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The impact of social environments on mental states is dif-
ficult to assess, limiting the understanding of which aspects
of the social environment contribute to the onset of psy-
chotic symptoms and how individual characteristics mod-
erate this outcome. This study aimed to test sensitivity to
environmental social stress as a mechanism of psychosis
using Virtual Reality (VR) experiments. Fifty-five patients
with recent onset psychotic disorder, 20 patients at ultra
high risk for psychosis, 42 siblings of patients with psycho-
sis, and 53 controls walked 5 times in a virtual bar with dif-
ferent levels of environmental social stress. Virtual social
stressors were population density, ethnic density and hostil-
ity. Paranoia about virtual humans and subjective distress
in response to virtual social stress exposures were measured
with State Social Paranoia Scale (SSPS) and self-rated
momentary subjective distress (SUD), respectively. Pre-
existing (subclinical) symptoms were assessed with the
Community Assessment of Psychic Experiences (CAPE),
Green Paranoid Thoughts Scale (GPTS) and the Social
Interaction Anxiety Scale (SIAS). Paranoia and subjective
distress increased with degree of social stress in the envi-
ronment. Psychosis liability and pre-existing symptoms,
in particular negative affect, positively impacted the level
of paranoia and distress in response to social stress. These
results provide experimental evidence that heightened sen-
sitivity to environmental social stress may play an impor-
tant role in the onset and course of psychosis.
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Introduction

The social environment influences the risk of onset, as
well as the course of psychotic disorders.! Urban birth,

childhood social adversity, neighborhood ethnic density,
and social disorganization are risk factors for onset of
psychosis.>? Social stress may mediate these associations,
given that psychosocial stress is associated with both risk
of onset and relapse of psychosis.®” Current theories of
psychosis suggest that psychosis liability impacts individ-
ual sensitivity to experiences of social stress,® in particular
when the level of perceptual stimuli in the environment is
high® and when the stress involves negative judgment of
others.!” Pre-existing (subclinical) paranoia, social anxi-
ety, and negative affect may fuel this sensitivity, culminat-
ing in increasingly strong, sensitized psychotic responses
to social stress exposure.®!!

Experimental studies of patients with persecutory
delusions found that paranoia increased when they
entered a busy shopping street and that this effect
was partly mediated by anxiety and depression.'*!?
Experience sampling studies showed associations
between the occurrence of minor stressors in daily life
and intensity of psychotic experiences in patients and,
to a lesser extent, their first-degree relatives and the gen-
eral population.''*!5 However, these approaches are not
sufficient to investigate which aspects of the social envi-
ronment contribute to the onset of psychotic symptoms
and which individual characteristics moderate this out-
come, as daily social environments are complex, never
exactly the same, strongly influenced by the individual’s
behavior or presence of an observer, and cannot be con-
trolled. Arguably the only way to test the mechanism of
sensitized psychotic responses to the social environment,
and the moderators thereof, would be to randomize indi-
viduals to controlled experimental environments with
varying degree of social stress, quantifying environmen-
tal effect sizes as a function of liability to psychosis and
prior level of (minor) symptoms. Virtual Reality (VR)
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technology, ie, substituting sense data from the natural
world with sense data about a virtual world that change
in response to the user’s actions, resulting in a “sense of
presence” in an interactive 3-dimensional virtual world,
offers the possibility to do so.!*!® VR is relatively new in
psychosis research, but several studies have shown that
VR is feasible, safe and valid for psychotic disorders.!”!®
Recent studies found that paranoid response to a neu-
tral virtual environment was higher in people at ultra
high risk for psychosis (UHR) than in healthy controls,
and that paranoid ideations were associated with social
defeat" and a history of bullying victimization.?

In this study, we aimed to test social stress sensitivity as
a mechanism of psychosis, by exposing individuals with
different levels of liability to psychosis to 5 social stress
environments in VR. We hypothesized that:

1. Paranoia and subjective distress increase with degree
of environmental social stress;

2. Liability to psychosis, and (subclinical) psychotic and
affective symptoms are associated with more paranoia
and subjective distress in social environments; and

3. Degree of environmental social stress interacts with
psychosis liability and pre-existing symptoms on para-
noia and subjective distress.

Methods

Participants

Individuals aged 18-35 years with different levels of liabil-
ity to psychosis were included. We defined a high-liability
group based on phenotype, ie, the experience of (subclini-
cal) psychotic symptoms. This group had 2 categories: (1)
Patients with psychotic disorder, whose first diagnosis of
psychotic disorder was established within the last 5 years.
DSM-1V diagnosis was established with a semi-structured
interview (SCAN; Schedules for Clinical Assessment in
Neuropsychiatry?! or CASH; Comprehensive Assessment
of Symptoms and History??). All psychotic disorders

were included, except for substance-induced psychotic
disorder and psychotic disorder due to a medical condi-
tion; and (2) Patients at UHR for psychosis, according to
the Comprehensive Assessment of At-Risk Mental States
(CAARMYS) criteria.” The low psychosis liability group
consisted of: (3) Siblings of patients with a psychotic
disorder, who never had a psychotic episode themselves;
and (4) Controls with a negative (first-degree family) his-
tory of any psychotic disorder. Exclusion criteria were
a history of epilepsy, IQ lower than 75 and poor com-
mand of the Dutch language. Psychosis, UHR and sib-
ling groups were recruited from 5 psychiatric institutes
in the Netherlands. Controls were recruited with flyers at
schools for vocational or higher education and in dentist
offices in The Hague, and among the staff of a psychiat-
ric institute in The Hague. Written informed consent was
obtained from all participants. The study was approved
by the medical ethical committee of Leiden University
Medical Center.

VR Set-up

The virtual environment was a bar with an indoor and an
outdoor part (figure 1), built by CleVR with Vizard soft-
ware.? Participants were standing during experiments
and could turn around 360degrees. In order to walk
around in the virtual environment, they used a Logitech
F310 Gamepad. They wore a Sony HMZ-T1 Head
Mounted Display with a HD resolution of 1280 x 720 per
eye, with 51.6 diagonal field of view, a 3DOF tracker for
head rotation, and built in headphones. Virtual humans
(avatars) were sitting or standing at a table, chatted and
had drinks. Bar background noises were played during
the experiments.

Virtual Social Stressors

We created 3 sources of social stress in the virtual
environment.

Fig. 1. Screenshot of the virtual bar environment. Source: CleVR.
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1. Population density: the number of avatars in the bar
was variable, by which we could simulate population
density and could manipulate level of perceptual stim-
uli. In the quiet, low stress condition, the number of
avatars in the bar was 6. In the stressful, crowded situ-
ation, the number was 40.

2. Ethnic density: ethnic appearance of an avatar was
Dutch or North African. In the low ethnic density
condition, more than 80% of the avatars was Dutch
for non-Dutch participants and North African for
Dutch participants. In the high ethnic density condi-
tion, the ethnic distribution was the opposite.

3. Hostility: in the low-stress condition, avatars had a neu-
tral facial expression. When participants approached,
avatars looked only briefly at them, after which they
resumed their activities. In the stressful condition, ava-
tars looked in an angry, hostile fashion at participants
for 5 seconds, as participants approached, and also at
other, random, moments.

Experiments

All participants underwent 5 experiments of 4 minutes
each, in a single session. In all experiments, they were
instructed to explore the bar. Five avatars had a number
(0-99) on their clothing. In order to engage participants
in the experiment and to make them look at all avatars,
they had to find these avatars, and to report the highest
number and gender of the avatar with the highest number.
Virtual social stress was introduced at 4 levels:

1. No stress—quiet, high ethnic density and neutral
avatars;

2. One stressor—crowded;

3. Two stressors—(1) crowded and low ethnic density, (2)
crowded and hostile avatars;

4. Three stressors—crowded, low ethnic density and hos-
tile avatars.

High population density was part of all stress conditions,
because ethnic density and hostility could only be simu-
lated effectively with a high number of avatars. The order
of the experiments was random, except that the fifth
experiment always had at least 2 stressors.

Measures

Baseline. Sociodemographic characteristics included
age and sex. Ethnicity was defined as Dutch if the sub-
ject and both parents were born in the Netherlands, and
as non-Dutch in all other cases. Level of education was
classified as no/ primary education, vocational education
((V)MBO), higher secondary education (HAVO/VWO),
higher tertiary education (HBO/University). Paranoia
was assessed with the Green Paranoid Thoughts Scale
(GPTS),” social anxiety with the Social Interaction
Anxiety Scale (SIAS)?* and minor positive, negative and
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depressive symptoms with the Community Assessment
of Psychic Experiences (CAPE).”

During and After Experiments. In order to assess how
actively participants explored the virtual bar during the
experiments, their position in the bar was recorded every
second, and the distance between current and all other
recorded positions was calculated. The average of these
distance scores is an indication of distance covered dur-
ing the experiments; the SD reflects the degree to which
participants were at different positions in the bar.

After each experiment, participants were asked to rate
their maximum momentary subjective distress during the
experiment (SUD) in units on an analogue scale, with
range 0 (no distress at all) to 100 (worst possible distress).
Paranoid thoughts about avatars were measured after each
experiment with the State Social Paranoia Scale (SSPS).2

Statistical Analyses

All analyses were conducted with Stata version 11.
Differences in sociodemographic characteristics and
exploration behavior in the virtual bar between psycho-
sis liability groups were tested with Chi square tests (cat-
egorical variables) and ANOVA (continuous variables).
For the analyses of the effects of virtual social stress-
ors on paranoia and subjective distress, multilevel ran-
dom intercept regression models were used, taking into
account the repeated measure structure of the data. The
B is the fixed regression coefficient of the predictor in the
multilevel model. We analyzed the data using the multi-
level random intercept XTREG procedure in Stata. First,
effects of social stressors were investigated. For each sub-
ject, SSPS and SUD scores of experiments 3a and 3b (see
Experiments) were summed together and divided by 2, in
order to create average paranoia and distress scores for
experiments with 2 stressors. Regression models were
fitted with paranoia and peak subjective distress during
experiments as dependent variables, number of stressors
as independent variable and age, sex, level of education
and psychosis liability as covariates. To estimate effect
sizes of the separate stressors, Stata LINCOM proce-
dure was used. Thus, the effect of population density was
calculated by comparing stress level 2 with level 1, the
ethnic density effect by comparing level 3a with level 2,
and the effect of hostility by comparing level 3b with level
2. Second, differences in paranoia and subjective distress
in VR between psychosis liability groups were examined.
Third, associations between baseline symptoms and
paranoia and distress in VR were explored, irrespective
of psychosis liability group. Symptom domains were
analyzed separately, but also entered simultaneously in a
regression model, to test which baseline symptoms con-
tributed most to paranoia and distress in VR. Fourth,
interaction terms between social stress on the one hand,
and psychosis liability and baseline symptoms on the
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other were added to the models. B coefficients of the
main effects and the interaction terms were compared
using the MARGINS dydx procedure, estimating linear
marginal effects at the different virtual social stress levels.

Results

Fifty-three healthy controls, 42 siblings, 20 patients at
UHR for psychosis, and 55 patients with psychotic dis-
order were included. Sociodemographic characteristics,
baseline level of symptoms and use of psychotropic
medication are shown in table 1. The UHR and psycho-
sis groups had significantly higher levels of all symptoms
than controls, and psychosis patients had a lower level of
education. The proportion of males was much higher in
the psychosis group than in the other groups.

ANOVA showed a difference between the psychosis
liability groups in distance covered by participants dur-
ing the experiments (F = 2.864, df = 3, P = .039). No
statistically significant differences remained in post hoc
Bonferroni corrected group comparisons (supplemen-
tary table 1). There was only a trend level significance of
lower distance covered by the psychosis group compared
to controls (mean difference 0.28, 95% CI, —0.01-0.57,
P =.063). SD scores, indicating variation in positions, did
not differ between groups.

Virtual social stress elicited paranoid thoughts and sub-
jective distress in participants. Table 2 shows that both

Table 1. Characteristics of Study Sample

measures increased with increasing numbers of virtual
stressors. The B of the linear effect of number of social
stressors on paranoia, adjusted for age, sex, level of edu-
cation and psychosis liability, was 2.74 (95% CI: 2.31-
3.17, P < .0005). The adjusted B of the linear effect of
social stressors on subjective distress was 2.26 (95% CI,
1.52-3.00, P < .0005). Of the specific virtual stressors,
population density (linear combination of experiment 2
compared to 1) had a strong positive effect on both para-
noia and distress (table 3). Hostility (linear combination
of experiment 3b compared to 2) was significantly and
positively associated with paranoia, but not with sub-
jective distress. Ethnic density (linear combination of
experiment 3a compared to 2) was associated with neither
paranoia nor distress.

Compared to subjects with low psychosis liability,
those with high liability reported more paranoia and sub-
jective distress in VR (table 3), B 3.62 (95% CI, 1.39-5.84)
and 17.94 (10.99-24.90), respectively. Of the separate lia-
bility groups, only UHR patients had significantly higher
paranoia than healthy controls; the UHR and psychosis
groups had higher levels of distress (figure 2).

Baseline levels of paranoid thoughts, social anxiety,
(minor) positive, negative and depressive symptoms were
all strongly associated with both paranoia and subjec-
tive distress in VR, with B’s ranging from 0.13 to 2.68
(supplementary table 2). When all baseline symptom
domains were entered simultaneously in the regression

Controls (N = 53) Siblings (N = 42) UHR (N = 20) Psychosis (N = 55)
Sociodemographic
Age 24.6 (4.4) 26.4 (4.8) 24.0 (4.5) 26.0 (4.7)
Male sex, N (%) 25(47.2) 23 (54.8) 7(35.0) 42 (76.4)
Non-Dutch origin, N (%) 16 (30.2) 11 (26.2) 5(25.0) 26 (47.3)
Level of education, N (%)
No/primary 0(0.0) 0(0.0) 0(0.0) 3 (5.5
Vocational ((V)MBO) 13 (24.5) 11 (26.2) 8 (40.0) 25 (45.5)
Higher secondary (HAVO/VWO) 10 (18.9) 4(9.5) 5(25.0) 10 (18.2)*
Higher tertiary (HBO/University) 30 (56.6) 26 (61.9) 7 (35.0) 17 (30.9)*
Symptoms®
Paranoid thoughts 37.5(9.1) 36.1(6.1) 69.0 (26.6)* 56.2 (30.6)*
Social anxiety 16.8 (11.6) 15.6 (10.4) 38.6 (19.7) 28.3 (16.1)*
Depressive symptoms 12.5(2.8) 12.3(2.2) 20.4 (4.7)* 14.8 (3.4)*
Positive symptoms 24.3 (4.6) 23.6 (3.1) 31.7 (7.5 31.2(8.8)*
Negative symptoms 21.5(4.6) 21.2(3.7) 32.4(7.9) 27.1(6.3)*
Use of psychotropic medication, N (%)°
None 49 (94.2) 39(92.9) 6(30.0) 18 (32.7)
Antipsychotic 0(0.0) 0(0.0) 0(0.0) 35(63.6)
Antidepressant 1(1.9) 1(2.4) 12 (60.0) 50.1)
Benzodiazepine 0(0.0) 0(0.0) 4(20.0) 6(10.9)
Other 2(3.8) 2(4.8) 5(25.0) 2(3.6)

Note: UHR, Ultra High Risk.

2P < .05, ANOVA or Chi-square test with post hoc comparisons, controls as comparison group.
PParanoid thoughts assessed with Green Paranoid Thougths Scale, Social Anxiety with Social Interaction Anxiety Scale, other symptoms

with Community Assessment of Psychic Experiences.
“Self-report.
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Table 2. Paranoid Thoughts and Subjective Distress in Virtual Reality, by Degree and Type of Virtual Social Stress

Virtual Social Stress Condition Mean (SD) B 95% CI P-value
Paranoia
Number of stressors
No stress 13.60 (6.2) — — —
1 stressor 16.25 (8.1) 2.66 1.35-3.96 <.0005
2 stressors 16.78 (9.3) 3.17 1.854.49 <.0005
3 stressors 22.51(11.4) 9.14 7.82-10.45 <.0005
Population density — 2.65 1.31-3.99 <.0005
Ethnic density — 0.55 -0.81-1.91 426
Hostility — 6.01 4.66-7.36 <.0005
Subjective distress
Number of stressors
No stress 26.96 (24.4) — — —
1 stressor 32.81(26.3) 5.41 3.11-7.71 <.0005
2 stressors 31.68 (25.0) 5.13 2.84-7.42 <.0005
3 stressors 34.48 (27.6) 7.60 5.30-9.90 <.0005
Population density — 5.38 3.01-7.74 <.0005
Ethnic density — -1.35 —3.75-1.04 269
Hostility — 0.50 -1.87-2.89 .678

Note: *Multilevel random regression analysis regression coefficient B, adjusted for age, sex, ethnicity, level of education and psychosis
liability; compared to the no stress condition. B coefficients of separate stressors calculated by comparisons of the linear effects of 2

conditions (see text).

Table 3. Paranoia and Subjective Distress in Virtual Reality, by Psychosis Liability Group

Paranoia Subjective Distress

Psychosis Liability Group B 95% CI P-value B 95% CI P-value
Low?® — — — — — —
High 3.62 1.39-5.84 .001 17.94 10.99-24.90 <.0005
Controls — — — — — —
Siblings -1.86 —4.72-1.00 203 —4.09 —13.02-4.83 369
UHR 3.80 0.24-7.37 .037 17.90 6.68-29.13 .002
Psychosis 2.36 —0.43-5.16 .097 15.37 6.60-24.14 .001

Note: *Multilevel random regression analysis regression coefficient B, adjusted for age, sex, ethnicity, level of education and virtual

experiment. Low liability and controls as reference groups.

"Healthy controls and siblings classified as low psychosis liability, UHR and psychosis as high liability.

model, adjusted for age, sex, ethnicity, level of education
and virtual experiment, paranoia in VR was predicted
significantly only by depressive symptoms (B 0.60, 95%
CI, 0.18-1.02, P = .005); subjective distress was associ-
ated only with social anxiety (B 0.39, 95% CI, 0.11-0.68,
P =.007).

The effects of baseline symptoms on paranoia and sub-
jective distress increased with level of virtual social stress.
Adjusted interaction terms between social stress on the
one hand and paranoid thoughts, social anxiety, positive,
depressive and negative symptoms on the other, were all
statistically significant, except for the interaction between
social stress and paranoid thoughts on subjective distress
(P = .057). Table 4 shows how B coefficients of the lin-
ear marginal effects of symptoms increased at the differ-
ent levels of social stress exposure. Strongest interaction
effects were found with depressive symptoms. There was

no significant interaction between social stress expo-
sure and psychosis liability group, except for a stronger
increase in paranoia with increasing social stress for the
UHR group compared to controls (B interaction term
1.59, 95% CI 0.15-3.02, P = .03; B’s of marginal effects
UHR group compared to controls 1.56 [-2.57-5.69], 3.14
[-0.49-6.77], 4.73 [1.07-8.39] and 6.32 [2.10-10.53] for
0-3 social stressors, respectively).

Discussion

This VR study provides experimental evidence of
social stress sensitivity as a mechanism linking environ-
ment and psychosis. Paranoia and subjective distress
increased with degree of social stress in the environ-
ment. High psychosis liability, pre-existing (minor)
affective and, to a lesser degree, psychotic symptoms
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Fig. 2. Paranoia and subjective distress in Virtual Reality (VR), by degree of virtual social stress and psychosis liability.

Table 4. Effects of Baseline Symptoms on Paranoid and Stress Response, at Different Levels of Virtual Social Stress Exposure

Paranoid Thoughts Social Anxiety Depressive Symptoms  Positive Symptoms Negative Symptoms
B 95% CI B 95% CI B 95% CI B 95% CI B 95% CI
Paranoia
No stress 0.08  0.03-0.13  0.09 0.01-0.17 0.47 0.17-0.78 0.29 0.12-0.46 0.20 0.01-0.38
1 stressor 0.11  0.07-0.16  0.13 0.06-0.20 0.70 0.43-0.97 0.38 0.23-0.53 0.30 0.13-0.46
2 stressors 0.15 0.10-0.19  0.18 0.10-0.25 0.93 0.66-1.20 0.47 0.32-0.62 0.39 0.23-0.56
3 stressors 0.18 0.13-024  0.22 0.14-0.30 1.16 0.85-1.47 0.56 0.38-0.73 0.49 0.31-0.68
Subjective distress
No stress 042 0.27-0.57 0.62 0.39-0.85 2.13 1.22-3.03 1.19 0.69-1.68 1.17 0.64-1.71
1 stressor 0.45 0.30-0.59 0.68 0.46-0.89 2.49 1.62-3.36 1.34 0.86-1.82 1.30 0.79-1.81
2 stressors 0.48 0.33-0.62 0.73 0.51-0.95 2.86 1.99-3.73 1.49 1.02-1.97 1.42 0.91-1.93
3 stressors 0.51  0.35-0.66  0.79 0.56-1.02 3.22 2.32-4.13 1.65 1.15-2.15 1.54 1.01-2.08

Note: *Multilevel random regression analysis, B coefficients, adjusted for age, sex, ethnicity and level of education, estimated using Stata
margins dydx procedure, at the 4 levels of virtual social stress. All coefficients statistically significant (P < .05).

were associated with more paranoia and distress in
social environments. Pre-existing symptoms had stron-
ger impact on paranoia and distress when level of envi-
ronmental social stress increased.
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Environmental studies of psychosis are generally compli-
cated by subjective retrospective information about social
environment and events. Momentary assessment studies
are closer to the action, but cannot control occurrence of
events and remain dependent on subjective information
about the environment. This study was the first to expose
individuals experimentally to controlled complex social
environments with different degrees of social stressors.
Environmental social stress exposures were identical for
all participants, except for the ethnic appearance of ava-
tars, which depended on the ethnicity of the participant.
Type and degree of environmental stress were controlled.
It should be noted that participants could avoid exposure
to a certain degree, as they navigated through the envi-
ronments themselves and were free to choose where to
look. To minimize variation in exposure, participants had
a simple task that required extensive exploration of the
VR environment and the avatars. Recording data of the
position of participants in the virtual bar during experi-
ments suggest that distance and area covered did not dif-
fer substantially between psychosis liability groups.

The study had several limitations. The virtual environ-
ment was simulated, not photo-realistic and evidently still
less complex than real life, which may reduce ecological
validity. Previous studies, however, using similar VR soft-
ware and environments, showed that experiences in these
environments were correlated to real life experiences and
symptoms, that participants reported all kinds of thoughts
and feelings about avatars, and that virtual environments
are sufficiently realistic to practice social behavior. 323

As there was no experiment with non-social stressors (eg,
noise), it cannot be ruled out that the amount of stimuli in
VR was more important than the social nature of the stress-
ors. The additional effect of avatars’ hostile looks compared
to a similar environment with neutral avatars, however, sug-
gests that the social aspect of stressors does matter.

While the psychosis group had significantly higher para-
noid thoughts and other symptoms than controls and sib-
lings, their level of symptoms was lower than that of the
UHR group, suggesting that many had already partially
recovered. The majority of the psychosis group and nobody
in the UHR group reported using antipsychotic medication,
which may have contributed to the higher symptom level
in the UHR group, and may have led to underestimation
of the psychosis liability effect on paranoia and distress in
VR. Another limitation is that the number of participants
in the separate groups was relatively small, in particular in
the UHR group, implicating that the analyses of separate
group should be interpreted with caution.

Environmental Social Stress and Psychosis

Current theories of psychosis state that environmental
social stress contributes to the onset of psychosis by a
process of sensitization, in interaction with liability to
psychosis and subclinical symptoms."33! This liability can
be caused by genetic factors, or by perinatal or childhood

Social Stress, Psychosis and Virtual Reality

environmental insults. Subsequent experiences of social
stress may lead to an increasingly dysregulated dopamine
system, as a result of which aberrant salience is assigned
to environmental stimuli. Negative affect, dysfunctional
cognitive schemas and more stress will build up.* This
vicious circle of sensitization and dopamine dysregula-
tion eventually may lead to a psychotic state of delusions,
hallucinations and negative symptoms.® Our study sup-
ports these theories in several ways.

First, environmental social stress elicited paranoia and
subjective distress in a dose-response fashion. More VR
stressors resulted in greater levels of paranoia and distress.
Not all separate stressors, however, had the same impact.
Population density and hostility were significantly asso-
ciated with paranoia, and only population density with
subjective distress. Ethnic density was related to neither
outcome measure, possibly because the majority of the
participants was Dutch (66%) and ethnic density effects
have primarily been described among ethnic minorities.*
In addition, our non-Dutch avatars had a North African
appearance, whereas most non-Dutch participants had
an ethnic background other than North African.

Second, paranoia and distress in VR were stronger
in those with higher psychometric psychosis liability,
phenotypically defined as having (subclinical) psychotic
symptoms. Genetic risk for psychosis was not associated
with paranoia and stress, as siblings had similar responses
as controls. UHR patients had the strongest response to
social stress exposure. Use of antipsychotic medication
might explain the dampening of psychotic symptoms and
distress in the FEP patients compared to the UHR group.

Third, minor negative, psychotic and in particular
depressive symptoms predicted paranoia and distress in
VR. Negative affective state was an important driver of
the psychotic and stress response to social stress exposure.
This is consistent with cognitive models of paranoia® in
which negative affect is a core component in the develop-
ment of paranoid delusions. An “affective route” to psy-
chosis has been proposed, in which daily social stressors
negatively influence affect, and disturbed affect in turn
worsens biased appraisal of events and dysfunctional
externalizing cognitions, eventually leading to paranoid
delusions and other psychotic experiences.!! Experience
sampling studies also show that momentary negative
affect predicts momentary paranoia in daily life.!"

Clinical Implications

We have demonstrated that it is possible to expose patients
with psychosis and UHR patients to complex virtual
social environments, and that exposure to these environ-
ments leads to meaningful responses, which are associ-
ated with clinical symptom profile. Exposure therapy
for paranoia can be envisioned, with gradual, controlled
exposure to increasingly stressful and paranoia-inducing
social situations simulated in VR. Our group is currently
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developing and testing such a VR exposure treatment.
Several other pilot VR treatment studies have recently
been published,” it can be expected that more applica-
tions will be developed over the next few years.

The results of this study suggest that reactivity to daily
social stress may be an important target for treatment in
patients with high levels of psychosis liability. Reactivity may
be modified by focusing on negative affect, biased appraisals
and dysfunctional cognitive schemas in cognitive behavioral
therapy, or by stress reduction techniques such as relaxation
or meditation.*** Preliminary VR stress management stud-
ies were published recently, suggesting that this may repre-
sent a promising approach for reducing stress reactivity.’**’

Supplementary Material

Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.

Funding

This work was supported by the Netherlands Organiza-
tion for Health Research and Development (Veni
916.12.013 to W.V.), and by the European Community’s
Seventh Framework Program (EU-GEI project,
HEALTH-F2-2009-241909 to J.vO.).

Acknowledgment

The authors have declared that there are no conflicts of
interest in relation to the subject of this study.

References

1. van Os J, Kenis G, Rutten BPF. The environment and schizo-
phrenia. Nature. 2010;468:203-212. doi:10.1038/nature09563.

2. Pedersen CB, Mortensen PB. Evidence of a dose-response
relationship between urbanicity during upbringing and
schizophrenia risk. Arch Gen Psychiatry. 2001;58:1039-1046.
doi:http://dx.doi.org/10.1001/archpsyc.58.11.1039.

3. Varese F, Smeets F, Drukker M, et al. Childhood adversities
increase the risk of psychosis: a meta-analysis of patient-con-
trol, prospective-and cross-sectional cohort studies. Schizophr
Bull. 2012:38:661-671. doi:10.1093/schbul/sbs050.

4. Veling W, Susser E, van Os J, Mackenbach JP, Selten J-P,
Hoek HW. Ethnic density of neighborhoods and incidence
of psychotic disorders among immigrants. Am J Psychiatry.
2008;165:66—73. doi:10.1176/appi.ajp.2007.07030423.

5. Kirkbride JB, Morgan C, Fearon P, Dazzan P, Murray RM,
Jones PB. Neighbourhood-level effects on psychoses: re-
examining the role of context. Psychol Med. 2007;37:1413—
1425. doi:10.1017/S0033291707000499.

6. Phillips L], Francey SM, Edwards J, McMurray N. Stress and
psychosis: towards the development of new models of inves-
tigation. Clin Psychol Rev. 2007;27:307-317. doi:10.1016/j.
¢pr.2006.10.003.

7. Alvarez-Jimenez M, Priede A, Hetrick SE, et al. Risk
factors for relapse following treatment for first episode

1370

10.

11.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

psychosis: a systematic review and meta-analysis of longitu-
dinal studies. Schizophr Res.2012;139:116-128. doi:10.1016/j.
schres.2012.05.007.

. Howes OD, Murray RM. Schizophrenia: an integrated soci-

odevelopmental-cognitive model. Lancet. 2014;383:1677—
1687. doi:10.1016/S0140-6736(13)62036-X.

. van der Werf M, van Winkel R, van Boxtel M, van Os J.

Evidence that the impact of hearing impairment on psychosis
risk is moderated by the level of complexity of the social envi-
ronment. Schizophr Res. 2010;122:193-198. doi:10.1016/j.
schres.2010.05.020.

Selten J-P, van der Ven E, Rutten BPF, Cantor-Graae E. The
social defeat hypothesis of schizophrenia: an update. Schizophr
Bull. 2013;39:1180-1186. doi:10.1093/schbul/sbt134.
Myin-Germeys I, van Os J. Stress-reactivity in psychosis: evi-
dence for an affective pathway to psychosis. Clin Psychol Rev.
2007;27:409-424. doi:10.1016/j.cpr.2006.09.005.

. Ellett L, Freeman D, Garety PA. The psychological effect of

an urban environment on individuals with persecutory delu-
sions: the Camberwell walk study. Schizophr Res. 2008;99:77—
84. doi:10.1016/j.schres.2007.10.027.

. Freeman D, Emsley R, Dunn G, et al. The stress of the street

for patients with persecutory delusions: a test of the sympto-
matic and psychological effects of going outside into a busy
urban area. Schizophr Bull. 2015;41:971-979. doi:10.1093/
schbul/sbul73.

Collip D, Oorschot M, Thewissen V, Van Os J, Bentall
R, Myin-Germeys I. Social world interactions: how com-
pany connects to paranoia. Psychol Med. 2011;41:911-921.
doi:10.1017/S0033291710001558.

Myin-Germeys I, van Os J, Schwartz JE, Stone AA, Delespaul
PA. Emotional reactivity to daily life stress in psychosis.
Arch Gen Psychiatry. 2001;58:1137-1144. doi:http://dx.doi.
org/10.1001/archpsyc.58.12.1137.

Sanchez-Vives MV, Slater M. From presence to conscious-
ness through virtual reality. Nat Rev Neurosci. 2005;6:332—
339. doi:10.1038/nrn1651.

Veling W, Moritz S, van der Gaag M. Brave new worlds—
review and update on virtual reality assessment and treat-
ment in psychosis. Schizophr Bull. 2014;40:1194-1197.
Valmaggia L, Freeman D, Green C, et al. Virtual reality
and paranoid ideations in people with an “at-risk men-
tal state”for psychosis. Br J Psychiatry. 2007;1:63-68.
doi:http://dx.doi.org/10.1192/bjp.191.51.563.

Valmaggia LR, Day F, Garety P, et al. Social defeat pre-
dicts paranoid appraisals in people at high risk for psy-
chosis.  Schizophr  Res. 2015;168:16-22. doi:10.1016/j.
schres.2015.07.050.

Valmaggia LR, Day FL, Kroll J, et al. Bullying victimisa-
tion and paranoid ideation in people at ultra high risk for
psychosis.  Schizophr Res. 2015;168:68-73. doi:10.1016/j.
schres.2015.08.029.

Wing JK, Babor T, Brugha T, et al. SCAN. Schedules
for Clinical Assessment in Neuropsychiatry. Arch
Gen  Psychiatry.  1990;47:589-593.  doi:10.1001/archp
syc.1990.01810180089012.

Andreasen NC, Flaum M, Arndt S. The Comprehensive
Assessment of Symptoms and History (CASH). An instrument
for assessing diagnosis and psychopathology. Arch Gen Psychiatry.
1992;49:615-623. doi:10.1001/archpsyc.1992.01820080023004.
Yung AR, Yuen HP, McGorry PD, et al. Mapping the
onset of psychosis: the comprehensive assessment of at-
risk mental states. Aust N Z J Psychiatry. 2005;39:964-971.
doi:10.1111/5.1440-1614.2005.01714.x.


http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbw031/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbw031/-/DC1
http://www.ncbi.nlm.nih.gov/pubmed/11695950
http://www.ncbi.nlm.nih.gov/pubmed/11735842
http://www.ncbi.nlm.nih.gov/pubmed/11735842
http://bjp.rcpsych.org/content/191/51/s63.short

24.

25.

26.

27.

28.

29.

30.

Veling W, Brinkman W-P, Dorrestijn E, van der Gaag M.
Virtual reality experiments linking social environment and
psychosis: a pilot study. Cyberpsychol Behav Soc Netw.
2014;17:191-195. doi:10.1089/cyber.2012.0497.

Green CEL, Freeman D, Kuipers E, et al. Measuring ideas
of persecution and social reference: the Green ef al. Paranoid
Thought Scales (GPTS). Psychol Med. 2008;38:101-111.
doi:10.1017/S0033291707001638.

Mattick RP, Clarke JC. Development and validation of
measures of social phobia scrutiny fear and social interac-
tion anxiety. Behav Res Ther. 1998;36:455-470. doi:10.1016/
S0005-7967(97)10031-6.

Konings M, Bak M, Hanssen M, van Os J, Krabbendam L.
Validity and reliability of the CAPE: a self-report instru-
ment for the measurement of psychotic experiences in the
general population. Acta Psychiatr Scand. 2006;114:55-61.
doi:10.1111/5.1600-0447.2005.00741.x.

Freeman D, Pugh K, Green C, Valmaggia L, Dunn G, Garety
P. A measure of state persecutory ideation for experimental
studies. J Nerv Ment Dis. 2007;195:781-784. do0i:10.1097/
NMD.0b013e318145a0a9.

Fornells-Ambrojo M, Freeman D, Slater M, Swapp D, Antley
A, Barker C. How do people with persecutory delusions
evaluate threat in a controlled social environment? A quali-

tative study using virtual reality. Behav Cogn Psychother.
2013;43:1-19. doi:10.1017/S1352465813000830.

Rus-Calafell M, Gutiérrez-Maldonado J, Ribas-Sabaté J. A
virtual reality-integrated program for improving social skills

31.

32.

33.

34.

35.

36.

37.

Social Stress, Psychosis and Virtual Reality

in patients with schizophrenia: a pilot study. J Behav Ther Exp
Psychiatry. 2014;45:81-89. doi:10.1016/j.jbtep.2013.09.002.

Heinz A, Deserno L, Reininghaus U. Urbanicity, social
adversity and psychosis. World Psychiatry. 2013;12:187-197.
d0i:10.1002/wps.20056.

Freeman D, Garety PA, Kuipers E, Fowler D, Bebbington
PE. A cognitive model of persecutory delusions. Br J Clin
Psychol. 2002;41:331-347. doi:10.1348/014466502760387461.

Bosqui TJ, Hoy K, Shannon C. A systematic review and
meta-analysis of the ethnic density effect in psychotic disor-
ders. Soc Psychiatry Psychiatr Epidemiol. 2014;49:519-529.
doi:10.1007/300127-013-0773-0.

Vancampfort D, Vansteelandt K, Scheewe T, et al. Yoga
in schizophrenia: a systematic review of randomised con-
trolled trials. Acta Psychiatr Scand. 2012;126:12-20.
doi:10.1111/5.1600-0447.2012.01865.x.

Vancampfort D, Correll CU, Scheewe TW, et al. Progressive
muscle relaxation in persons with schizophrenia: a system-
atic review of randomized controlled trials. Clin Rehabil.
2013;27:291-298. doi:10.1177/0269215512455531.

Annerstedt M, Jonsson P, Wallergird M, et al. Inducing
physiological stress recovery with sounds of nature in a vir-
tual reality forest--results from a pilot study. Physiol Behav.
2013;118:240-250. doi:10.1016/j.physbeh.2013.05.023.
Gaggioli A, Pallavicini F, Morganti L, et al. Experiential virtual
scenarios with real-time monitoring (interreality) for the man-
agement of psychological stress: a block randomized controlled
trial. J Med Internet Res. 2014;16:¢167. doi:10.2196/jmir.3235.

1371



