 51.8 49.6 SCID, DSM-III-R SCZ DIAGN INT, Multiple 
sources

CT

Bartels-Velthuis et al,54 2011 (the Netherlands) 212 60 152 AVHRS AVH INT+SELF CT, SA, Loss

Evans,55 2011 (United Kingdom) 60 29 31 27.7 23.7 DIAGN CTQ CT, PA, SA, EA, Neglect

Heins et al,56 2011 (the Netherlands) GROUP 499 272 227 28.1 32.3 CASH, NAPD SIS-R, PANSS DIAGN CTQ CT, Neglect

Varese et al,57 2011 (United Kingdom) 65 45 20 42.7 39.5 Clin, PANSS SCZ, SCA, DELD DIAGN CATS CT, PA, SA, EA, Neglect

Daalman et al,58 submitted 100 124 DIAGN CT, PA, SA, EA, Neglect

McCabe et al, 32 2012 (Australia) ASRB 675 408 267 40.7 39.27 ICD-10 SCZ DIAGN CAQ CT, Loss

Valiquette et al,59 in press (Canada)

prospective cohort studies

Mäkikyrö et al,60 1998 (Finland) NFBC 11017 Hospital Discharge 
Register, DSM-III-R

SCZ, SSD DIAGN (not specified) CT, Loss

Janssen et al,61 2004 (the Netherlands) NEMESIS 4045 41.4 CIDI, DSM-III-R, 
BPRS

Psych INT CT

Spauwen et al,62 2006 (Germany) EDSP 2524 21.7 M-CIDI Psych DIM M-CIDI CT, SA

De Loore et al,63 2007 (the Netherlands) YHCSL 1129 15.1 DISC-C, DSM-III SPE DIM SELF SA, BUL

Schreier et al,64 2009 (United Kingdom) ALSPAC 6437 12.9 PLIKSi PLE DIM BFIS CT, BUL

Arseneault et al,65 2010 (United Kingdom) E-RISK 2127 INT Hal, Del DIM RI CT, PA, BUL

Cutajar et al,66 2011 (Australia) VPCR 5436 33.7 2759 2677 DSM, ICD-10 SCZ, SCA, DELD DIAGN medical 
examination

CT, SA

Wigman et al,67 2011 (the Netherlands) TRAILS 2149 13.6 217 1834 CAPE HE DIM CT, PA, BUL, loss

Supplementary table S2 – Characteristics of Studies Reporting Childhood 
trauma in Psychosis included in the Meta-Analysisa
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cross-sectional studies

Murphy et al,68 1988 (United States) 391 SCL-90 Pychot, PI DIM INT SA

Ross & Joshi,69 1992 (United States) 502 45.2 DDIS+INT Schn ≥ 3 DIM DDIS CT, PA, SA

Whitfield et al,70 2005 (United States) ACE 17337 57 SSHH 1 + DIM ACE CT, PA,SA, EA

Kim & Kim,71 2005 (Republic of Korea) 1672 15.7 BSI PI DIM SELF CT, SA

Shevlin et al,72 2007 (United States) NCS 5877 32.2 CIDI Psych DIAGN CIDI PA, Neglect

Shevlin et al,73 2008 (United States) NCS 5782 CIDI NAPD DIAGN CIDI CT

Houston et al,74 2008 (United States) NCS 5877 32.02 CIDI, SCID, 
DSM-III-R

NAPD DIAGN CIDI SA

Kelleher et al,75 2008 (Ireland) Challeng-
ing Times

211 14 197 DSM-IV, 
K-SADS-PL

AHE, VHE DIM K-SADS-PL PA, SA, BUL

Nishida et al,76 2008 (Japan) ESPAT 4894 13.3 DISC-C PLE DIM SELF PA, BUL

Shevlin et al,77 2010 (United States) NCS-repl 2353 44.35 CIDI 3.0 HE DIM CIDI CT, PA, SA

Harley et al,78 2010 (Ireland) Challeng-
ing Times

211 DSM-IV, 
K-SADS-PL

AHE, VHE DIM K-SADS-PL CT

Bebbington et al,29 2011 (United Kingdom) APMS 7298 SCAN Psych, ICD-10 DIAGN SELF CT, SA

Van Nierop et al,79 2011 (the Netherlands) NEME-
SIS- II

6250 384 5866 CIDI 3.0, SCID-I SRPEs SCQ CT, SA, EA, PA, BUL
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Source Project Sample- 
Size

Age, 
y

No. of 
Cases

No. of 
Controls

Cases Age Controls 
Age

Psychosis Measure Psychosis construct Dimensional 
or Diagnostic 
Outcomeb

Trauma Measurec Trauma Construct

note: ACE, Adverse Childhood Experiences Study 
(Questionnaire);82 AHE, auditory hallucinatory 
experiences; APMS, Adult Psychiatric Morbidity 
Survey; AQ, Abuse Questionnaire;61 AESOP, Aetiol-
ogy and Ethnicity in Schizophrenia and Other  
Psychoses; ALSPAC, Avon Longitudinal Study of 
Parents and Children;80 AVH, Auditory Vocal hallu-
cinations; AVHRS, Auditory Vocal Hallucination 
Rating Scale;83 BFIS, The Bullying and Friendship 
Interview Schedule;84 BPMS, British Psychiatric 
Morbidity Survey; BPRS, Brief Psychiatric Rating 
Scale;85 BSI, Brief Symptom Inventory;86 BUL, Bully-
ing; BYDS, Belfast youth Developmental Study; CA, 
Childhood Adversity; CAPE, Community Assess-
ment of Psychic Experiences;87 CASH, comprehen-
sive assessment of symptoms and history;88 CATS, 
Child Abuse and Trauma Scale;89 CDR, Cause of 
Death Register; CEQA, The childhood experience 
of care and abuse questionnaire;90 CES-D, The 
centre for epidemiology studies depression scale;91 
CIDI, Composite International Diagnostic Inter-
view;92 CIS-R, Clinical interview Schedule Revis-
ited;93 CLIN, Clinical diagnosis; CT, Childhood 
Trauma; CTQ, Childhood Trauma Questionnaire;94 
DDIS, Dissociative Disorders interview Schedule; 

95Del, Delusions; DELD, Delusional Disorder; DES, 
Dissociative Experience Scales;96 DIA–X/M–CIDI, 
computer-assisted version of the Munich Compos-
ite International Diagnostic Interview;97 DISC-C, 
Diagnostic Interview Schedule for Children;98 DSM-
III, Diagnostic and Statistical Manual of Mental 
Disorders;99 EA, Emotional Abuse; EDSP, The Early 
Developmental Stages of Psychopathology; E-RISK, 
Environmental Risk Longitudinal Twin Study; 
ESPAT, Epidemiological Study of Psychopathology 
of Adolescents in Tsu; ETI, Early Trauma Inven-
tory;100 GLADS, Group for Longitudinal Affective 
Disorders Study GROUP, Genetic Risk and Out-
come in Psychosis; Hal, Hallucinations; HE, hallu-
cinatory experiences; ICD-10, International 
Classification of Diseases;101 INT, Research Inter-
view; KDS-15-ad, adapted version of the KDS-15, a 
martial questionnaire;102 K-SADS-PL, Schedule for 
Affective Disorders and Schizophrenia for School-
Age Children-Present and Lifetime version;103 LEQ, 
Life experiences questionnaire; LOP, a medical 
diagnosis of late-onset psychosis with first onset 
after the age of 60; LTCS, Lifetime Trauma and  
Victimization Scale;104 MRCSS, Medical Research 
Council Sociodemographic Schedule; NAPD,  

nonaffective psychotic disorder; NCS, National 
Comorbidity Survey; NEMESIS, The Netherlands 
Mental Health Survey and Incidence Study; NEG, 
negative symptoms; NFBC, Northern Finland 1966 
Birth Cohort; PA, Physical Abuse; PANSS, Positive 
and Negative Symptom Scale;105 PD, Psychotic Dis-
order; PI, Paranoid Ideation; PISA-jap, Japanese 
version of the Psychiatric Initial Screening for 
Affective disorders;106 PLE, psychotic like experi-
ences; PLIKSi, Psychotic-like symptoms interview;64 
POS, positive symptoms; PSQ, psychosis Screen-
ing Questionnaire;107 Psych, psychotic; Psychot, 
Psychoticism; SA, Sexual Abuse; SACS, Sexual 
Abuse in Childhood Scale; SASQ, Sexual Abuse 
Screening Questionnaire; SCAN, Schedules for the 
Clinical Assessment of Neuropsychiatry;108 SCA, 
Schizoaffective disorder; Schn, Schneiderian symp-
toms; SCI, Stress and Coping Interview;109 SCID-I, 
Structured Clinical Interview for the Diagnostic and 
Statistical Manual for Mental Disorders Axis I  
Disorders;110 SLI, sexual life events inventory;111 
SCL-90, Symptom Checklist-90 item;112 SCZ, Schiz-
ophrenia; SCQ, self-constructed questionnaire;79 
SELF, Self report; SIS-R, Structured Interview for 
Schizotypy – revisited;113 SPE, Subclinical psychotic 

experiences; SRPEs, self reported psychotic experi-
ences; SSD, Schizophrenia Spectrum Disorder; 
SSHH, self-reported history of hallucinations; 
TRAILS, Tracking Adolescents’ Individual Life 
Survey;81 V, victimization; VHE, visual hallucinatory 
experiences; VPCR, Victoria Psychiatric case regis-
ter, Police Surgeon’s Office and Victorian Institute 
of Forensic Medicine Institute; WV, witnessed  
violence; YHCSL, Youth Health Care Division of 
South Limburg (Maastricht). 

(a) Elaborated from Table 1. 
(b) Dimensional outcomes were defined by instru-
ments designed to specifically assess psychotic 
experiences, such as the SCL-90 and the BSI. For 
these scales, which included both a psychoticism 
and a paranoid ideation scale, the latter was used 
because of higher face-validity. 
(c) If a study reported multiple information sources 
on childhood trauma, self-reported trauma was 
preferred above other informants’ reports (parents, 
teachers or other cares) to increase consistency 
with other reported studies.

> Continiung supplementary table S2
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Contact regarding Author responses Data retrieved

Missing data from eligible 
articles: 

10 authors contacted:
6 responses
2 unretrievable contacts
2 non-responders

4 data sources retrieved and 
included
2 data sources no longer 
available

Data from conference 
presentations

15 authors contacted:
9 responses
6 non-responders

3 data sources retrieved and 
included
2 unpublished sources 
(excluded)
10 unretrieved

Unpublished data from 
authors of papers included 
in the analysis

23 authors contacted:
9 responses
14 non-responders

1 data source retrieved

Supplementary table S3 – Author contacts

Sample name Studies retrieved Study selected for 
main analysis*

Basis for selection Study selected for trauma specific analysis# Basis for selection

population based studies

National Comorbidity Survey Sareen et al,114 2005
Shevlin et al,115 2007a

Shevlin et al,116 2007b

Shevlin et al,117 2007c

Houston et al,35 2008
Shevlin et al,25 2008
Shevlin et al,34 2009

Shevlin et al,25 
2008

Reported a single 
overall effect of 
trauma

Shevlin et al,116 2007
Houston et al,35 2008

Possibility to extract outcomes for specific trauma types

National Comorbidity Survey Replication Shevlin et al,77 2010 None no overall effect size 
of trauma available

Shevlin et al,77 2010 Possibility to extract outcomes for specific trauma types

British Psychiatric Morbidity Surveys Bebbington et al,118 2004
Murphy et al,119 2007
Shevlin et al,25 2008
Johns et al.,120 2004

None No information about 
of age at trauma expo-
sure

None No information about of age at trauma exposure

Adverse Childhood Experience Study Whitfield et al,31 2005
Anda et al, 121 2006

Whitfield et al,31 
2005

Reported a single 
overall effect of 
trauma

Whitfield et al,31 2005 Possibility to extract outcomes for specific trauma types

Adult Psychiatric Morbidity Study Bebbington et al,29 2011 Bebbington et 
al,29 2011

Reported a single 
overall effect of 
trauma

Bebbington et al,29 2011 Study focuses on CSA†

Supplementary table S4 – Multiple publications on larger sample studies for the main 
analysis and trauma specific analysis

* Selection of studies based on the following criteria: 
(i) Which paper uses a definition of trauma exposure most closely resembling the search terms 
used? 
(ii) Does the paper have a specific focus on trauma as a main variable? 
(iii) (for longitudinal studies); 
Which paper has the longest follow-up time? #Selection of studies based on which paper reported 
the most specific types of trauma exposure. † CN= Childhood Neglect, CSA= Childhood Sexual 
Abuse, CPD= Childhood Parental Death, CPA= Childhood Physical Abuse, CEN= Childhood  
Emotional Neglect, CEA= Childhood Emotional Abuse
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Early Developmental Stages of Psychopathology Henquet et al,122 2005
Spauwen et al,123 2006
Dominguez et al,124 2010
Smeets et al,125 2010
Lataster et al, under review

Spauwen et al,123 
2006

Reported a single 
overall effect of 
trauma

None No reports on specific types of trauma

Youth Health Care Division South Limburg (the 
Netherlands)

Lataster et al,126 2006
De Loore et al,30 2007

De Loore et al,30 
2007

Longer follow-up 
time. Author was con-
tacted for required 
data

De Loore et al,30 2007 Author was contacted for required data on specific types 
of trauma

Challenging Times Study Harley et al,78 2010
Kelleher et al,127 2008

Harley et al,78 
2010

Reported a single 
overall effect of 
trauma

Kelleher et al,127 2008 Possibility to extract outcomes for specific trauma types

E-Risk Study Arseneault et al,27 2010
Polanczyk et al,128 2010

Arseneault et al,27 
2010

Reported a single 
overall effect of 
trauma

Arseneault et al,27 2010 Possibility to extract outcomes for specific trauma types

the Netherlands Mental Health and Inicidence 
Study

Cuijpers et al,129 1999
Janssen et al,22 2004
Janssen et al,130 2005
Bak et al,131 2005

Janssen et al,22 
2004

Reported a single 
overall effect of 
trauma, and used the 
most strict assess-
ment of psychosis

None No studies reporting effects of specific trauma types

the Netherlands Mental Health and Inicidence 
Study II

Van Nierop et al,79 2011 Van Nierop et 
al,79 2011

Only study published 
with specific focus on 
trauma. Author was 
contacted for required 
data.

Van Nierop et al,79 2011 Only study published with specific focus on trauma. 
Author was contacted for required data.

Australian Victorian Institute of Forensic Medi-
cine cohort

Cutajar et al,66 2010a

Cutajar et al,132 2010b

Spataro et al,133 2004

Cutajar et al, 
2010a

Longer follow-up 
period and only study 
published with spe-
cific focus on psycho-
sis outcome

Cutajar et al, 2010a Longer follow-up period and only study published with 
specific focus on psychosis outcome

TRAILS study Wigman et al,134 2011 Wigman et al,134 
2011

Only study published 
with specific focus on 
trauma. Author was 
contacted for required 
data.

Wigman et al,134 2011 Only study published with specific focus on trauma. 
Author was contacted for required data.

case-control studies

Aetiology and Ethnicity in Schizophrenia and 
Other Psychosis

Morgan et al,28 2007
Fisher et al,135 2009
Fisher et al,33 2010

Fisher et al,33 
2010

Reported a single 
overall effect of 
trauma

Morgan et al,28 2007,
Fisher et al,33 2010

Specific effects for CPD extracted from Morgan et al, 28 2007, 
effects for CPA, CSA, CEA, CEN† were extracted from Fisher 
et al, 33 2010

Genetic Risk and Outcome Study (GROUP) Habets et al, 37 2011
Heins et al,56 2011

Heins et al, 56 
2011

Represents the largest 
sample size

Heins et al,56 2011 Specific effects for CN†

Auditory Verbal Hallucinations University of 
Utrecht

Daalman et al, 136 2011
Sommer et al,137 2010

Daalman et al,136 
2011

Represents the largest 
sample size

Daalman et al, 136 2011 Represents the largest sample size

Centre for Psychiatry Reichenau Weber et al,50 2008
Weber et al,138 2009

Weber et al,50 
2008

Represents the largest 
sample size

Weber et al,50 2008 Represents the largest sample size

Sample name Studies retrieved Study selected for 
main analysis*

Basis for selection Study selected for trauma specific analysis# Basis for selection

> Continiung supplementary table S4
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Cohort/sample 
name

Study Findings Dose-response 
definitiona

ACE Whitfield et al,70 2005 Dose-response between adverse experiences 
and lifetime prevalence of hallucinations 
(auditory, visual, tactile)

Cumulative

Anda et al,121 2006 Dose-response between adverse experiences 
and lifetime prevalence of hallucinations 
(auditory, visual, tactile)

Cumulative

AESOP Fisher et al,139 2009 No evidence for dose-response effects for 
multiple versus single trauma-exposures 
(analysis focused on experiences of sexual 
and physical abuse only)

Cumulative

Fisher et al,33 2010 No evidence for dose-response effects for 
multiple versus single trauma-exposures 
(reanalysis of the same sample including 
a broader spectrum of adverse childhood 
experiences)

 Cumulative

ALSPAC Schreier et al,64 2009 Dose-response association observed between 
chronicity of peer victimization and psychotic 
symptoms, and between severity of peer 
victimization and psychotic symptoms

Trauma severity

EDSP Spauwen et al,62 2006 Dose-response between trauma and 
presence of positive psychotic symptoms

Cumulative

E-Risk Arseneault et al,65 2010 Dose-response associations between trauma 
(physical abuse and bullying) and psychotic 
symptoms (hallucinations and delusions)

Cumulative

GROUP Heins et al,56 2011 Dose response associations between 
severity of positive symptoms and 
dichotomously defined trauma-exposure 
in psychotic patients, non-affected siblings 
and healthy comparisons subjects 

Symptom severity

NCS Shevlin et al,72, 140 2007 Dose-response between trauma and lifetime 
prevalence of hallucinations (auditory, visual, 
tactile)

Cumulative 

Shevlin et al, 2007 Dose-response between trauma and lifetime 
prevalence of nonaffective psychosis 

Cumulative

Shevlin et al,73 2008 Dose-response between trauma and lifetime 
prevalence of nonaffective psychosis

Cumulative

Supplementary table S5 – Summary of the reviewed studies which explicitly examined 
dose-response effects

note: ACE = Adverse Childhood Experiences study; AESOP = Aetiology and Ethnicity in Schizophrenia and Other  
Psychoses; ALSPAC= Avon Longitudinal Study of Parents and Children; EDSP = Early Developmental Stages of Psycho-
pathology study; E-Risk = Environmental Risk Longitudinal Twin Study, GROUP = Dutch national Genetic Risk and  
Outcome in Psychosis project; NCS =National Comorbidity Survey; NCSR =National Comorbidity Survey Replication; 
NEMESIS = The the Netherlands Mental Health Survey and Incidence Study; YHCD = Maastricht Youth Health Care 
Divisions sample. 
(a) Dose-response definition: Cumulative = study examined exposure to multiple types of trauma (e.g. 1 type of trauma 
vs 2 types of trauma vs no exposure); Symptom severity = study examined associations between different levels of 
severity of psychotic outcome and dichotomously defined trauma-exposure (e.g. no psychotic symptoms vs 1 symp-
toms vs 2 or more symptoms); Trauma severity = study examines the effect of qualitatively different levels of exposure 
of increasing intensity (e.g. no bullying vs relational bullying vs overt bullying); Trauma frequency = study examines the 
effect of self-reported frequency of abuse.

NCSR Shevlin et al,77 2010 Dose-response between trauma and lifetime 
prevalence of hallucinations (auditory, visual)

Cumulative

NEMESIS Janssen et al,61 2004 Dose-response associations between fre-
quency of childhood trauma and psychotic 
experiences 

Trauma 
frequency

YHCD Lataster et al,141 2006 Dose-response association between frequency 
of bullying and non-clinical psychotic experi-
ences (hallucinations and delusions). Dose 
-response associations between psychotic 
experiences severity and bullying and between 
psychotic experiences severity and sexual 
abuse

Cumulative 
(bullying)

Symptom severity 
(bullying, sexual 
abuse)

Cohort/sample 
name

Study Findings Dose-response 
definitiona
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the ‘hallucinatory-delusional’ state in the 
general population

The co-occurrence of hallucinations and delusions in the general population
The first part of this thesis examined several hypotheses regarding the associ-
ation between hallucinations and delusions as predicted by the theoretical 
frameworks formulated by Maher1 and Kapur2. Chapters 2 and 3 investigated 
whether hallucinations and delusions cluster together more often than would 
be predicted by chance. Findings from these studies provided evidence that 
the co-occurrence of hallucinations and delusions exceeds chance level, thus 
implying that the clustering is not coincidental, but likely to be the result of an 
underlying mechanism. Furthermore, as a proxy for the temporal ordering of 
symptom onset as proposed by Maher and Kapur1, 2 (i.e. hallucinations lead to 
delusions), analyses on the influence of presence of hallucinations on delusion-
ary content were conducted, showing that type of delusions differed between 
groups as a function of presence or absence of hallucinations. The group with 
hallucinations reported First Rank-type symptoms more often than the group 
with isolated delusions. These symptoms, often concerning themes of loss of 
control (e.g. thought withdrawal and insertion, thought broadcasting) and pas-
sivity experiences (e.g. involuntarily movements), have been related to greater 
symptom severity in psychosis3. The current findings thus suggest that hallu-
cinations and delusions tend to cluster above chance level, and that the pres-
ence of hallucinations is associated with the more severe type of delusions. In 
addition, clustering of both hallucinations and delusions, as compared to either 
symptom in isolation, was associated with a deepening of the psychotic state, 
reflected by greater negative symptomatology, and more persistent symptoms 
over time (chapter 2 and 3), both indicators of severity and clinical outcome4, 5. 
The finding that specific co-occurrence of hallucinations and delusions led to 
greater symptom severity as compared to isolated symptoms was replicated by 
Binbay and colleagues in a Turkish general population sample6. Furthermore, 
Nuevo and colleagues replicated the finding that clustering of hallucinations 
and delusions occurs above chance level and that co-presence of both symp-
toms leads to greater severity and increased risk of clinical outcome, as com-
pared to either one in isolation7. Their data was derived from global World 
Health Organization data, comprising of a general population sample from 52 
countries, indicating that the clustering of hallucinations and delusions is 
cross-cultural7. 

As mentioned above, the temporal ordering (i.e., hallucinations preceding 

delusional ideation) was not assessed directly in the current thesis. Support 
for the possible temporal relationship comes from a recent study by Bartels- 
Velthuis and colleagues, in which a sample of children (7-8 years) completed 
baseline and 5-year follow up measurement comparing children with avh to 
children who did not report avh. Findings from this study showed that the 
group with persistent avh at baseline and follow-up and the group with inci-
dent avh during follow up showed increased delusional ideation at follow-up, 
as compared to childrenwho never reported avh and the group with baseline 
avh that remitted during follow up8. This is in line with previous findings 
from an adult general population longitudinal follow-up study. This study 
found that if baseline hallucinations were complicated by delusional ideation 
at follow up this led to increased risk for clinical outcome as compared to base-
line hallucinations which were not complicated by secondary delusional idea-
tion9. These findings, combined with the findings reported in this thesis, pro-
vide evidence that when hallucinations combine with delusions, this leads to a 
deepening of the psychotic state, which might form a crucial stage in the onset 
of psychotic disorder. 

The ‘hallucinatory-delusional’ state and comorbity with other symptoms
The studies presented in chapter 2 and 3 revealed a strong association between 
the ‘hallucinatory-delusional’ state and comorbidity with affective and anxiety 
symptoms. This is of interest since previous studies have shown that psychot-
ic symptoms are very prevalent in groups with mood and anxiety disorders10, 11, 
and that this comorbidity leads to increased severity11. Moreover, anxiety and 
depression have been found to be specifically linked to delusional ideation  
in the general population12 and are very prevalent in groups at high risk for 
psychosis13, 14. This is in line with research showing increased levels of irrita-
bility, depressed mood and anxiety preceding the onset of psychosis 15, 16. Given 
the strong association between these co-morbid affective and anxiety symp-
toms and the ‘hallucinatory-delusional’ state found in chapters 2 and 3 we 
propose that these co-morbid symptoms may serve as a mediator on the path-
way from hallucinations to delusions, thus influencing the occurrence of the 
‘hallucinatory-delusional’ state, which is explained in more detail in the sec-
tions below.
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the ‘hallucinatory-delusional’ state as  
a theoretical and clinical framework for  
psychosis

The findings presented in chapter 2 and 3 and the replications of these find-
ings6, 7 which are indicative of the existence of a ‘hallucinatory-delusional’ state 
have several theoretical and clinical implications. We would like to propose a 
model in which the onset and existence of the ‘hallucinatory-delusional’ state 
is linked to current advances in psychosis research. To this end, network theo-
ries, as discussed below, will be used to provide an integrative model of the 
interplay between hallucinations and delusions in the early stages of psychotic 
disorder. Furthermore, the clinical staging model for psychosis will be used to 
translate the theoretical implications of the ‘hallucinatory-delusional’ state to 
clinical practice.

Network theories of psychosis: symptom connectivity as key factor for  
psychopathology
The existence of the ‘hallucinatory-delusional’ state as a dynamic state, in which 
symptoms interact, fits well with current theories on psychopathology in early 
psychosis. One recent advance in conceptualizing psychopathology stems from 
the network theories. Classical views of psychiatry often hypothesize that men-
tal disorders are the result of an underlying illness factor, which is expressed 
through the symptoms of a disorder (i.e., an underlying latent factor schizo-
phrenia leads to the expression of psychotic symptoms of hallucinations and 
delusions). In this view, symptoms are only passive expressions of the underly-
ing disorder, and by themselves do not influence disease processes. Derived 
from this, in the classical view, psychiatric disorders are considered as sepa-
rate entities that do not show overlap. For instance; the latent disorder ‘depres-
sion’ causes symptoms of depression, whereas the underlying latent factor 
‘anxiety’ evokes symptoms of anxiety. However, over the past decades it has 
become apparent that the sharp boundaries between disorders as represented 
in psychiatric classification systems do not exist in reality. Research has shown 
that co-morbidity of psychiatric disorders is highly prevalent17, 18, which is also 
observed for the symptoms of psychosis that, as described above, often present 
themselves with an admixture of affective dysregulation and anxiety10-13, 17, 19. 
One way in which these findings can be interpreted is described in recent net-
 work theories. These theories suggest that symptoms are not passive expres-
sions of an underlying disorder, but that symptoms are dynamic factors which 

co-influence each other over time and are thus connected to each other20-22. 
One illustration of how this symptom connectivity would work is that delu-
sions with a threatening content (e.g. delusions of persecution) might provoke 
feelings of anxiety; these feelings of anxiety in turn may lead lead to greater 
alertness for potentially threatening cues (e.g. people giving unfriendly looks) 
which might be supportive of the notion that others are malevolent and threat-
ening, thus strengthening the delusional ideation. This example is illustrative 
of how symptoms are connected and can co-influence each other over time. 
Research has shown that this symptom connectivity is high across different 
disorders, with analyses showing that around 47% of all symptoms described 
in the dsm-iv are connected to each other21, making the view that symptoms 
are exclusively tied to a single disorder obsolete. Furthermore, the notion that 
symptoms are mere passive expressions of underlying disorders has been chal-
lenged and symptoms are likely to play an active role in the onset and mainte-
nance of psychiatric disorders. One illustration of this is that symptoms show 
autocorrelation. That is, symptom expressions influence themselves over time, 
becoming more or less persistent, where increased persistence is associated 
with greater probability of clinical outcomes5. This process of autocorrelation 
is also described in Mahers theory, where he describes that as hallucinations 
become more intrusive and more prevalent, this leads to greater severity of the 
hallucinations1. Secondly, research has shown that symptoms co-influence each 
other over time, strengthening connections between them. This notion is sup-
ported by studies showing for example that the pathway from subclinical psy-
chotic symptoms to clinical disorders is influenced by affective dysregulation19, 
and by studies showing fluctuations of symptom levels within patients in daily 
life22, 23. In line with network theories, the following statements can be derived: 
(i) symptoms can not be viewed as mere passive expressions of underlying 
illness as they co-influence each other, and (ii) the strong theoretical bounda-
ry separating symptoms of specific disorders does not exist in real life.

The theories formulated by Maher and Kapur can be viewed as early advo-
cates of the network theory as these theories state that symptoms of psychosis 
are not a static and passive result of an underlying disease construct, but are 
active and co-influence each other in the onset of psychotic disorder. That is; 
hallucinatory experiences, given their importance and persistence, give rise to 
secondary delusional ideation, leading to a deepening of the psychotic state. In 
this view thus the ‘hallucinatory-delusional’ state might represent a micro-net-
work within the large network of psychopathology, which is associated with the 
development of clinical need and help-seeking behavior as a result of psychotic 
symptoms.
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The ‘hallucinatory-delusional’ state as a theoretical framework for psychosis
The network theory of psychopathology may be helpful in understanding the 
theoretical implications of the ‘hallucinatory-delusional’ state. Based on the 
findings reported in chapters 2 and 3, we would like to propose an integrative 
model in which the onset of the ‘hallucinatory-delusional’ state is interpreted 
in the light of symptom networks. The model incorporates the idea of a tem-
poral ordering in symptom onset in which hallucinations lead to secondary 
delusional ideation, as proposed by Maher1 and Kapur2. 

In this model, the first phase is non-specific and is formed by early pres-
entation of a-specific symptomatology in which the different symptom groups 
are all similarly connected to each other (figure 1a). In this phase, symptoms 
may be benign and transient. In the second phase, the level of general psycho-
pathology increases and symptoms become more severe. Furthermore, under 
the influence of additional risk factors (environmental or familial, described in 
more detail in the next section) and autocorrelation, there is a specific increase 
in hallucinatory intensity and severity. As hallucinations become more severe, 
these give rise to secondary delusion formation, and thus the specific connec-
tion between hallucinations and delusions strengthens (figure 1b). In the next 
stage, the hallucinatory experiences have led to strong secondary delusions and 
the ‘hallucinatory-delusional’ state is present. Although the connection with 
other symptomatology remains, the ‘hallucinatory-delusional’ state is specifi-
cally pronounced (figure 1c). The ‘hallucinatory-delusional’ state is thus the result 
of high expressions of psychopathology, which through the development of 
more severe hallucinations become complicated by secondary delusional idea-
tion. It is of importance to note that, although in figure 1 the other network 
connections are represented as equally strong, these other symptoms may show 
variation over time and between persons. For instance, for person a the hallu-
cinations may lead to increased levels of anxiety, thus strengthening the specific 
connection between anxiety and hallucinations, whereas for person b the hal-
lucinatory experiences may give rise to affective dysregulation, thereby strength-
ening the connection between hallucinations and affective dysregulation (figure 
2). The main statement of this proposed model, however, is that strength  ening 
of hallucinations, in combination with other symptomatology and familial 
and/ or environmental risk factors, give rise to secondary delusional forma-
tion causing a state in which general psychopathology becomes crystallized 
into specific psychotic reactivity.

The ‘hallucinatory-delusional’ state as a clinical predictor of psychotic  
disorder
The network model presented above proposes that the ‘hallucinatory-delusion-
al’ state progresses through different stages in which hallucinations become 
more severe and combine with delusions. Next to theoretical implications, this 
model also has clinical relevance and may be useful in early identification of 
those at risk for progression from subclinical symptoms to clinical disorder. 

In the past decades, research and clinical work has been dedicated to provid-
ing a useful framework for early identification of psychosis. Perhaps the most 
used criteria to identify those at risk for psychosis are the Ultra High Risk24 and 
At Risk Mental State25 criteria which identify individuals based on presence of 
psychotic symptomatology, decreases in daily life functioning and help seeking 
for clinical care24, 25. Although these criteria are widely used, it has been advo-
cated that they lack diagnostic specificity and might not be exclusively predic-
tive for psychotic disorder26, 27. Furthermore, in the light of recent advances in 
network theories as discussed above, several issues regarding the conceptual-
ization of early psychosis come to mind. Firstly, the currently used at risk crite-
ria share a central notion that the mere presence of (sub)threshold psychotic 
symptoms is specifically predictive for psychotic disorder. This notion echoes the 
idea that symptoms are exclusively tied to one disorder, and does not take the 
a-specificity and comorbidity in the early stages of psychopathology into account. 
That is; psychotic symptoms may not be exclusively predictive for psychotic 
disorder and their presence could also be indicative for the development of 
other disorders (e.g. psychotic symptoms in the light of an emerging anxiety 
disorder). Secondly, psychotic disorder and other psychopathology develop 
through different stages, which is not reflected in the at risk criteria that pro-
pose one static threshold at which psychosis risk is reached. 

The advances in current network theories and the considerations discussed 
above have led to new conceptualizations of psychosis onset, which are captured 
in models of ‘clinical staging’27, 28. These models, derived from general medical 
models of illness onset, take into account that disorders develop through differ-
ent stages, in which early psychopathology often presents itself as a-specific, 
then later becomes crystallized, showing more disorder specific symptoms27, 28. 
Furthermore, clinical staging models take into account that many early pres-
entations of psychopathology are benign, and will not continue to develop into 
clinical disorder.

The proposed clinical staging model for psychosis27, 28 is illustrated in figure 3. 
The earliest stage (stage 0) consists of individuals presenting without symp-
toms, but with familial risk for psychosis or mood disorders. In the next two 
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stages, divided in stage 1a and 1b, individuals present with mild or non-specific 
symptoms (stage 1a) or with more severe but sub-threshold symptoms and de -
cline in functioning (stage 1b). Stage 2 is the stage in which psychotic disorder 
becomes diagnosable, presenting with moderate to severe symptoms and a 
severe decline in functioning. Although these models take into account that 
early psychopathology often presents as a-specific, the current conceptualiza-
tion lacks an early specific predictor for psychotic disorder, as development to 
psychosis is recognized only when the clinical threshold is met.

We propose that the ‘hallucinatory-delusional’ state could serve as an early 
indicator of specific risk to psychosis. Given the findings from chapter 2 and 3, 
showing that the specific co-occurrence of hallucinations and delusions is 
associated more strongly with clinical outcome than isolated hallucinations or 
delusions, it is of importance that models of clinical staging not only pay atten-
tion to the mere presence of any psychotic symptomatology, but focus on the 
interplay between hallucinations and delusions. Given its relation to illness out-
 come in the general population as presented in chapters 2 and 3, the ‘halluci-
natory-delusional’ state might be a good differentiator between stages 1b (sub- 
 threshold symptoms) and 2 (clinical outcome) as it may be able to differentiate 
between a-specific and more benign states of psychopathology and psychotic 
symptoms predictive for psychotic disorder (figure 4). 

risk factors for the ‘hallucinatory- 
delusional’ state

The network theory and the clinical staging model described above offer in-
sight in the symptom mechanisms behind psychosis onset, stating that a psy-
chotic state becomes more progressive when hallucinations and delusions 
combine. However, the role of risk factors causing these mechanisms to become 
active has not been discussed above. Chapters 2 and 3 provide several factors 
that influence the process in which hallucinations and delusions combine. 
Firstly, these studies showed that environmental risk factors (i.e. childhood 
trauma, urbanicity, cannabis exposure) are associated with psychotic symp-
toms. Furthermore, this association was stronger for groups with both halluci-
nations and delusions as compared to groups with only delusions or only hal-
lucinations. These findings suggest that exposure to these risk factors increase 
the risk of co-occurring hallucinations and delusions, a finding which has 
been replicated by Nuevo and colleagues7. 

The co-occurrence of hallucinations and delusions in relation to familial 
risk for psychosis
Findings from chapters 2 and 3 showed a strong association between ‘halluci-
natory-delusional’ state and familial psychopathology, indicating that familial 
risk may impact on the process through which hallucinations and delusions 
combine. It is well established that heritability and genetic risk influence psy-
chosis, with genetic and gene-environment interactions as strong predictors 
for schizophrenia29-31. Furthermore, studies in first-degree relatives of patients 
with a psychotic disorder show an increased risk of developing psychotic dis-
order compared to general population healthy controls (respectively 10% com-
pared to 0.6%)30, 32. Next to risk for clinical disorder, first-degree relatives of 
persons with psychotic disorder also show increased levels of sub-clinical psy-
chotic symptoms compared to healthy controls33, 34. In order to examine the 
relationship between familial liability and the development of the ‘hallucinatory- 
delusional’ state in more detail, chapter 4 investigated whether the co-occur-
rence of hallucinations was more prevalent in those with familial liability to 
psychosis than in general population healthy controls. Results from this study 
indicate that for all groups the risk of having delusions was greater in the pres-
ence of hallucinations. Furthermore, with respect to the influence of familial 
liability to psychosis, parents of patients showed increased clustering of symp-
toms as compared to healthy controls, whereas healthy siblings did not statis-
tically differ from healthy controls. Groups did not differ from each other on 
the proportion reporting isolated delusions, indicating that it is the specific 
combination of both hallucinations and delusions that occurs under the influ-
ence of familial risk rather than the occurrence of isolated symptoms. 

The fact that siblings did not differ from controls in their rate of co-occur-
rence in hallucinations and delusions can be explained in several ways. It could 
be that siblings adopt a ‘defensive answering strategy’35, 36, and the healthy sib-
lings that take part in longitudinal studies might be those siblings with the 
lowest expression of psychosis liability. Both factors might lead to a systematic 
underestimation of symptoms in this group. Furthermore, as previous findings 
suggest37, it is possible that symptoms in patients arise under the influence of 
non-shared environmental factors. Thus, patients may have been exposed to 
specific environmental factors, triggering the process in which hallucinations 
and delusions combine, whereas their siblings were not exposed. 

Although the findings from chapter 4 are indicative of familial risk being 
associated with the combination of hallucinations and delusions, the exact 
nature of this association needs to be investigated in more depth. 
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risk factors for psychosis

As mentioned above psychosis is multi-factorial and its symptoms arise under 
the influence of different risk factors. One problem in the field studying the 
relation between risk factors and disorders is that findings between studies 
often differ, making it difficult to draw conclusions on the base of one single 
study. One main concern in the current field of research is that many reported 
effects are in fact false positive findings38 which leads to the risk of identifying 
risk factors for psychosis that are in fact the result of false positive results. In 
order to validate the contribution of a risk factor to psychotic disorder, it is 
important to investigate the trueness of reported associations. This might be 
specifically applicable when multiple studies have been published on a risk 
factor which report different results. Therefore, chapters 5 and 6 of this thesis 
provide a systematic data synthesis on two proposed risk factors (hearing im -
pairment and childhood adversities) for psychosis. This is done with the aid of 
the meta-analytic method, which uses a transparent and quantitative approach 
and allows for an integrative presentation of results. The current thesis focused 
on the risk factors of hearing impairment and childhood trauma, as these risk 
factors are theoretically linked to the theories of Maher1 and Kapur2. 

Hearing impairment and psychosis
Chapter 5 focuses on the influence of hearing impairment on psychotic expe-
riences in the general population. Although original research often used elderly 
populations to investigate this association, there is evidence that the associa-
tion is particularly strong in young adolescents39. The meta-analysis presented in 
chapter 5 includes seven large general population studies, which were analyzed 
to examine the effect of hearing impairment on presence of psychotic symp-
toms. The found odds ratio of 2.28 for reporting psychotic experiences given 
presence of hearing impairment indicates that an overall association exists, 
and this association was found to be independent of age. 

Hearing impairment is a specifically interesting risk factor as it resembles 
the changes in perception that have been proposed to be the starting point for 
the psychotic cascade in the theories of Maher1 and Kapur2. In the introduction 
we described how hearing impairment leads to changes in sensory input, which 
might cause hallucinatory experiences similar to those reported in experiments 
using sensory deprivation40-42. One pathway via which these changes in sensory 
input may lead to hallucinatory experiences is via difficulties in ‘source moni-
toring’. The process of source monitoring is used to decide whether stimuli 

are internally or externally generated; for instance, to decide whether auditory 
stimuli are the results of internal speech or of an external source (e.g. some-
one else speaking). Deficits in source monitoring have been theorized to give 
rise to hallucinations as this might lead to the interpretation that internal  
generated stimuli are caused by external agents. Findings have shown that 
im paired source monitoring is likely to be present in situations where sensory 
input is restricted (i.e. sensory deprivation), which is comparable to the expe-
rience of hearing loss40, 42, 43. Furthermore, studies have consistently found that 
impairments in source monitoring are present in patients with hallucinations, 
indicating that source monitoring might indeed give rise to hallucinatory 
experiences (for a review see Farrer & Franck44). Via this route thus, the senso-
ry changes caused by hearing impairment lead to impaired source monitor-
ing, and this in turn gives rise to hallucinatory experiences.

Next to the route described above, hearing impairment is likely to play a role 
in the process of delusion formation, as hearing impairment causes difficul-
ties in interpreting complex social situations. One example of this is Mahers’ 
description of how hearing loss in the elderly can lead to the experience that 
others are whispering, in turn giving rise to paranoia1. Restrictions in sensory 
input may lead to difficulties in understanding the intentions or motivation of 
others (i.e. Theory of Mind) as hearing impairment restricts the amount of 
perceptual information that is available in complex social situations. As diffi-
culties in Theory of Mind interfere with the understanding of social situations, 
they may lead to faulty assumptions about other peoples’ intentions. This may 
cause ambiguous social situations to be interpreted as threatening, which in 
turn gives rise to paranoia or delusional ideation39, 45. Theory of Mind deficits 
are prevalent in psychotic disorder46, 47, and form a likely explanation of how 
hearing impairment may lead to delusional ideation. 

Given the findings of the meta-analysis presented in chapter 5, and the fact 
that hearing impairment is a natural occurring proxy of perceptual changes as 
presented in the theories of Maher1 and Kapur2, it is a good candidate to inves-
tigate mechanisms related to disorder onset.

Childhood adversity and psychosis
Childhood adversity is a likely candidate risk factor for psychosis in the light of 
the theories by Maher1 and Kapur2 as these adversities have been proposed  
to play a role in both the onset of hallucinatory experiences48 and delusion 
formation48-50. However, the proposed association between both factors has 
been topic of scientific debate, partly caused by methodological discussions 
regarding the inference of a causal relationship between them. The main aim 
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of chapter 6 was to investigate the empirical evidence for the association 
between childhood adversity and psychosis and to address several methodo-
logical issues regarding this association. In order to provide a complete overview 
of childhood adversity, different types of exposure (i.e. sexual abuse, physical 
abuse, emotional/psychological abuse, neglect, parental death, and bullying) 
and their association with psychosis (i.e. psychotic symptoms or psychotic dis-
order) were investigated. The meta-analysis presented in chapter 6 consisted 
of 41 articles, including case-control studies, prospective and quasi-prospective 
studies and population-based cross-sectional studies. Findings showed that 
childhood adversity overall is associated with psychosis risk with an odds ratio 
of 2.78. 

One important methodological concern regarding the association between 
childhood adversity and psychosis is the issue of causality. A causal relation-
ship between both factors would require temporality51, in which exposure to 
childhood adversity should precede psychotic symptoms. As many studies on 
childhood trauma and psychosis use a cross-sectional or patient-control design, 
these studies assess childhood trauma in retrospect, and recall bias (i.e. patients 
over-reporting exposure to childhood adversities) can not be ruled out. The 
meta-analysis presented in chapter 6 compared results of these cross-sectional 
and retrospective studies to results from prospective studies in which expo-
sure to childhood adversities was assessed before the age of 18. Findings indi-
cated that there was no difference in the strength of the association between 
childhood adversity and psychosis between study designs. This is of impor-
tance as this finding indicates that the effects of childhood adversities on later 
psychosis outcome might be causal of nature. However, not all studies included 
in the meta-analysis controlled for presence of psychotic experiences at base-
line, meaning that there is a possibility that psychotic symptoms were already 
present at baseline. Several studies, of which two were included in the meta- 
analysis, did control for baseline presence of psychotic symptomatology and 
found associations between childhood adversity and psychotic symptoms of 
similar strength as reported in the meta-analysis52-54. Further evidence for the 
proposed causality between childhood adversity and psychosis can be inferred 
from dose-response effects (i.e. as the rate of exposure increases, the likeli-
hood of disease outcome increases). Studies have consistently shown such a 
dose-response relationship in which multiple exposures to childhood adversi-
ty lead to increased risk of psychosis as compared to single exposure to child-
hood adversity53, 55-61. 

One other important result from the meta-analysis presented in chapter 6 
is that the association between childhood adversities and psychotic symptom-

atology did not differ as a function of ‘type of adversity’ (i.e. sexual abuse, 
physical abuse, emotional/psychological abuse, neglect, parental death, and 
bullying), with the exception of parental death showing no significant associa-
tion to psychotic outcomes. This is of importance as many theories have pro-
posed that specific types of adversity might be related more strongly to psychosis 
than others and have proposed that specific exposures lead to specific symp-
tomatology62-64. The findings from the meta-analysis presented in chapter 6 
provide evidence that childhood adversity in general, rather than exposure to 
specific types of adversity, is an important risk factor for psychosis. Further-
more, a recent study revealed that it is unlikely that specific adversity exposure 
leads to specific symptoms65. This study however, did find evidence that the 
concept of ‘intention to harm’ might play a crucial role in the association be -
tween childhood adversities and psychosis. This concept entails that trauma 
which is directed specifically at the person (i.e. intended to harm the person) 
is associated more strongly with psychotic symptomatology than trauma that 
is not directed at the person. Several findings suggest that trauma with inten-
tion to harm (e.g. physical or sexual abuse) has a greater impact on psychosis 
risk than trauma without such an intention (e.g., death of a parent, exposure 
to natural disasters, accidents)65-67. This notion is in line with the finding from 
chapter 6 that parental death, which was the only adversity without intention 
to harm included in the meta-analysis, showed the weakest association of all 
investigate risk factors with later psychotic symptomatology.

clinical implications 

Several clinical implications can be derived from the current thesis.
Firstly, as the current thesis has shown that the ‘hallucinatory-delusional’ 

state is associated with increased clinical need and psychotic disorder as com-
pared to isolated hallucinations or delusions, clinicians should be aware of the 
toxic effect of the combination of hallucinations and delusions. In line with the 
proposed clinical staging model it may be useful to distinguish between groups 
with isolated hallucinations or delusions and the group with both hallucina-
tions and delusions, as the latter group may be at increased risk for clinical 
psychotic disorder. Furthermore, for those presenting with isolated hallucina-
tions or delusions it is of importance to regularly monitor whether hallucina-
tions and delusions have combined as this could be an indicator of deepening 
of the psychotic state.
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The finding that hearing impairment is associated with psychotic experi-
ences in the general population has clinical implications as well. Children with 
hearing impairment often grow up in environments in which the majority of 
people are well-hearing (family, neighborhood, schools), which, as described 
above, might lead to problems in social cognition as hearing impairment 
interferes with the ability to understand complex social situations68, 69. Similar 
problems could occur when hearing loss is acquired in later life, when chang-
es in sensory input may also lead to difficulties in the interpretation of social 
situations. These difficulties in understanding social complexity have also been 
found to be prevalent in patients with schizophrenia47 and in persons at risk 
for psychosis70. As problems in social cognition arise, one may have the ten-
dency to withdraw from social interactions. This social withdrawal has been 
associated with transition from at risk psychotic state to psychotic disorder71. 
Individuals with hearing impairment may benefit from early interventions 
and treatments targeting social understanding in order to gain or maintain the 
ability to interpret complex social situations. This could, in turn, prevent social 
problems and social withdrawal following from them. A large range of inter-
ventions exists for improving social skills and cognition in deaf and hard hear-
ing individuals72. Furthermore, specific treatment programs for early psychosis, 
aiming to improve reality testing and social skills such as Cognitive Behavioral 
Therapy (cbt)73 or meta-cognitive training74 may also be applicable in groups 
with hearing impairment to improve or maintain levels of social cognition and 
decrease the risk of delusional ideation. 

The finding from the meta-analysis on childhood adversity showed that 
exposure to these adversities is associated with psychosis risk. This finding, 
combined with the finding that exposure to childhood adversity has large 
effects on quality of life and well-being75, indicates that early intervention and 
treatment of childhood adversities might prevent later psychopathologic out-
comes. Several main clinical implications can de derived from this. Firstly, as 
childhood adversities are a prevalent risk factor, with an estimated one-third  
of the population exposed to them76, it is a likely target for early detection and 
prevention programs. This might be of particular relevance as a recent study 
has shown that cessation of childhood adversity (i.e. physical abuse and bully-
ing) leads to a decrease in psychotic ideation54, indicating that early detection 
and intervention in childhood adversities may prevent worsening of subclini-
cal psychotic symptoms. These findings underline that it is crucial to develop 
and implement effective early detection and prevention methods aiming at the 
decrease of exposure to childhood adversities in the general population. Second-
ly, if children are exposed to childhood trauma, treatment programs targeting 

the aversive effects of these experiences should be available. Literature has re -
commended that treatment following childhood trauma might be of special 
importance for children who experience high levels of trauma and show an 
acute reaction to this, as well as for children who grow up in a disruptive social 
situation77. cbt might be a good candidate treatment, as this therapy has been 
found to decrease psychopathology following childhood trauma78-80. Thirdly, 
when looking at patients with psychosis, findings indicate that trauma and 
symptoms of Post Traumatic Stress Disorder (ptsd) are often not identified in 
this group81-83. As childhood trauma and ptsd are predictive of poorer psycho-
sis outcome84-86 it is important that these factors are identified and clinicians 
should make standard inquiries about possible childhood trauma in their 
patients. If childhood adversities and/or symptoms of ptsd are present, inter-
ventions targeting these symptoms may be applicable. Evidence suggest that 
cbt for ptsd can decrease trauma-related symptoms in patients with schizo-
phrenia87, and a pilot study found that Eye Movement Desensitization and 
Reprocessing (emdr) therapy is able to decrease positive symptoms in these 
patients73. These findings thus indicate that treatment of trauma in psychosis 
does not only reduce trauma related symptoms, but may also reduce symp-
toms of psychosis.

directions for future research

The current thesis provides evidence that the early stages of psychosis are 
marked by a phase in which hallucinations and delusions combine, leading to 
increased symptom severity and risk for clinical outcome. However, the sam-
ples used in chapters 2 and 3 were derived from longitudinal follow up stud-
ies, and did not allow for investigation of the proposed temporal order in 
which these symptoms arise as proposed by Maher1 and Kapur2 (i.e. delusions 
follow hallucinations). Although there is evidence that hallucinatory experiences 
may lead to delusional ideation8, 9, these findings come from longitudinal fol-
low-up studies with relatively long periods between different assessments. 
Therefore, the hypothesis that psychotic disorder starts with hallucinatory 
experiences that later become complicated by delusional ideation should be 
investigated in more fine-grained research designs, allowing for assessment 
of temporality of symptoms. This section will discuss several approaches to 
investigate this hypothesis of temporality.

The first method is to investigate the interplay of symptoms in a prospective 
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follow-up study using a population at risk for psychosis. By distinguishing dif-
ferent groups based on baseline symptoms (i.e. only delusions, only hallucina-
tions, both hallucinations and delusions), these groups can be followed on a 
regular base to examine whether psychosis risk increases when baseline hallu-
cinations become paired with delusional ideation during follow-up. Further-
more, by comparing several indices of outcome (i.e. transition to psychotic 
disorder, severity of complaints) between groups, it can be investigated whether 
baseline hallucinations that become complicated by delusions at follow up 
show greater severity than other patterns in which symptoms arise (i.e. hallu-
cinations without delusional ideation, only delusions, or baseline delusions 
that become complicated by hallucinations at follow-up). Frequent monitoring 
of symptoms would be necessary in order to establish the temporality in which 
symptoms arise, and (at least) monthly follow-ups of symptoms assessment is 
recommended. This type of investigation in groups at risk for psychosis might 
provide insight on the validity of the network model for the ‘hallucinatory- 
delusional’ state in the early stages of psychosis. One additional benefit is that 
this type of research would allow investigating whether the ‘hallucinatory- 
delusional’ state, as compared to isolated hallucinations or delusions, is an 
adequate differentiator for psychosis risk, as proposed in our hypothesis 
regarding the clinical staging model (figure 4).

As described above, frequent measures of symptoms are necessary in order 
to learn more about symptom interplay and connectivity. One study design 
that would allow for more frequent and fine-grained assessment of symptoms 
is the Experienced Sampling Method (esm). This method, in which partici-
pants report symptoms at random time-points during the day, allows for the 
investigation of temporality of symptoms in daily-life. Many studies have been 
conducted using esm, proving it to be a reliable method to measure symptoms 
and their dynamics as they occur in real life22, 23, 88, 89. For example, one study by 
Oorschot and colleagues has found that presence of hallucinations lead to 
more intense delusion ideation in daily life23, indicative for the suggestion that 
delusions deteriorate given the presence of hallucinations. The esm method 
could be used to investigate the interplay between hallucinations and delusions 
as it allows for analyses on whether hallucinations at one time-point are predic-
tive of delusions at the following time-point, and vice versa. It may be interest-
ing to investigate this in a general population sample of selected individuals 
reporting hallucinations and delusions, thus assessing the temporal dynamics 
of symptom onset in the absence of illness or medication effects.

Sensory deprivation may be a third possible way of investigating mechanisms 
underlying the onset of psychotic symptoms. As mentioned above, sensory 

deprivation can be used to study the consequences of changes in perceptual 
input on psychotic experiences. In the introduction, several studies using sen-
sory deprivation in order to investigate hallucinatory experiences have been 
discussed40-42, 90, 91. These studies provide evidence that proneness to hallucina-
tory experiences is associated with reporting hallucinations during depriva-
tion40 and that, next to hallucinatory experiences, sensory deprivation may also 
evoke delusional ideation91. These studies offer some insight on how perceptu-
al changes may lead to psychotic experiences but did not investigate whether 
hallucinatory experiences during deprivation lead to secondary delusion for-
mation. Additionally, most sensory deprivation experiments use self-reporting 
of experiences during deprivation as an outcome measure40-42, 90, 91. Future 
studies using this paradigm may benefit from including standardized pre- and 
post test measurements of hallucination proneness and delusional ideation. 
By including these measurements it can be investigated whether hallucination 
proneness is associated with reports of hallucinatory and delusional experiences 
following sensory deprivation. Furthermore, experimental investigations resem-
bling ‘real life’ situations can be used to investigate whether, next to hallucina-
tory experiences, sensory deprivation also may give rise to delusional ideation. 
One useful paradigm for this may be virtual reality experiments, as used by Free-
 man and colleagues to investigate paranoid tendencies in healthy populations92. 
In this design subjects are exposed to a virtual subway ride after which state 
paranoia is assessed92, allowing for the investigation of the proposed pathway 
from hallucinations to delusions in a controlled, experimental setting.
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Figure 1 – The hallucinatory-delusional state network 
Figure 1a – Symptom connectivity without specificity

Figure 1c – The third stage of the hallucinatory-delusional state in which  
hallucinations and delusions co-occur and their connection strengthens  
even further

Figure 1b – The second stage in which hallucinations become more severe 
and the pathway between hallucinations and delusions strengthens, giving 
rise to secondary delusional ideation
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indicate connectedness in the network. Thicker lines indicate a stronger associa-
tion between symptoms. Darker textbox color indicates increased severity of 
symptoms. Please note that the number of network connections in this figure  
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Figure 2 – Example of different routes to the hallucinatory-delusional state
Figure 2a – Anxiety, hallucinations and delusions

2a.1 Primary hallucinations are accompanied by anxiety, the connection 
between hallucinations and delusions is already present. 

2a.2 Under the influence of hallucinations and anxiety, co-influencing each 
other, hallucinatory intensity increases, leading to increased delusional 
ideation. Furthermore, delusions become directly linked to anxiety as  
delusions might increase anxiety levels, and anxiety levels may cause 
increases in delusional ideation. 

2a.3 The hallucinatory-delusional state is present with a strong connection 
between hallucinations and delusions. Anxiety symptoms remain connected 
to both hallucinations and delusions, thus deepening the psychotic  
experiences.
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Figure 2b – Affective dysregulation, hallucinations and delusions

2b.1 Primary hallucinations are accompanied by affective dysregulation 
(e.g. feelings of hypomania), the connection between hallucinations and 
delusions is already present. 

2b.2 Under the influence of hallucinations and hypomania, co-influencing 
each other, hallucinatory intensity increases, leading to increased delu-
sional ideation. Furthermore, delusions become directly linked to hypo-
mania as delusions might increase the level of hypomania, and hypomania 
may in turn increase delusional ideation. 

2b.3 The hallucinatory-delusional state is present with a strong connection 
between hallucinations and delusions. Affective dysregulation remains 
connected to both hallucinations and delusions, thus deepening the  
psychotic experiences.
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Figure 3 – Clinical staging of early psychosis Figure 4 – Clinical staging of early psychosis and the hallucinatory delusional state

Adapted from McGorry and colleagues27 and Hickie and colleagues93 Adapted from McGorry and colleagues27 and Hickie and colleagues93
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summary

In the first part of this thesis (chapters 2, 3 and 4), the association between 
hallucinations and delusions is investigated in the light of hypotheses derived 
from current theories on psychosis. The second part provides two meta-analyses 
on proposed risk factors for psychosis (childhood trauma and hearing impair-
ment).

The theories under investigation in chapters 2, 3 and 4 are those that state 
that in the development of psychotic disorder, delusions occur secondarily (i.e. 
temporarily after) hallucinations1, 2. In these theories, delusions are formed as an 
explanation for, often disturbing and ‘odd’, anomalous perceptual experiences 
or hallucinations. 

In line with these theories, chapter 2 focuses on the hypothesis that hallucina-
tions and delusions tend to co-occur and that when hallucinations and delu-
sions combine, this leads to greater need for care and mental health service 
use. To test this hypothesis, the following research questions were addressed 
in general population data from the longitudinal Early Developmental Stages of 
Psychopathology study, assessing psychopathology in adolescents and young 
adults at 3 time points over a 10-year period: (i) hallucinations and delusions 
cluster together more often than would be predicted by chance; (ii) co-occur-
rence of delusions and hallucinations, compared to either one in isolation, is 
more strongly associated with parameters predicting transition to clinical out-
come; (iii) the content of delusions differs as a function of whether or not 
hallucinations are present, whereas modality of hallucinations does not vary 
as a function of whether or not delusions are present; (iv) co- occurrence of 
delusions and hallucinations, compared with either one in isolation, is more 
strongly associated with environmental risk factors for psychosis.

Findings show that hallucinations and delusions co-occur more often than 
would be predicted by chance, which is suggestive of an underlying mecha-
nism causing this clustering. Furthermore, individuals with hallucinations 
were more likely to report more severe First Rank-type delusions than those 
who reported only delusions. This effect was not found the other way around 
(i.e. presence of delusions did not influence modality of hallucinations), and 
thus suggests that the combination of hallucinatory experiences and delusions 
leads to increased symptom severity. The co-occurrence of hallucinations and 
delusions was strongly associated with indices for severity and risk for clinical 
psychosis, i.e. familial liability, childhood trauma, urbanicity, cannabis use, 
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persistence of psychotic symptoms, comorbid negative symptoms, affective 
psychopathology, and clinical need. These findings suggest that the early stages 
of psychosis may be marked by a phase in which hallucinations and delusion 
combine, thus giving rise to a ‘hallucinatory-delusional’ state, indicating in -
creased severity.

Chapter 3 provides a replication of the findings reported in chapter 2, with the 
use of data from the Netherlands Mental health and Incidence Study i (nemesis-i), 
a longitudinal general population study assessing psychopathology at 3 time-
points in 3 years, and extends these findings by including two sensitivity analy-
ses. These sensitivity analyses showed that the found effects for the group 
with both hallucinations and delusions, are not caused by (i) an overrepresenta-
tion of persons with any psychosis diagnosis in the group with both hallucina-
tions and delusions as compared to groups with only delusions or only hallu-
cinations, and are not caused by (ii) the number of symptoms reported (i.e., 
the group with both hallucinations and delusions reporting more symptoms 
than groups with only hallucinations or only delusions). This replication, com-
bined with the findings from the sensitivity analyses, thus provides further 
evidence for the existence of a ‘hallucinatory-delusional risk state’.

The results presented in chapter 2 and 3 indicate that the risk for having both 
hallucinations and delusions is associated with increased risk for general 
familial psychopathology. Chapter 4 provides a more detailed examination of 
the association between the ‘hallucinatory-delusional’ state and familial risk 
for psychotic disorder, by testing whether the clustering of hallucinations and 
delusions is stronger in those with familial risk to psychotic disorder in data 
from the Genetic Risk and Outcome of Psychosis (group) study, including healthy 
siblings of patients with psychosis, their parents and unrelated healthy con-
trols. Findings showed that within each group the risk of delusional ideation 
was significantly increased given the presence of hallucinatory experiences, 
thus replication the findings of chapter 2 and 3 that hallucinations and delu-
sions tend to cluster. When investigating differences between groups, it was 
found that proxy genetic risk for psychosis was associated with the ‘hallucina-
tory-delusional’ state. Again, similar to the findings in chapter 2 and 3, it was 
shown in the control and sibling group that presence of environmental expo-
sures (i.e., cannabis use, childhood trauma, and urbanicity) was associated 
with an increased risk for clustering of hallucinations and delusions when 
compared to presence of either symptom in isolation. 

The results from chapters 2, 3 and 4 thus provide robust evidence for the exist-
ence of a ‘hallucinatory-delusional’ state, which arises under the influence of 
familial and environmental risk factors and is associated with increased symp-
tom severity and clinical outcome.

Chapter 5 examines the association between hearing impairment and psychotic 
symptoms in the general population. In order to investigate this association, 
the method of systematic review and meta-analysis is used. This method 
allows for a transparent and quantitative approach to summarize the evidence 
for this association, enabling an integrated presentation of results. The article 
search resulted in 427 articles of which seven were deemed eligible for inclu-
sion. The meta-analysis found a pooled Odds ratio of 2.8 for the association 
between hearing impairment and psychosis. This association was influenced 
by assessment type, with self-assessment leading to lower odds ratios. The 
found association was not influenced by age of respondents. The current meta- 
 analysis provides evidence for an association between psychotic symptoms and 
hearing impairment in the general population, echoing findings that hearing 
impairment is associated with psychotic disorder. Furthermore, the age at which 
hearing impairment is acquired does not influence this association, indicating 
that its effects are not limited to the elderly population. 

In Chapter 6, a meta-analysis regarding the association between childhood 
adversity and psychosis is presented. As this association has been topic of sci-
entific debate, this chapter aimed to provide a comprehensive overview of the 
available data with the aid of the meta-analytic method. To this end, the associ-
ation between different types of childhood adversity and trauma (sexual abuse, 
physical abuse, emotional/psychological abuse, neglect, parental death, and 
bullying) and psychosis outcome was investigated. The web-based literature 
search resulted in 27.898 identified articles of which 2.721 were screened by 
abstract reading. The meta-analysis included 41 articles deemed eligible for 
inclusion, comprising of 19 case-control studies (n=52.048 psychotic patients, 
and 1.856 non-psychiatric controls), 10 prospective and quasi-prospective stud-
ies (n=541.803), and 12 population-based cross-sectional studies (n=535.546). 
The overall-pooled odds ratio for the association between psychotic symptoms 
or psychosis and exposure to any childhood adversity was 2.8. Type of study 
(i.e., case-control, cross-sectional and prospective studies) did not significantly 
influence the strength of the association. Furthermore, the meta-analysis revealed 
that each type of childhood adversity, with the exception of parental death, was 
significantly related to psychotic symptoms and psychotic disorder, indicating 
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that exposure to adverse experiences in general increases psychosis risk, regard-
less of the exact nature of the exposure.

Chapter 7 provides an overview of the findings on the ‘hallucinatory-delusional 
risk state’ that was topic of investigation in chapters 2, 3 and 4, and integrates 
these findings in empirical and theoretical perspectives. The network, and 
clinical staging model incorporating the ‘hallucinatory-delusional risk state’ is 
presented along with its indices for further research and clinical implications. 
Furthermore, the findings provided by the two meta-analyses on hearing im -
pairment and childhood adversity are discussed in the context of current theo-
ries on psychosis. Theoretical and clinical implications of the meta-analyses 
are discussed.

samenvatting

Het eerste deel van deze thesis (hoofdstukken 2, 3 en 4) onderzoekt de associ-
atie tussen hallucinaties en wanen aan de hand van hypothesen die zijn afge-
leid uit theorieën over psychose. Het tweede deel van de thesis bestaat uit 2 
meta- analyses van risicofactoren voor psychose, namelijk jeugdtrauma en 
gehoorsverslechtering. 

De onderzochte theorieën in de hoofdstukken 2, 3 en 4 stellen dat, in de 
ontwikkeling van psychotische stoornissen, wanen secundair zijn aan halluci-
naties (d.w.z. wanen ontwikkelen zich temporeel na hallucinaties)1, 2. Volgens 
deze theorieën worden wanen gevormd als een verklaring voor, vaak veront-
rustende en ‘vreemde’, perceptuele ervaringen of hallucinaties. 

In overeenstemming met met deze theorieën wordt in hoofdstuk 2 de 
hypothese onderzocht dat hallucinaties en wanen vaker samen voorkomen 
dan wanneer zij enkel per toeval samen zouden voorkomen. Daarnaast kan uit 
deze theorieën de hypothese worden afgeleid dat wanneer hallucinaties en 
wanen samen voorkomen, dit zal leiden tot een grotere hulpvraag en meer 
gezondheidszorggebruik. Om deze hypothesen te onderzoeken worden data 
van de longitudinale, algemene bevolkingsstudie ‘Early Developmental Stages 
of Psychopathology’ gebruikt, waar  in psychopathologie bij adolescenten en jong 
volwassenen op 3 momenten binnen 10 jaar werd gemeten. De volgende hypo-
thesen worden onderzocht: (i) hallucinaties en wanen komen vaker samen 
voor dan wanneer zij enkel per toeval samen zouden clusteren; (ii) het samen 
voorkomen van hallucinaties en wanen, in vergelijking met enkel hallucinaties 
of wanen, is sterker geassocieerd met parameters van transitie naar een klini-
sche stoornis; (iii) de inhoud van wanen verschilt al naar gelang de aan- of 
afwezigheid van hallucinaties, maar de vorm van hallucinaties is niet afhanke-
lijk van de aan- of afwezigheid van wanen; (iv) comorbiditeit van hallucinaties 
en wanen, in vergelijking met het hebben van enkel wanen of enkel hallucina-
ties, is sterker geassocieerd met omgevingsrisicofactoren voor psychose.

De resultaten tonen aan dat hallucinaties en wanen vaker samen voorkomen 
dan op basis van toeval wordt verwacht. Dit zou erop kunnen duiden dat hallu-
cinaties en wanen niet enkel per toeval clusteren, maar dat er een onderliggend 
mechanisme, zoals voorgesteld in de boven beschreven theoriën, verantwoor-
delijk is voor deze clustering van symptomen. Daarnaast hebben mensen met 
hallucinaties een grotere kans op ernstigere wanen dan mensen die alleen 
wanen hebben. Dit effect wordt andersom niet gevonden (d.w.z. aanwezigheid 
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van wanen had geen invloed op het type hallucinatie). Dit suggereert dat wan-
neer hallucinaties gecompliceerd worden door wanen, dit leidt tot ernstigere 
wanen, maar dat dit andersom, indien wanen gecompliceerd worden door hal-
lucinaties, niet opgaat. Het gecombineerd voorkomen van hallucinaties en 
wanen is sterk geassocieerd met familiaal risico, jeugdtrauma, cannabisge-
bruik, persistentie van psychotische symptomen, comorbiditeit met negatieve 
symptomen, affectieve psychopathologie en het zoeken van klinische hulp, 
allen indicatoren voor de ernst van symptomen en het risico op klinische psy-
chose. Deze bevindingen wijzen erop dat de vroege stadia van psychose geken-
merkt worden door een fase waarin hallucinaties en wanen combineren, wat 
leidt tot een ‘hallucinatoire waanstaat’, waarin wanen en hallucinaties samen 
voorkomen, met toegenomen ernst van symptomatologie.

Hoofdstuk 3 biedt een replicatie van de bevindingen uit hoofdstuk 2, met data 
van de eerste Netherlands Mental health and Incidence Study (nemesis-i), een 
longitudinale algemene bevolkingsstudie waarbij psychopathologie op 3 meet-
momenten in 3 jaar tijd gemeten werd. In dit hoofdstuk worden de bevindin-
gen uit hoofdstuk 2 verder uitgebreid met behulp van sensitiviteitsanalysen. 
Deze sensitiviteitsanalysen lieten zien dat de gevonden effecten van toegeno-
men ernst bij mensen met zowel hallucinaties en wanen, in vergelijking tot 
mensen met enkel wanen of hallucinaties niet het gevolg is van (i) een over- 
representatie van mensen met een klinische psychose in de groep met zowel 
wanen als hallucinaties en (ii) een verschil in het totale aantal gerapporteerde 
symptomen in de groepen met zowel hallucinaties als wanen en de groepen 
met enkel wanen of enkel hallucinaties. Deze replicatie van de bevindingen, 
in combinatie met de informatie uit de sensitiviteitsanalysen, levert aanvul-
lend bewijs voor het bestaan van een ‘hallucinatoire-waan staat’ als risicofactor 
voor de psychotische stoornis.

De bevindingen uit hoofdstukken 2 en 3 duiden aan dat het risico voor het 
hebben van zowel wanen als hallucinaties geassocieerd is met familiaal risico 
voor psychopathologie. Hoofdstuk 4 voorziet in een gedetailleerd onderzoek 
naar de associatie tussen de ‘hallucinatoire-waan staat’ en familiaal risico voor 
de psychotische stoornis. Dit wordt gedaan door te testen of clustering van 
hallucinaties en wanen sterker is in personen met familiaal risico voor psy-
chose, in data afkomstig van de Genetic Risk and Outcome of Psychosis (group) 
studie. Deze studie bestaat uit gezonde broers en/of zussen van patiënten met 
psychose, hun ouders en onverwante gezonde controles. De bevindingen wijzen 
uit dat binnen elke groep het risico op wanen significant verhoogd is wanneer 

er ook hallucinaties aanwezig zijn en vormen daarmee een replicatie van de 
bevindingen uit hoofdstuk 2 en 3. Daarnaast laten de analyses zien dat wan-
neer gekeken wordt naar het verschil tussen groepen, het genetisch risico voor 
psychose geassocieerd is met de ‘hallucinatoire-waan staat’ (d.w.z. wanen en 
hallucinaties combineren vaker wanneer er een familiaal risico voor psychose 
is). Daarnaast blijkt uit hoofdstuk 4 dat blootstelling aan de omgevingsrisico-
factoren cannabisgebruik en jeugdtrauma leidt tot een groter risico op clustering 
van hallucinaties en wanen in broers en zussen van patiënten en controles. 

De resultaten van hoofdstukken 2, 3 en 4 leveren robuust bewijs voor het 
be staan van een ‘hallucinatoire-waan staat’, die ontstaat onder invloed van 
familiale- en omgevingsrisicofactoren en geassocieerd is met ernstigere symp-
tomatologie en een verhoogd risico op klinische uitkomst.

In hoofdstuk 5 wordt de associatie tussen gehoorsverslechtering en psychoti-
sche symptomen in de algemene populatie onderzocht. Om deze associatie te 
onderzoeken wordt de methode van systematische review en meta-analyse ge -
bruikt. Deze methode bestaat uit een transparante en kwantitatieve benade-
ring om een overzicht te bieden van het bewijs voor deze associatie, waardoor 
een geïntegreerde presentatie van de resultaten mogelijk is. Het zoeken van 
artikelen in databases leverde 427 geïdentificeerde artikelen op, waarvan zes 
gepast werden bevonden voor inclusie in de meta-analyse. De meta-analyse 
vindt een odds ratio van 2.8 voor de associatie tussen gehoorsverslechtering en 
psychose. De associatie wordt beïnvloed door type van rapportage, waarbij zelf-
 rapportage van gehoorsverslechtering geassocieerd is met lagere odds ratio’s. 
De associatie wordt niet beïnvloed door leeftijd van de respondenten. De hui-
dige meta-analyse levert bewijs voor een associatie tussen psychotische symp-
tomen en gehoorsverslechtering in de algemene bevolking. Een belangrijke 
be  vinding is dat de leeftijd waarop gehoorsverslechtering optreedt geen 
invloed heeft op de sterkte van de gevonden associatie, wat erop duidt dat de 
effecten hiervan niet gelimiteerd zijn tot de oudere populatie.

Hoofdstuk 6 presenteert een meta-analyse over de associatie tussen jeugd-
trauma en psychose. Omdat deze associatie onderwerp is van wetenschappelijk 
debat, beoogt dit hoofdstuk een alomvattend overzicht van de data te bieden, 
daarbij gebruikmakend van de meta-analytische methode. Om dit te bereiken 
wordt de associatie tussen verschillende typen jeugdtrauma (seksueel misbruik, 
fysieke mishandeling, emotionele/psychologische mishandeling, verwaarlo-
zing, dood van een ouder, pesten) en psychose onderzocht.
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De literature search resulteerde in 27.898 artikelen, waarvan 2.721 gescreend 
werden door het lezen van de samenvatting. De meta-analyse omvat 41 artike-
len die geschikt werden bevonden voor inclusie, waarvan 19 patiënt-controle 
studies (n=52.048 psychotische patiënten en 1.865 gezonde controles), 10 
prospectieve en quasi-prospectieve studies (n=541.803) en 12 cross-sectionele 
studies binnen de algemene bevolking (n=535.546). De algehele pooled odds 
ratio voor de associatie tussen psychotische symptomen of psychotische stoor-
nis en jeugdtrauma was 2.8. Het type studie (patiënt-controle, cross-sectioneel 
of prospectief) heeft geen significante invloed op de sterkte van de associatie. 
Daarnaast laat de meta-analyse zien dat elk onderzocht type van jeugdtrauma, 
met uitzondering van dood van een ouder, significant geassocieerd was met 
psychotische symptomen en psychotische stoornis, hetgeen suggereert dat 
jeugdtrauma een algemene risicofactor vormt voor psychose, ongeacht het 
type van jeugdtrauma. 

Hoofdstuk 7 biedt een overzicht van de bevindingen over de ‘hallucina toire-
waan staat’ zoals onderzocht in hoofdstukken 2, 3 en 4 en integreert deze 
bevindingen in recente empirische en theoretische raamwerken. De ‘hallu-
cinatoire-waan staat’ wordt geïntegreerd in het netwerk- en clinical staging 
model waarbij aanwijzingen voor toekomstig onderzoek en klinische implica-
ties van dit model besproken worden. Daarnaast worden de bevindingen van 
de 2 meta-analyses over gehoorsverslechtering en jeugdtrauma besproken in 
het licht van theorieën over psychose. De theoretische en klinische implicaties 
van de meta-analyses worden beschreven.
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