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Abstract

Background. No studies have investigated the effects of virtual reality (VR) on the persecutory
idea of reference (IOR) or delusions of reference (DOR) in patients with psychosis. This study
examined the efficacy and safety of VR therapy in stable outpatients with psychosis and explored
relationships between primary outcomes and psychological factors using path analysis.
Methods. Seventy-eight patients were randomly assigned to either the VR-treatment (VR-T) or
VR-control (VR-C) group. The VR-T group viewed three 360° 3D videos or four animated
videos; the VR-C group viewed the same seven videos with muted voices or 11 360° 3D videos of
natural scenes. Pre- and post-assessments were performed using the Psychotic Symptom Rating
Scale-Delusions (PSYRATS-D) and Revised Green et al. Paranoid Thought Scale (R-GPTS) as a
primary outcome measure. Several self-rating scales measuring schema, depression, brooding,
negative evaluation, attribution bias, and self-esteem were administered. Safety was assessed
after sessions 1 and 10, and path models were constructed.

Results. Between-group analysis showed a significant improvement in PSYRATS-D scores in
the VR-T group compared with the VR-C group. Regarding self-rating scales, the between-
group analysis revealed a significant group X time interaction only for the Social and Occupa-
tional Functioning Assessment Scale (SOFAS) score. The frequency of VR sickness was high, but
its severity was mild. Fear of Negative Evaluation Scale and Beck Depression Inventory scores
were found to have mediating roles.

Conclusions. VR therapy effectively reduced delusions in young, stable psychosis patients with
mild and tolerable side effects. Future studies should develop diverse VR content for older
populations.

Introduction

Ideas of reference (IOR) involve self-attributions about events in one’s surroundings, particularly
in social contexts, where unimportant stimuli are interpreted as being directed at oneself (Colori,
2017). IOR, among the most common symptoms of psychotic disorders (World Health Organ-
ization, 1973), also are observed in various other conditions, including mood and personality
disorders (Colori, 2017; Meyer & Lenzenweger, 2009). They often emerge during the prodromal
period of psychosis (Bendala-Rodriguez, Senin-Calderdn, Peluso-Crespi, & Rodriguez-Testal,
2019) and appear in the residual phase of schizophrenia spectrum disorders (SSDs) (Schennach
etal., 2015). Many stable outpatients with psychosis report ongoing IOR of a persecutory nature
and mild persecutory delusions. Psychological factors or states linked to the development of IOR
and persecutory delusions include attributional bias (Kaney & Bentall, 1989; Kinderman &
Bentall, 1996), depression (Rodriguez-Testal, Bendala-Rodriguez, Perona-Garcelan, & Senin-
Calderdn, 2019), low self-esteem (Cicero & Kerns, 2011), negative beliefs about the self and others
(Freeman et al., 2002; Lyon, Kaney, & Bentall, 1994), rumination (Wong et al., 2021), and social-
evaluative concerns (Freeman et al., 2005). A comprehensive understanding of how these factors
interact with each other using path analysis might help in targeting core symptoms in the
treatment of patients with IOR.

Virtual reality (VR) has been identified as a potentially revolutionary tool for treating mental
disorders. VR can be used to trigger cognitive, emotional, physiological, and behavioral responses
to simulated real-life situations (Martens et al., 2019) while offering consistent, controlled,
graded, repetitive, and systematic therapeutic training (Freeman et al., 2017). In the field of
psychosis, the safety and acceptability of VR were initially tested (Fornells-Ambrojo et al., 2008;
Valmaggia et al., 2007), followed by evaluations of its effects on cognition and symptoms
(Fajnerova et al., 2014; Ruse et al., 2014; Veling et al., 2016). The application of VR has gradually
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expanded to cognitive remediation, social skills training, vocational
training, and the treatment of delusions and auditory hallucin-
ations (Rus-Calafell et al, 2018). Seven studies have used VR
therapy to manage persecutory delusions, paranoia, and agorapho-
bic avoidance (Dellazizzo, Potvin, Phraxayavong, & Dumais, 2021;
Freeman et al., 2016, 2022; Gega et al., 2013; Geraets et al., 2020;
Moritz et al., 2014; Pot-Kolder et al., 2018). However, only four of
those studies were randomized controlled trials (RCT) involving
multiple sessions. Among these, two measured IOR by using the
Green et al. Paranoid Thought Scale (GPTS) (Pot-Kolder et al.,
2018) or Revised Green et al. Paranoid Thought Scale (R-GPTS)
(Freeman et al., 2022). The former observed significant improve-
ment of IOR with 16 sessions but the latter no improvement with
6 sessions. It is of note that the baseline score of the GPTS in the
former was modestly high and the score of the R-GPTS in the latter
was low and similar to ours. In Dellazizzo et al. study (2021), the
target subjects were patients with treatment-resistant schizophre-
nia and 9 sessions were provided. In Geraets et al. study (Geraets
et al., 2020), although patients were recruited with the inclusion
criteria of GPTS >40, the outcome measure was an experience
sampling method, and 16 sessions were performed. All three
non-RCT employed one session. Although Gega et al. study
(Gega et al., 2013) used GPTS, they reported only the total score
and the number of participants was 6. Several VR studies conducted
in Asian countries have mainly focused on social skills and voca-
tional training (Chan, Ngai, Leung, & Wong, 2010; Ku et al., 2007;
Park et al, 2011; Tsang & Man, 2013); only one investigated
VR-based mindfulness training (Lee et al,, 2023). Based on the
review of relevant literature, we hypothesized that VR therapy with
longer sessions would lead to a reduction in IOR or delusion of
reference (DOR) in stable outpatients with psychosis and its thera-
peutic effects could be mediated by the influence on the psycho-
logical factors mentioned above.

The present study aimed to evaluate the efficacy and safety of VR
treatment (VR-T) for persecutory IOR and DOR in stable out-
patients with psychosis. The primary outcome measures were Psych-
otic Symptom Rating Scale-Delusions (PSYRATS-D) and Revised
Green et al. Paranoid Thought Scale (R-GPTS). In addition, path
analysis was conducted to examine direct, indirect, and mediation
effects related to the primary outcome measures and pre-defined
psychological factors (attributional bias, depression, low self-esteem,
negative beliefs, rumination, and social-evaluative concerns).

Methods
Participants

Patients were recruited from six psychiatric outpatient clinics —
Jeonbuk National University Hospital, Kyungpook National Uni-
versity Hospital, Chonnam National University Hospital, Catholic
University of Korea Seoul St. Mary’s Hospital, Yeungnam Univer-
sity Medical Center, and Inje University Haeundae Paik Hospital —
between August 2022 and May 2024. The inclusion criteria were as
follows: diagnosis of an SSD (schizophrenia, schizoaffective dis-
order, or schizophreniform disorder) or another psychotic disorder
(other specified schizophrenia spectrum and other psychotic dis-
orders, and unspecified schizophrenia spectrum and other psych-
otic disorders), age 15-59 years, and stable outpatient status with no
medication changes in the preceding 2 months. Diagnoses were
based on the criteria of the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (American Psychiatric Association
& Association, 2013). The exclusion criteria were as follows:
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intelligence quotient <70; history of head trauma; acute, unstable,
or severe medical/neurological condition; and pregnancy or lacta-
tion. Experienced psychiatrists from each institute evaluated the
final diagnosis and invited patients to participate in the study.
Initially, 90 individuals who met the criteria were randomly
approached, and 12 declined to participate. The remaining
78 patients were randomly assigned to the VR-T or VR-control
(VR-C) groups using a validated online randomizer (https://
www.randomizer.org/). The authors affirm that all procedures in
this study adhere to the ethical standards of the relevant national
and institutional review boards and the 1975 Declaration of Hel-
sinki (as amended in 2008). All procedures involving human par-
ticipants were approved by the Ethics Committee of Jeonbuk
National University Hospital (approval number: CUH 2022-04-
018). The trial was registered with the Clinical Research Informa-
tion Service (KCT0007710).

Measures

Sociodemographic data (sex, age, age of onset, and education),
clinical information (duration of illness and diagnosis), and medi-
cation data were collected by research nurses via chart review and
psychiatrists reevaluated. The total daily dose of antipsychotics at
baseline was converted to chlorpromazine equivalents based on the
defined daily dose (Leucht, Samara, Heres, & Davis, 2016). Psy-
chopathology and functioning were assessed using the Positive and
Negative Syndrome Scale (PANSS) (Kay, Fiszbein, & Opler, 1987;
Yi et al, 2001), PSYRATS-D and PSYRATS-Auditory Hallucin-
ations (PSYRATS-AH) (Haddock, McCarron, Tarrier, & Faragher,
1999), Clinical Global Impression-Schizophrenia (CGI-SCH)
(Busner & Targum, 2007), and Social and Occupational Function-
ing Assessment Scale (SOFAS) (Goldman, Skodol, & Lave, 1992).
The raters were psychiatrists with at least 2 years of experience in
administering these scales; they were blinded to the group assign-
ments. The R-GPTS (Freeman et al., 2021), Brief Core Schema Scale
(BCSS) (Fowler et al., 2006), Beck Depression Inventory (BDI)
(Beck, Steer, & Brown, 1987), Brooding Scale (BS) (Kim et al.,
2019), Fear of Negative Evaluation Scale (FNES) (Leary, 1983),
Internal Personal and Situational Attribution Questionnaire
(IPSAQ) (Kinderman & Bentall, 1996), and Self Esteem Scale
(SES) (Rosenberg, 1965) self-rating scales also were used. Assess-
ments were completed within the week before session 1 and within
the week after session 10. The PSYRATS-D and R-GPTS scores
were the primary outcome measures to operationalize DOR and
persecutory IOR. VR sickness was assessed using the Simulator
Sickness Questionnaire (Kennedy, Lane, Berbaum, & Lilienthal,
1993).

Procedures

This study was a single-blind randomized clinical trial. Both the
raters and the statistician were blinded to group assignments.
During the trial, discussing patients by name or other potentially
identifying information was strictly prohibited. The VR-T group
completed 10 weekly sessions, each supervised by psychiatrists with
at least 2 years of experience. Sessions began with a brief conver-
sation (2—3 min) about the patients’ referential thinking over the
past week. After donning the head-mounted display (HMD, Meta
Quest 2), patients watched 5-min educational videos that were
developed by the authors. There were three videos: the first, which
addressed the concept and causes of IOR, was viewed during
sessions 1-3; the second, focused on raising awareness of low self-
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esteem, negative thoughts, and past trauma related to IOR, was
shown during sessions 4-7; and the third, which covered coping
strategies to overcome IOR (including avoiding rumination, practi-
cing self-assertion/healthy aggression, and reality testing), was
presented during sessions 8-10. After patients had viewed the
educational videos, they were exposed to 360° 3D three treatment
videos depicting conversations among actors, all of whom were
native Koreans, in settings such as a café, hospital, and walkway, or
four animated videos set in a bus station, classroom, hospital, and
walkway (Supplementary Figure 1). Patients were encouraged to
select videos set in locations where they typically experienced IOR.
The conversations either involved activities of daily life (‘chatting’)
or focused on ‘gossiping’, with adjustable volume. Because patients
were more sensitive to low-volume conversations and gossiping,
the volume was controlled to facilitate reality testing. Depending on
the duration of the video selected, two or three videos were played
during each session which was adjusted to 20-25 min. Between the
videos, psychiatrists asked patients whether, and to what extent,
they experienced IOR, such as ‘Did you feel that they were talking
about you?” and ‘How confident are you and what percentage are
you certain that they were definitely talking about you? The
conviction percentage (0%—100%) was used in the next session to
help patients recognize that the percentage can be decreased or
changed when exposed to the same videos and learn that their
thoughts could be flexible. For the purpose of reality testing,
patients were encouraged not to feel intimidated, but rather to
observe the actors’ faces and listen carefully so that they could be
aware that the conversation was irrelevant to them.

The VR-C group was supervised by research nurses. These
participants individually watched a single educational video across
all 10 sessions and were instructed to relax while viewing subse-
quent control videos. The VR-C group watched the same seven
videos as the VR-T group, except the actors’ voices were muted, or
they watched 11 360° 3D videos of natural scenes. They selected the
videos based on their preference but the average proportion of
scenarios to natural scenes in total sessions was arranged to be
1 to 1. Typically, participants were exposed to two or three different
control videos. Between the viewings, we simply asked them ‘How
was it? or ‘Did you enjoy the scenes?’ Although inaudible conver-
sations have elicited IOR in some patients, no therapeutic inter-
vention was provided. The duration of a session and the number of
total sessions were matched between the two groups. Both inter-
ventions were conducted in the digital therapy room in each
hospital.

Statistical analysis

Baseline variables were compared between the groups using the chi-
square () test, Fisher’s exact test, or independent t-test; the paired
t-test was used for within-group analyses. Intervention effects were
analyzed using two-way repeated-measures (RM) analysis of vari-
ance. Two-way RM analysis of covariance was performed with the
two variables (negative-self and negative-other schema from the
BCSS) showing significant group differences included as covariates.
Multiple testing of clinical scales was corrected for main effects and
interaction using the False Discovery Rate (FDR). For post-hoc
comparison, Bonferroni correction for two time points was applied.
The correction was only applied to clinical scales because no
significant results were observed with self-rating scales. Partial eta
squared (n°p) was calculated for the estimation of group x time
interaction effect size. According to Cohen, n’p value of >0.01
indicates a small effect, > 0.06 represents a medium effect, and
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>0.14 is considered a large effect (Cohen, 2013). Additionally,
Cohen d was calculated for the changes after intervention in each
group. For the between- and within-group analyses of VR sickness,
the %> test and McNemar test were conducted, respectively. All
analyses were performed using SPSS for Windows (version 25.0;
IBM Corp., Armonk, NY, USA).

Path analysis was conducted to evaluate causality in the rela-
tionships between dependent and independent variables. Psycho-
logical factors (attributional bias, depression, low self-esteem,
negative beliefs, paranoia, rumination, and social-evaluative con-
cern were measured by IPSAQ, BD], SES, BCSS, R-GPTS, BS, and
ENES, respectively.) potentially affecting the primary outcome
measures were identified via correlation analysis and based on
previous relevant studies. The IPSAQ and SES scores were excluded
from the models due to a lack of correlation with the primary
outcome measures (Supplementary Table 1). We selected the
FNES, BDI, and BS scores as mediators based on previous studies
(Cui et al., 2019; Fisher et al., 2013; Jaya, Ascone, & Lincoln, 2018;
Lam et al., 2022; Morrison, Goldin, & Gross, 2024; Murphy, Mur-
phy, & Shevlin, 2015). When the initial model did not show an
adequate fit to the data, we removed nonsignificant paths to opti-
mize the model. The model fit indices used were the x> p-value
(cutoff, p > 0.05), comparative fit index (cutoff >0.95), root mean
square error of approximation (cutoff <0.05), standardized root
mean square residual (cutoff <0.09), and Tucker—Lewis index
(cutoff >0.95) (West, Taylor, & Wu, 2012). The significance of
indirect effects was confirmed using the bootstrap method with
2,000 iterations. If there were multiple indirect paths, phantom
modeling was applied to calculate the indirect effect of a specific
path. Mediators were classified as partial when both indirect and
direct effects were significant and as full when only indirect effects
were significant. Multiple testing was corrected using FDR.

Results
Participant characteristics

There were no significant differences in demographic or clinical
characteristics between the two groups (Table 1). One and two indi-
viduals in VR-T and VR-C groups respectively were antipsychotic-free
during the entire sessions. Six participants in the VR-T group and
two participants in the control group dropped out for various
reasons (Supplementary Figure 2).

Treatment effects

Within-group analysis showed improvements in the PANSS and
PSYRATS-D scores in both groups; the PSYRATS-AH and CGI-
SCH scores improved only in the VR-T group. Between-group
analysis revealed a significant main effect of time and a significant
group x time interaction at FDR-adjusted level for most measures.
However, post hoc t-tests of the result after 10th session revealed
significantly greater improvement in the PSYRATS-D score in the
VR-T group compared with the VR-C group (emotional domain,
Bonferroni-adjusted p = 0.02; total, Bonferroni-adjusted p = 0.04)
(Table 2).

Regarding the self-rating measures, within-group analysis
showed improvements in the BS and R-GPTS scores in the VR-C
group and the SOFAS and R-GPTS scores in the VR-T group.
Between-group analysis revealed a significant main effect of time
for most measures, although the group x time interaction was
significant only for the SOFAS score (p = 0.001). However, there
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Table 1. Demographic and clinical characteristics of the participants
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VR-treatment VR-control Total
Variables (n=32) (n=38) (n=70) p-value
Sex 0.81
Male 17(53%) 22(58%) 39(56%)
Female 15(47%) 16(42%) 31(44%)
Age (years) 30.06 + 8.65 29.97 +7.8 30.01 +8.12 0.96
Age of onset (years) 24.13 + 8.06 21.21 +5.58 22.54 +6.93 0.08
Education (years) 13.85 +2.08 13.82 +1.94 13.83 +£2.01 0.96
Diagnosis 0.57
SSDs? 24(75%) 31(82%) 55(79%)
Other psychoses” 8(25%) 7(18%) 15(21%)
Comorbid diagnoses 1(3.12%) 1(2.63%) 2(2.86%) 1.00
DI 85.22 + 77.24 108.84 + 88.88 0.24
Chlorpromazine
equivalent dose (mg)
Antipsychotic-free included 596.97 + 419.51 606.33 + 499.13 610.20 + 473.18 0.93
Antipsychotic-free excluded 634.62 + 79.24 640.02 + 491.11 637.52 + 455.18 0.96
(n=31) (n=36) (n=67)

Note: Data are presented as mean + standard deviation or %.

Abbreviations: DUP, Duration of Untreated Psychosis; DI, Duration of Illness; SSDs, Schizophrenia Spectrum Disorders; VR, Virtual Reality.
2SSDs refer to schizophrenia (n = 52), schizophreniform disorder (n = 2), schizoaffective disorder (n = 2).
bOther psychoses refers to other specified schizophrenia spectrum and other psychotic disorders (n = 13), and unspecified schizophrenia spectrum and other psychotic disorders (n = 1).

were no significant differences in the SOFAS between groups in
both results after 1st and 10th session (Table 3).

VR sickness

The most common symptoms in both groups were general discom-
fort, fatigue/eye fatigue, difficulty focusing the eyes, and difficulty
concentrating. Within-group analyses did not show significant
changes in either group. Significant group differences were
observed in general discomfort (p = 0.05), sweating (p = 0.05),
and difficulty concentrating (p = 0.03), but only after session 1
(Table 4). There were no significant group differences in the
severity of VR sickness symptoms after sessions 1 and 10, except
for blurry vision (p = 0.02) (Supplementary Table 2).

Path analysis

When running the analysis between the BCSS-NS and R-GPTS
(total score) in the VR-T group, an optimal model showed signifi-
cant direct effects between the FNES and R-GPTS (r = 0.62, FDR-
adjusted p < 0.0005), the BCSS-NS and BDI (r = 0.44, FDR-adjusted
p = 0.0025), the BDI and FNES, and the BCSS-NS and FNES
(r = 0.37, FDR-adjusted p = 0.0167; r = 0.36, FDR-adjusted
p = 0.0263, respectively). There were significant indirect effects
between the BCSS-NS and R-GPTS (r = 0.33, FDR-adjusted
p = 0.018) and between the BCSS-NS and FNES (r = 0.162, FDR-
adjusted p = 0.0285). When the former path was broken down into
two paths (BCSS-NS — BDI — ENES — R-GPTS and BCSS-NS-
— FNES — R-GPTS) using phantom modeling, only FNES in the
second path was a significant full mediator (r = 0.224, uncorrected
p =0.04). For the latter path, BDI played a partial mediating role. The
analysis between the BCSS-PO and R-GPTS showed significant direct
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effects between the BCSS-PO and R-GPTS (r = —0.49, FDR-adjusted
p <0.0002), the BDI and R-GPTS (r = 0.29, FDR-adjusted p = 0.024),
and the FNES and R-GPTS (r = 0.47, FDR-adjusted p = 0.0067) and
between the BDI and FNES (r = 0.53, FDR-adjusted p < 0.0002). A
significant indirect effect was identified only between the BDI and
R-GPTS (r = 0.25, uncorrected p = 0.03). In this path, FNES played a
partial mediating role (Figure 1). On the other hand, analysis between
the BCSS-NS and PSYRATS-D (total score) showed no significant
results.

Discussion

IOR and DOR are common symptoms of psychosis. Recently,
interest in VR therapy for individuals with psychosis has been
increasing. We investigated the effects and safety of VR-T in
relation to persecutory IOR and DOR in stable outpatients with
psychosis. After session 10, a large and significant effect size was
observed especially for the PSYRATS-D score. Although VR sick-
ness had a high incidence, its symptoms generally were mild and
transient.

Within-group analysis revealed significant improvements in
PANSS, PSYRATS-D, and CGI-SCH scores were observed in both
groups, although PSYRATS-AH scores improved only in the VR-T
group. Importantly, between-group analysis revealed significant
group x time interactions in most of the clinical scales. However,
in the post hoc test, a significant difference was only observed in the
PSYRATS-D scores after the 10th session. For the results other than
the PSYRATS-D, it may signify that the effects of VR therapy
become evident over time but not enough to produce significant
differences between the two groups after the 10th session. Or it may
be that a significant difference was noted between the 1st and 10th
sessions. If so, measurement at a minimum of three time points
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Table 2. Results of VR interventions on clinical scales®

Main effect
VR-control VR-treatment Group Time Group x Time interaction
Before 1°* After 10*" Before 1°* After 10"
Variables session session p° session session p° Cohen’s d F p F p F p °p pe p°
PANSS
Positive symptoms 13.58 + 3.79 12.97 £ 3.45 0.004 14.03 +£3.78 11.97 £+ 3.56 <0.001 —0.865 0.11 0.75 43.57 <0.001* 13.00 0.001" 0.160 0.62 0.24
Negative symptoms 12.55 + 4.88 12.45 + 4.80 0.50 12.25 + 4.17 11.34 £+ 3.62 0.02 —0.522 0.45 0.51 7.54 0.01* 4.73 0.03 0.065 0.78 0.29
General psychopathology 26.42 +5.49 25.32 £ 5.00 0.02 26.78 + 4.69 23.91+4.73 0.01 —0.569 0.21 0.65 28.48 <0.001* 5.63 0.02* 0.076 0.77 0.23
Total 52.55 +12.43 50.74 + 11.57 0.01 53.06 + 10.15 47.22 £9.70 0.002 —0.824 0.34 0.57 42.62 <0.001* 11.79 0.001* 0.148 0.85 0.18
PSYRATS-D
Cognitive Factor 5.26 £ 4.32 4.76 + 3.98 0.05 6.22 + 3.78 2.78 £ 3.60 <0.001 —1.080 0.33 0.57 36.38 <0.001* 20.26 <0.001* 0.229 0.33 0.03
Emotional Factor 2.71 +£2.58 2.26 £2.26 0.02 3.38+2.32 1.03+1.51 <0.001 —1.093 0.33 0.54  44.98 <0.001* 20.71 <0.001* 0.234 0.27 0.01"
Total 7.97 £6.75 7.03 £ 6.05 0.02 9.53 £ 5.84 3.81 £4.75 <0.001 —1.113 0.39 0.57 41.98 <0.001* 21.55 <0.001* 0.240 0.31 0.02"
PSYRATS-AH
Cognitive Factor 2.29+3.01 2.16 + 2.65 0.41 2.00 £2.83 1.78 + 2.64 0.05 —0.132 0.25 0.62 4.86 0.03* 0.30 0.59 0.004 0.68 0.55
Emotional Factor 3.47 £ 4.52 3.68 £4.43 0.29 3.50 £ 4.70 2.94 £ 448 0.06 —0.483 0.11 0.74 0.84 0.36 4.05 0.05 0.056 0.98 0.49
Physical Factor 3.16 £3.92 3.45+4.01 0.51 3.31+4.08 2.81+3.70 0.01 —0.547 0.07 0.79 0.37 0.55 5.19 0.03 0.071 0.87 0.49
Total 8.92 +11.09 9.29 +10.81 1.00 8.81+£11.24 7.53 +10.34 0.01 —0.523 0.13 0.72 1.45 0.23 4.75 0.03* 0.065 0.97 0.49
CGI-SCH
Positive Symptoms 3.00 £ 0.87 2.95 £ 0.90 0.26 3.13+£0.94 2.53 £1.02 0.001 —0.882 0.48 0.49 19.27 <0.001* 13.50 <0.001* 0.166 0.57 0.07
Negative Symptoms 2.53 + 1.06 2.50 £ 0.95 0.16 2.59 + 0.95 2.31+£0.90 0.03 —0.454 0.07 0.79 5.21 0.03* 3.58 0.06 0.050 0.78 0.40
Depressive Symptoms 2.82+1.20 2.50 +£1.16 0.89 2.84+1.35 241+1.34 0.02 —0.125 0.01 0.91 10.46 0.002* 0.27 0.60 0.004 0.93 0.75
Cognitive Symptoms 2.16 + 1.00 2.24 +£0.91 0.04 2.19 + 0.64 2.16 + 0.57 0.75 —0.229 0.02 0.89 0.17 0.68 0.91 0.34 0.013 0.89 0.67
Overall Severity 3.08 £0.75 3.00 £ 0.74 0.26 3.22 £ 0.87 2.78 £ 0.87 <0.001 —0.773 0.05 0.83 21.52 <0.001* 10.37 0.002* 0.132 0.47 0.26

Abbreviations: CGI-SCH, Clinical Global Impression-Schizophrenia; PSYRATS-AH, Psychotic Symptom Rating Scales-Auditory Hallucination; PSYRATS-D, Psychotic Symptom Rating Scales-Delusion; PANSS, Positive and Negative Syndrome Scale; SES, Self
Esteem Scale; VR, Virtual reality.

*Two-way repeated measure ANOVA.

bPaired t test.

‘Independent t test between treatment and control groups before 1st session.

9dIndependent t test between treatment and control groups after 10th session; Current p-value is uncorrected one;

*Significant (< 0.05) at false discovery rate correction (for each item, corrected 12 times and for total or overall severity, corrected four times);

TSignificant after Bonferroni correction for two time points.
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Table 3. Results of VR interventions on self-rating scales®

Main effect
VR-control VR-treatment Group Time Group Time interaction
Before 1° After 10%" Before 1° After 10%"
Variables session session pe session session pe Cohen’s d F p F p F p °p p° p*
SOFAS 59.95 + 7.72 60.53 + 7.84 0.08 58.53 + 8.41 62.91 +8.35 <0.001 0.815 0.068 0.795 19.66 <0.001 11.54 0.001 0.145 0.47 0.22
BCSS
Negative—selfb 10.76 + 7.68 9.92 + 8.27 0.06 T.47 +£5.81 7.16 £ 7.14 0.69 0.169 3.32 0.07 1.816 0.18 0.50 0.48 0.007 0.05 0.58
Positive-self 9.18 £ 5.83 9.43 £ 5.77 0.11 10.41 + 6.49 10.06 £ 6.33 0.67 —0.164 0.54 0.46 0.003 0.96 0.47 0.50 0.007 0.41 0.67
Negative-othersb 9.13 £ 6.46 8.22 £ 6.59 0.59 6.06 + 5.86 5.94 + 5.80 0.86 0.200 3.78 0.06 1.142 0.29 0.70 0.41 0.010 0.04 0.93
Positive-others 8.47 £ 4.45 8.59 £ 5.37 0.21 9.63 £7.03 8.56 + 6.48 0.39 —0.233 0.27 0.61 0.334 0.57 0.94 0.34 0.014 0.41 0.98
BDI 17.63 + 13.58 15.54 + 14.84 0.48 13.72 £ 11.09 11.72 £ 11.00 0.18 0.027 1.76 0.19 4.963 0.03 0.01 0.91 0.000 0.20 0.24
Brooding scale
Cognitive factor 9.1 +4.103 8.30 £4.37 0.07 7.66 £ 4.24 6.78 £ 4.46 0.15 —0.062 2.19 0.14 4.032 0.05 0.07 0.80 0.001 0.14 0.16
Emotional factor 10.53 £ 4.95 9.70 £ 5.14 0.03 8.19 £5.20 8.19 £ 4.74 1.00 0.237 2.86 0.10 1.264 0.27 1.26 0.27 0.019 0.06 0.21
Total 19.66 + 8.59 18.00 £ 9.02 0.19 15.84 £9.03 14.97 + 8.89 0.43 0.346 2.70 0.11 3.377 0.07 0.26 0.61 0.004 0.08 0.17
FNES 35.16 + 13.73 32.86 +13.41 0.02 31.44 +13.91 31.09 + 15.88 0.84 0.199 0.70 0.41 1.279 0.26 0.70 0.41 0.010 0.27 0.62
IPSAQ
Externalizing bias 0.95 + 4.44 0.92 £ 4.15 0.15 1.50 £ 4.06 1.91 +15.88 0.63 0.123 0.61 0.44 0.088 0.77 0.26 0.60 0.004 0.59 0.37
Personalizing bias 0.38 £ 0.33 0.42 £ 0.35 0.85 0.41 £ 0.34 0.43 £ 0.39 0.95 —0.074 0.14 0.71 0.170 0.68 0.10 0.76 0.001 0.64 0.89
R-GPTS
Part 1: reference 15.68 + 6.64 13.59 £+ 7.97 0.32 15.44 + 6.53 13.31+7.32 0.05 0.007 0.04 0.85 9.844 0.003 0.001 0.98 0.000 0.88 0.88
Part 2: persecution 17.16 £ 10.49 15.14 £ 11.85 0.02 14.84 £9.16 12.34 £ 9.99 0.12 —0.039 1.26 0.27 6.057 0.02 0.03 0.87 0.000 0.33 0.30
Total 32.84 + 16.04 28.73 £ 18.90 0.07 30.28 +13.78 25.66 + 16.28 0.05 —0.022 0.63 0.43 9.376 0.003 0.01 0.93 0.000 0.48 0.48
SES 24.18 +7.36 24.51 +6.92 0.71 25.44 + 5.89 25.63 +5.84 0.77 —0.072 0.67 0.42 0.510 0.48 0.09 0.77 0.001 0.44 0.48

Abbreviations: BCSS, Brief Core Schema Scale; BDI, Beck Depression Inventory; FNES, Fear of Negative Evaluation Scale; IPSAQ, Internal, Personal and Situational Attributions Questionnaire; R-GPTS, the Revised Green et al., Paranoid Thought Scale; SES,
Self Esteem Scale; SOFAS, Social and Occupational Functioning Assessment Scale; VR, Virtual reality.

*Two-way repeated measure ANOVA.

PFor the variables showed significant difference at baseline, two-way repeated measure ANCOVA was performed with the baseline data as covariates).

“Paired t test.

dIndependent t test between treatment and control groups before 1° session.

°Independent t test between treatment and control groups after 10™ session with the variables® as covariates.
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Table 4. Symptoms of VR sickness reported after 1% and after 10" session
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VR-control VR-treatment Between-group comparison
pafter pPafter

Symptoms After 1% session (n = 38) After 10" session (n = 37) p° After 1% session (n = 32) After 10t session (n = 32) p° 1°¢ session 10" session
General discomfort 21 (55.26%) 22 (59.46%) 1.00 1.00 25 (78.13%) 19 (59.38%) 0.15 0.05 0.99
Fatigue 19 (50.00%) 22 (59.46%) 0.29 0.29 20 (62.50%) 21 (65.63%) 1.00 0.29 0.60
Headache 11 (28.95%) 13 (35.14%) 0.75 0.75 10 (31.25%) 11 (34.38%) 1.00 0.83 0.95
Eye fatigue 20 (52.63%) 24 (64.86%) 0.30 0.30 20 (62.50%) 17 (53.13%) 0.58 0.41 0.32
Difficulty focusing the eyes 24 (63.16%) 18 (48.65%) 0.30 0.30 20 (62.50%) 12 (37.50%) 0.06 0.96 0.35
Increased salivation 6 (15.79%) 8 (21.62%) 0.69 0.69 6 (18.75%) 7 (21.88%) 1.00 0.74 0.98
Sweating 3 (7.89%) 6 (16.22%) 0.38 0.38 8 (25.00%) 3(9.38%) 0.13 0.05 0.40
Nausea 11 (28.95%) 13 (35.14%) 0.77 0.77 8 (25.00%) 11 (34.38%) 0.51 0.71 0.95
Difficulty in concentrating 15 (39.47%) 15 (40.54%) 1.00 1.00 21 (65.63%) 17 (53.13%) 0.29 0.03 0.30
Head feels full 10 (26.32%) 15 (40.54%) 0.27 0.27 15 (46.88%) 13 (40.63%) 0.73 0.07 0.99
Blurry vision 19 (50.00%) 13 (35.14%) 0.30 0.30 16 (50.00%) 11 (34.38%) 0.23 1.00 0.95
Dizziness when opening eyes 13 (34.21%) 12 (32.43%) 1.00 1.00 10 (31.25%) 7 (21.88%) 0.45 0.79 0.33
Dizziness when eyes are closed 9 (23.68%) 8 (21.62%) 1.00 1.00 10 (31.25%) 9 (28.13%) 1.00 0.48 0.53
Dizziness with a spinning feeling 15 (39.47%) 14 (37.84%) 1.00 1.00 15 (46.88%) 13 (40.63%) 0.69 0.53 0.81
Feeling burdened by the stomach 8 (21.05%) 13 (35.14%) 0.23 0.23 6 (18.75%) 8 (25.00%) 0.69 0.81 0.36
Burp 4 (10.53%) 7 (18.92%) 0.45 0.45 3 (9.38%) 8 (25.00%) 0.13 0.87 0.54

Abbreviation: VR, Virtual reality.
“McNemar test for comparing the proportion of patients complaining VR sickness within group between two time points.
bChi-square test for comparing two groups.
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Figure 1. Path models between the BCSS-NS or BCSS-PO and R-GPTS: (a) Model depicting paths between the BCSS-NS and R-GPTS (Fit indices: chi-square = 0.97; D.F =1; CFI = 1;
TLI = 1.01; RMSEA = 0; SRMR = 0.04; p = 0.97) and (b) Model depicting paths between the BCSS-PO and R-GPTS.

Fit indices: chi-square = 0.85; D.F = 1; CFl = 1; TLI = 1.02; RMSEA = 0; SRMR = 0.05; p = 0.36; For FDR-adjusted level, * p <.05, ** p < .01, ***p < .001.

Note. BCSS-NS, Brief Core Schema Scale-Negative Self; BCSS-PO, Brief Core Schema Scale-Positive Others; BDI, Beck Depression Inventory; FNES, Fear of Negative Evaluation Scale;

R-GPTS, the Revised Green et al., Paranoid Thought Scale.

(baseline, mid-point, and end-point) should be considered in future
studies. The result of the PSYRATS-D, suggests that VR therapy is
beneficial in reducing the severity of delusions among stable out-
patients with psychosis. The effect size (Cohen d) was larger than
that reported in a meta-analysis of cognitive behavioral therapy
(CBT) effects on delusions (0.36) (Van der Gaag, Valmaggia, &
Smit, 2014). Because the primary outcome measures in previous VR
studies differed from those in our study, direct comparisons of the
results were difficult. In one study (Freeman et al, 2016), the
baseline mean PSYRATS-D score was ~17, which is higher than
the score in our study. This suggests that VR therapy is a promising
tool to reduce persecutory IOR and DOR, even in patients with mild
symptoms. The negative findings regarding the PANSS scores in
the post hoc test may be related to the mildness of the patients’
symptoms and the fact that the PANSS is not sufficiently sensitive
to detect subtle changes in symptoms.

For self-rating scales, within-group comparisons showed some
improvement in the BS and R-GPTS scores in both groups, but
there were no significant differences between the groups. Although
these findings might appear disappointing, they may reflect the
differences between clinical and self-rating scales. Thus, the effects
of the VR-T and VR-C interventions on functioning, schema,
depression, brooding, negative evaluation, attribution bias, para-
noia, and self-esteem subscale scores were minimal. It should be
noted that Freeman et al. (2022) reported no significant change in
R-GPTS scores after six sessions of VR therapy, and the baseline
R-GPTS scores were low in a manner similar to the results in our
study. However, Pot-Kolder et al. (2018) reported significant
changes in R-GPTS scores after 16 sessions of VR-CBT, although
the baseline R-GPTS scores were very high. Hence, it seems that
negative findings in the R-GPTS may be related to the low baseline
score or a floor effect and limited number of sessions.

Regarding safety, both groups had a moderate-to-high incidence
of VR sickness. The most common symptoms in the VR-T group
were general discomfort, fatigue, and difficulty concentrating; in
the control group, difficulty focusing the eyes and eye fatigue were
more prevalent. However, the symptoms generally were mild, and
there were no significant group differences in symptom frequency.
These findings indicate that our VR intervention is safe for patients
with psychosis, consistent with other studies (Fornells-Ambrojo
et al,, 2008; Rus-Calafell et al., 2018). This safety may be reflected in
the low attrition rates observed in both the VR-T and VR-C groups
(15.8% and 5.0%, respectively), which could be considered a
strength of VR therapy, especially in young individuals with psych-
osis. However, it is of note that six participants were dropped out in
the VT-T group whereas only two in the VR-C group. Unfortunately,
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in the VR-T group, one completed suicide and one aggravated due to
self-discontinuation of medication. For the former case, we were
unable to evaluate association with the VR exposure but for the latter
case, no association was found. In general, suicide or symptom
aggravation due to VR exposure in psychosis is scarce. Two recent
VR studies in SSD reported suicide attempts in the treatment group
but its rate was not different compared with the control group
(Glenthgj et al., 2024a, 2024b). Nevertheless, these adverse events
should be carefully monitored in future studies.

In our path model of the BCSS-NS and R-GPTS scores, the
ENES score acted as a full mediator in the VR-T group. This
indicates that the BCSS-NS score did not directly affect the R-GPTS
score; its influence was indirectly mediated through the FNES score.
Additionally, the BDI score served as a partial mediator in the
relationship between the BCSS-NS and FNES scores. These findings
suggest that psychological and VR therapies targeting paranoia
should focus on negative evaluations and depression. We found
that the BCSS-PO score was independently and negatively associ-
ated with the R-GPTS score, and the FNES score was a partial
mediator in the relationship between the BDI and R-GPTS scores.
Taken together, the results of our path analyses provide insights
into how paranoia may be improved. There was no mediating effect
of the BS score on the relationship between the BCSS-NS and
PSYRATS-D scores.

Several limitations of the current study should be noted. First is
related to the appropriateness of VR-C which consisted of the same
videos used in the VR-T group but with muted voices or 360°-3D
videos of nature scenes. We chose these conditions to test the
efficacy of IOR-related contents versus neutral ones. Nevertheless,
as some short reality testing approach was applied in the VR-T,
offline CBT sessions could be an alternative control. In addition,
mismatching the number of educational videos between the groups
might have introduced some bias. Second, because the participants
were young and stable outpatients, the generalizability of the find-
ings is limited. Third, the actors in the videos generally were young,
and some middle-aged participants felt that the scenarios were not
adequately relatable. Fourth, as we evaluated outcomes only at two
time points, we may have overlooked significant changes that
occurred in the middle. Additionally, one participant dropped
out because the HMD did not fit their head size. These issues
should be addressed in future studies. As a strength of the study,
this was the first VR intervention targeting IOR and DOR in Asian
patients with psychosis. Moreover, the scenarios and volume could
be adjusted to facilitate reality testing.

In conclusion, our findings suggest that VR therapy is beneficial
in reducing delusions in stable young outpatients with psychosis;
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symptoms of VR sickness were mild and tolerable. Future studies
should develop more diverse videos to better meet the needs of
older participants.

Supplementary material. To view supplementary material for this article,
please visit http://doi.org/10.1017/50033291725000959.
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