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Abstract

Background: Virtual reality (VR) technology has emerged as a promising tool for cognitive rehabilitation in patients with
neuropsychiatric disorders. These patients often endure significant cognitive impairments, which are associated with decreased
quality of life and increased disease burden. Traditional treatments are limited in improving cognitive functions, making
VR-based interventions an area of growing interest.

Objective: This meta-analysis aims to evaluate the efficacy of VR-based interventions on cognitive function in patients with
neuropsychiatric disorders by synthesizing data from randomized controlled trials (RCTs).

Methods: Following PRISMA guidelines, we conducted a comprehensive search across PubMed, Web of Science, MED-
LINE, EMBASE, and Cochrane Library for RCTs from January 2010 to December 2024. Studies were included if they
evaluated the impact of VR-based interventions on cognitive outcomes in patients with neuropsychiatric disorders. Data
extraction and risk of bias assessment were performed independently by 2 researchers. Meta-analyses were conducted using
random-effects models, and standardized mean differences (SMDs) as effect size.

Results: A total of 21 RCTs involving 1051 participants were included. Overall, VR-based interventions significantly
improved cognitive functions of patients with neuropsychiatric disorders (SMD 0.67, 95% CI 0.33-1.01, z=3.85; P<.001).
Subgroup analyses revealed significant benefits for cognitive rehabilitation training (SMD 0.75, 95% CI 0.33-1.17, z=3.53;
P<.001), exergame-based training (SMD 1.09, 95% CI 0.26-1.91, z=2.57; P=.01), and telerehabilitation and social functioning
training (SMD 2.21, 95% CI 1.11-3.32, z=3.92; P<.001). Conversely, immersive cognitive training, music attention training,
and vocational and problem-solving skills training did not yield significant improvements (z=1.86, P=.06; z=0.35, P=.72;
z=0.88, P=.38; respectively). Disease-type subgroup analyses indicated significant improvements in schizophrenia (SMD 0.92,
95% CI 0.22-1.62, z=2.58; P=.01), and mild cognitive impairment (SMD 0.75, 95% CI 0.16-1.35, z=2.47; P=.01), but not in
brain injuries, Parkinson disease, or stroke (z=0.34, P=.73; z=1.26, P=.21; z=1.16, P=.24; respectively).

Conclusions: This meta-analysis revealed that VR-based interventions can improve cognitive functions among individuals
with neuropsychiatric disorders, with notable improvements observed in cognitive rehabilitation training, exergame-based
training, and tele-rehabilitation and social functioning training. These results offer valuable evidence supporting the use of VR
technology in rehabilitation for neuropsychiatric conditions and inform the optimization of future intervention approaches.
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Introduction

“Patients with neuropsychiatric disorders” refer to individ-
uals enduring neurological or psychiatric conditions, or
those exhibiting symptoms pertinent to both neurology and
psychiatry [1]. The illnesses of these patients typically
involve dysfunction within the nervous system (includ-
ing the brain), accompanied by psychological or behavio-
ral abnormalities [2]. Cognitive impairment, a prevalent
symptom in these patients with an incidence exceeding 70%,
is characterized by a marked and measurable decline in
cognitive abilities compared to previous levels of function.
This can manifest as deficits in higher-order brain functions
such as learning, memory, problem-solving, and decision-
making [3,4]. Research has confirmed that the occurrence
of cognitive impairments in patients with neuropsychiatric
disorders is significantly associated with decreased quality
of life and increased disease burden [5,6], which may lead
to more complex health challenges and heightened care
requirements, imposing substantial pressure on the patients
themselves, their families, and society at large. Therefore,
there is an urgent need to develop relevant strategies to
address these significant challenges, aiming to improve
cognitive function and enhance the quality of life for these
patients.

Traditional intervention strategies for cognitive func-
tion in patients with neuropsychiatric disorders primarily
include pharmacological treatment and cognitive rehabilita-
tion. Pharmacological treatments are commonly used to
alleviate psychiatric symptoms but have limited efficacy in
improving cognitive functions [7]. Cognitive rehabilitation
is considered a promising nonpharmacological intervention,
aiming to enhance patients’ cognitive functions through
systematic training and practice. Studies have shown that
cognitive rehabilitation can effectively improve cognitive
domains such as attention, executive function, and working
memory in these patients [8]. However, the implementation
of traditional cognitive rehabilitation may face challenges in
resource-limited settings, and the transfer effect of cognitive
enhancements to functional results in individuals’ everyday
lives is generally insufficient. Moreover, a lack of motiva-
tion among participants represents one of the key barriers to
achieving effective therapeutic goals in traditional cognitive
rehabilitation [9,10].

Virtual reality (VR) and augmented reality (AR) are
emerging technologies with significant potential to address
the challenges associated with cognitive rehabilitation. VR
technology is an advanced system that integrates informa-
tion and computer technologies to create lifelike web-based
environments using computer-generated imagery and digital
interactive devices. It is designed to provide users with an
immersive experience, enabling them to not only observe
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passively but to also interact actively with the digital
environment [11]. VR technology could provide a fully
controllable and secure setting, supporting remote access and
offering a more ecologically valid and effective environment
for cognitive rehabilitation [12]. Second, it can simulate
multimodal scenarios highly similar to those that patients
might encounter in their daily lives, making it easier to
integrate cognitive training with everyday functioning [13].
Third, its high level of interactivity and game-inspired design
can help increase patient participation [14]. Compared to
VR, fewer studies have explored the use of AR in cognitive
rehabilitation. AR, by integrating virtual elements with the
physical world, carries a lower risk of adverse events, such
as falls or dizziness, making it a safer alternative in some
contexts [15]. However, immersive VR provides a higher
level of engagement and cognitive stimulation, which is
particularly beneficial in exergame-based training. To address
the safety concerns associated with immersive VR, specific
measures are implemented, such as having medical person-
nel present during sessions and limiting session duration to
mitigate dizziness [16-18]. These precautions ensure the safe
and effective use of immersive VR in cognitive rehabili-
tation. A recent meta-analysis has shown that VR-based
interventions have a beneficial effect on overall cognition
and executive function in older adults [19]. Additionally,
a previous narrative review indicated promising results of
VR-based cognitive rehabilitation in executive function and
visuospatial abilities [20], nevertheless, this review focused
on patients with neurological disorders and did not con-
duct a quality assessment or quantitative synthesis of the
studies reviewed. Moreover, different types of cognitive
rehabilitation interventions have varying impacts on cognitive
functions, and their interaction effects with VR technology
differ [21].

Based on this, our study consolidates data from random-
ized controlled trials (RCTs) of VR-based interventions
aimed at improving cognitive function in patients with
neuropsychiatric disorders, to evaluate the efficacy of
interventions and quality of these RCTs. The objectives of
our study are (1) to quantitatively investigate the efficacy of
VR-based interventions on the cognitive function of patients
with neuropsychiatric disorders and (2) to assess the effects of
different types of interventions and analyze possible reasons
for any differences observed.

Methods
Study Design

The design, execution, and reporting of this meta-analysis
adhered to the PRISMA guidelines of the 2020 statement
[22]. This study has been registered at PROSPERO, and the
registration number is CRD42023445000.
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Ethical Considerations

No humans or animals were involved in this meta-analysis, so
ethical approval was waived.

Search Strategy

An exhaustive search was systematically performed across
multiple databases, including PubMed, Web of Science,
MEDLINE, EMBASE, and Cochrane Library. In light of
the progressive maturation of VR technology subsequent to
2010 and the increased scholarly attention toward exploring
VR as a modality for supporting psychological and cognitive
interventions during this period [23], the timeframe for our
literature search shall be delimited from January 2010 to
December 2024. The used search methodology was groun-
ded in the PICOS framework, encompassing the specific
elements of Patient or Population, Intervention, Comparison,
Outcome, and Study type. No specific restrictions were
applied regarding demographic variables such as age, gender,
education, etc. However, for the language, the search was
conducted exclusively in the English language. The search
methodology used multiple strategies, including examina-
tion of titles and abstracts, use of relevant keywords, and
incorporation of free and medical subject headings terms, etc.
The specific retrieval strategies for each database are outlined
in Multimedia Appendix 1.

Criteria for Study Eligibility

Inclusion criteria for our review encompassed the following
criteria: (1) participants were diagnosed with neuropsychiat-
ric diseases; (2) interventions used the VR technology; (3)
the control groups were assigned to either receive conven-
tional treatment or were placed on a waitlist for compar-
ison purposes; (4) the study quantitatively assessed the
cognitive function. No restrictions were imposed on the
specific measurement tools or instruments used to evaluate
the indices; (5) the literature was published in English; and
(6) the included studies were designed per the principles
of RCTs. Exclusion criteria for this study encompassed the
following criteria: (1) qualitative study, conference paper,
letter, review, commentary, or protocol; or (2) studies where
access to full-text articles was not available or where relevant
full data were not available.

Study Selection and Data Extraction

All identified study titles and abstracts were retrieved and
imported into Zotero 7.0 (Corporation for Digital Scholar-
ship). Duplicate papers were subsequently removed from the
dataset. Two researchers independently assessed the titles and
abstracts of the studies in parallel to ensure compliance with
the inclusion criteria. Subsequently, the full texts of each
study were reviewed per the predetermined eligibility criteria.
Discrepancies were resolved through a consensus-seeking
process involving discussion and consultation with a third
investigator.

Two researchers independently performed data extraction
from the selected studies and documented the relevant
information within a pre-established data extraction form,
encompassing the following essential components: the first
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author, the published year, the country or region where the
trial was conducted, the disease type, the ages (mean and
SD), the years of education (mean and SD); the sample size
(experimental or control group), and the gender; the type,
content, hardware, software, immersive or nonimmersive
approach and detailed session information of the intervention;
and the assessment time and the instruments of outcome
measures.

Quality Assessment

Using the Cochrane RoB2 (Risk of Bias 2) tool, 2 investiga-
tors carried out a separate evaluation of the methodological
rigor and potential bias of the selected studies. RoB2 is a
systematic review tool developed by the Cochrane Risk of
Bias Working Group aimed at assessing the methodological
quality of RCTs [24]. This tool identifies potential sources
of bias that may affect the reliability of study outcomes
through a series of guiding questions that cover key areas
such as the randomization process, deviations from intended
interventions, missing outcome data, outcome measurement,
and selective reporting. It provides a final judgment on the
risk of bias. Third-party consultation was used to resolve
disagreements.

Data Synthesis and Analysis

We used Review Manager 5.3 (Cochrane) to conduct our
statistical analyses. For continuous outcome indexes, the
mean difference along with a 95% CI was used when all
selected studies reported outcomes using the same unit and
magnitude; otherwise, the standard mean difference was used
to express the results.

Initially, the chi-square test was used to assess the
statistical heterogeneity among the outcomes reported in
each individual study, accompanied by the calculation of
the corresponding P value; to quantitatively evaluate the
magnitude of heterogeneity, the I> test was used [25].
Given the likelihood of functional disparities among studies
conducted independently by different researchers, a ran-
dom-effects meta-analysis was conducted for the outcome
to account for potential heterogeneity across the inclu-
ded studies. Additionally, we conducted a subgroup analy-
sis based on different types of interventions. To explore
the potential reasons for the differences in the integra-
ted outcomes of various intervention types based on VR
technology, we conducted another subgroup analysis for
different types of neuropsychiatric disorders and -carried
out sensitivity analyses by excluding certain studies. We
constructed a funnel plot to evaluate potential publication
bias systematically across the studies. In the final stage, forest
plots were generated to visually present the effect estimates
of outcome variables across all included studies. A level of
statistical significance was established at P<.05.
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Results

Search Results and Selection

According to the 5 electronic databases, the initial search
yielded a total of 2181 documents. Following a deduplica-
tion process, 552 redundant documents were eliminated. The
exclusion of 1568 articles was based on a thorough evaluation
of their titles and abstracts. Subsequently, the full texts of
the remaining 61 articles underwent rigorous examination.
Forty studies were excluded after full-text assessment for

Duetal

the following reasons: 7 were protocol studies, 22 did not
employ VR technology, and 11 had outcomes unrelated to
cognition or produced cognitive assessment results that could
not be quantified. Consequently, 21 studies were included in
the meta-analysis. A visual representation of the search and
selection processes is provided in Figure 1. The unweighted
Cohen « values for study selection (0.86), data extraction
(0.84), and risk of bias assessment (0.81) indicate an excellent
level of interrater agreement, as per Cochrane Handbook
criteria.

Figure 1. PRISMA flowchart. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Records identified from Additional records identified
databases (n=2181) through other sources (n=0)

Records excluded (n=1568)

(1) Unrelated to the topic (n=812)

removed (n=1629).

Records after duplicates

(2) Conference abstract, letter, poster,
protocol, case study, questioning,

systematic review, meta-analysis
(n=288).

(3) The participates were not
neuropsychiatric patients (n=104).

Records screened based on (4) Did not use virtual reality, or the
title and abstract (n=1629). outcome was unrelated to the

cognition (n=269).
(5) The trail was not a randomized
controlled trial (n=95).

Full-texts assessed for
eligibility (n=61).

Records excluded (n=40)
(1) Protocol (n=7).

(2) Did not use virtual reality (n=22).
(3) The outcome was unrelated to the

cogunition, or the cognitive assessment
results cannot be quantified (n=11).

Studies included in the
meta-analysis (n=21).

[ Included } [ Eligibility ] [ Screening ] [identification]

Description of Studies in This Review
Study Characteristics

The salient attributes of the 21 studies that were incorporated
into the analysis are documented in Multimedia Appendix
2. Each of these studies adhered to the rigorous design of
RCTs and was published within the time frame spanning
from 2010 to 2024. The review encompassed a total of 12
nations or regions, among which Korea, Hong Kong, China,
and Taiwan, China, were notably included.

Characteristics of Patients

A total of 1051 patients were part of our research, with
sample sizes varying from 17 [26] to 293 [17] individuals
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in each respective study. The mean age of the patients
exhibited considerable variation, ranging from 14.81 (SD
1.74) years [27] to 77.35 (SD 6.75) years [18]. The ratio
of males to females among the participants was nearly 1:2,
with 356 males and 695 females; and the participants’ mean
years of education spanned from 4.76 (SD 3.25) years [18]
to 15.09 (SD 4.74) years [28] across the included studies.
The participants’ disease types included schizophrenia (n=2,
9.5%), brain injury (n=2, 9.5%), Parkinson disease (n=3,
14.3%), mild cognitive impairment (n=8, 38.1%), stroke
(n=3, 14.3%), and other neuropsychiatric disorders (n=3,
14.3%).
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Characteristics of VR-Based Interventions

According to the goals and content of training or treat-
ment, the intervention types in this review can be divided
into 6 categories, involving cognitive rehabilitation training
(n=8, 38.1%), immersive cognitive training (n=6, 28.6%),
exergame-based training (n=4, 19.0%), music attention
training (n=1, 4.8%), telerehabilitation and social functioning
training (1, 4.8%), and vocational and problem-solving skills
training (n=1, 4.8%).

For cognitive rehabilitation training, all exercises adopt a
task-oriented learning model, meaning that specific goals and
tasks are designed that patients need to complete to achieve
rehabilitation objectives. Moreover, one of the characteristics
of this type of intervention is the multimodal stimulation
empowered by VR technology, implying that training is not
limited to a single sensory input (such as visual) but integrates
various sensory stimuli (such as visual, auditory, and tactile
inputs) [26-33]. For instance, in the “ball and bird” activity
of the IREX system (GESTURETEK HEALTH), users not
only see the color of the ball but also experience different
responses based on varying contact pressures [31]. Some
training programs particularly emphasize combining physical
movement with cognitive tasks, such as reciting poetry
or doing mathematics problems while walking, promoting
overall cognitive rehabilitation [32].

For immersive cognitive training, all exercises use
highly immersive VR equipment [18,34-38]. The equipment
primarily consists of head-mounted displays and wireless
controllers or joysticks. Devices such as the Oculus Quest
2 (Meta Platforms, Inc) and HTC Vive (HTC Corporation)
provide high-resolution visual output, capable of creating
realistic virtual worlds. Wireless controllers or joysticks are
used for interaction within the virtual environment, such as
grabbing objects, operating machines, or navigating. Through
haptic feedback (vibration or other physical signals), these
devices simulate a genuine sense of touch, offering users
a more direct operational experience within the virtual
environment.

For exergame-based training, all exercises provide a
variety of physical activities, including yoga and balance
exercises, cycling control, and rowing training [17,39-41].
A key feature is the use of VR technology to achieve
precise motion tracking. For instance, in rowing training,
on-screen arrow indicators can help users understand how to
correctly adjust their direction [41]; in cycling control games,
wirelessly connected motion sensors can monitor the user’s
riding posture, ensuring safety and effectiveness [17].

For music attention training, the study by Jeong et al [42]
introduces an application based on a VR environment and
the Unity platform (Unity Technologies Inc) that enhances
attention and cognitive health through interactive music
experiences. Participants drum according to the indication
of falling colored balls on the screen, thereby exercising
their focus, hand-eye coordination, and sense of rhythm
while enjoying music. Regarding telerehabilitation and social
functioning training, the research by Maggio et al [43] offers
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participants a platform enabled by VR technology that allows
them to complete social challenges remotely via a smart-
phone. The core content of this training lies in simulating
real-life social scenarios, such as initiating conversations
and managing personal finances, with the aim of promot-
ing cognitive rehabilitation and improving social skills. For
vocational and problem-solving skills training, the study by
Man et al [44] provides an artificial intelligence VR-based
vocational training system training, which is based on VR
technology and simulates various vocational skill exercises
in an office environment setting, aiming to enhance cogni-
tive functions. The aforementioned 6 types of interventions
primarily simulate real-world scenarios, which can assist
patients in transferring the skills they have learned to real-life
environments, enhancing the transfer effect of cognitive
improvements on activities of daily living. Meanwhile, all
intervention types emphasize the importance of immediate
interaction and feedback.

The technological implementations across 21 stud-
ies encompassed diverse hardware configurations. These
included multiple VR headset models (HTC Vive, Ocu-
lus Rift CV1 [Meta Platforms, Inc], Oculus Quest 2, and
Samsung Gear VR), video wall systems, portable comput-
ing devices, and supplementary rehabilitation equipment
such as physical therapy instruments, Nintendo Wii bal-
ance boards (Nintendo Co, Ltd), and robotic exoskeletons.
Complementing these hardware configurations, software
solutions consisted of 3 main types: purpose-built applica-
tions developed for specific training protocols, modified
commercial software packages, and unaltered off-the-shelf
programs. Regarding methodological approaches, 6 studies
adopted immersive methods and 15 studies used nonim-
mersive methods or unclear and ambiguous classifications.
Notably, intervention sessions exhibited significant varia-
tion in frequency (2-5 times weekly), session duration
(15-60 min), total session count (6-40 sessions), and overall
intervention duration (2 wk to 8 mo).

Characteristics of Controls

The control groups were subjected to random assignments,
wherein they were allocated to either the conventional
intervention or waitlist conditions for the entire study
duration.

Outcome Measures

Multiple outcome measures were administered, and partici-
pants were assessed at various time points, with evaluations
conducted after the intervention in all cases. Nine studies
used the Montreal Cognitive Assessment scale to evaluate
participants’ cognitive function, while 6 studies used the
Mini-Mental State Examination scale for cognitive assess-
ment. The remaining studies used various tools including
the Loewenstein Occupational Therapy Cognitive Assess-
ment-Geriatric, Repeatable Battery for the Assessment of
Neuropsychological Status, Cognistat, the Wechsler Adult
Intelligence Scale-Revised Block Design Test, the Das-
Naglieri Cognitive Assessment System, and the Wechsler
Memory Scale-Fourth Edition.
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Both the Montreal Cognitive Assessment and Mini-Men-
tal State Examination are widely used cognitive screening
instruments that have demonstrated good reliability and
validity across multiple studies [17,18,26,29,32-34,36,38-44].
The Loewenstein Occupational Therapy Cognitive Assess-
ment-Geriatric is a cognitive assessment tool specifically
designed for elderly individuals, focusing on cognitive
functions relevant to daily activities [30]. Repeatable Battery
for the Assessment of Neuropsychological Status is a
standardized test battery intended for rapid screening and
assessment of neuropsychological functioning in adults,
encompassing 5 domains of cognition [28]. Cognistat is a
clinically used tool for the quick screening and evaluation of
an individual’s cognitive function, with a distinctive feature
being its inclusion of an affective state screen and a pre-
liminary assessment of the individual’s level of conscious-
ness [31]. The Wechsler Adult Intelligence Scale-Revised
Block Design Test aims to assess spatial visual ability,
visual constructional skills, and problem-solving abilities
[35]. Das-Naglieri Cognitive Assessment System is groun-
ded in the PASS (Planning, Attention, Simultaneous, and

Figure 2. The risk of bias assessment from Cochrane RoB2 [17,18,26-44]

Du et al

Successive Processing) theory and is suitable for assessing
cognitive functions in children and adolescents [27]. The
Wechsler Memory Scale-Fourth Edition primarily evaluates
memory functions within cognitive aspects [37].

Risk of Bias

The methodological quality of the 21 selected studies is
depicted in Figure 2. Most studies (n=18, 85.7%) were overall
rated as low risk. However, the study by Buele et al [18]
was assessed as high risk overall due to a lack of specific
information on whether all participants adhered strictly to
the intended intervention. Additionally, during the study, 5
participants withdrew. The text does not mention how these
missing data were handled, leading to a high-risk rating due
to deviations from intended intervention and bias arising from
missing outcome data. Furthermore, the studies by Oliveira et
al [26] and Park et al [38] were also rated as high risk overall
because they did not specify if blinding was used and did not
clearly state whether all participants adhered strictly to the
intended intervention, resulting in a high risk of bias due to
deviations from the intended intervention.

.RoB2: Risk of Bias 2.
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Meta-Analysis Results
Overall Effect

Regarding cognitive function, a random-effects model was
used, revealing a notable level of heterogeneity among the
21 included studies (I’=84%, P<.001). The meta-analysis’
overall effect indicated that interventions based on VR
technology could improve cognitive functions in patients
with neuropsychiatric disorders (standardized mean differ-
ence [SMD] 0.67, 95% CI 0.33-1.01, z=3.85, P<.001; Figure
3). For problems with heterogeneity >50%, we conducted a
sensitivity analysis by removing the 4 studies [17,30,33.43]
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and recalculated the combined estimate on remaining studies,
and a significant decrease in heterogeneity was found (I
decreased from 84% to 42%). The overall effect of the
meta-analysis demonstrated a similar result as above (SMD
0.53, 95% CI 0.31-0.74, z=4.82; P<.001), confirming the
robustness of the conclusion. (Figure 4). After re-examin-
ing these 4 studies, we identified that the potential sources
of heterogeneity may include disparities in baseline partic-
ipant characteristics, divergent sample sizes, variability in
assessment approaches, differences in intervention durations,
etc.
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Figure 3. The overall effect of VR-based interventions on cognitive function in patients with neuropsychiatric disorders [17,18,26-44]. Std: standard;

VR: virtual reality.
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Figure 4. After removing 4 studies that may be sources of heterogeneity, the overall effect of VR-based interventions on cognitive function in
patients with neuropsychiatric disorders [18,26-2931,32,34-42 44] . Std: standard; VR: virtual reality.
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Subgroup Analysis Based on Intervention

Types

According to the types of interventions, the data were

stratified

into 6 distinct groups

for

subgroup analy-

sis, including cognitive rehabilitation training, immersive
cognitive training, exergame-based training, music attention
training, telerehabilitation and social functioning training, and
vocational and problem-solving skills training. The results
showed that based on VR, cognitive rehabilitation training,
exergame-based training, and telerehabilitation and social
functioning training could significantly improve cognitive
functions in patients with neuropsychiatric disorders (SMD
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0.75, 95% CI 0.33-1.17, z=3.53, P<.001; SMD 1.09, 95%
CI 0.26-191, z=2.57, P=.01; SMD 2.21, 95% CI 1.11-3.32,
z=3.92, P<.001; respectively), whereas immersive cogni-
tive training, music attention training, and vocational and
problem-solving skills training do not yield significant
improvements in cognitive functions for these patients (SMD
0.33,95% CI -0.02 to 0.68, z=1.86, P=.06; SMD -0.1, 95%
CI -0.68 to 0.47, z=0.35, P=.72; SMD 0.28, 95% CI -0.34 to
0.90, z=0.88, P=.38; respectively). Additionally, the groups of
cognitive rehabilitation training and exergame-based training
exhibited high heterogeneity, with I? values of 69% and 87%,
respectively (Figure 5).
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Figure 5. The effect of subgroup analysis based on intervention types [17,18,26-44]. Std: standard.
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Subgroup Analysis Based on Disease Types

To investigate the potential reasons for differences in the
impact of various intervention types based on VR technol-
ogy on the cognitive functions of patients with neuropsychiat-
ric disorders, besides the reasons related to the intervention
types, we also proposed to analyze potential causes from the
perspective of the types of neuropsychiatric disorders. The
data was divided into 6 subgroups for subgroup analyses:
schizophrenia, brain injury, Parkinson disease, mild cognitive
impairment, stroke, and others. We found that VR-based
interventions significantly improved cognitive functions in
individuals with schizophrenia, mild cognitive impairment,
and other neuropsychiatric disorders (SMD 0.92, 95% CI
0.22-1.62, z=2.58, P=.01; SMD 0.75, 95% CI 0.16-1.35,
=247, P=.01; SMD 0.66,95% CI 0.22-1.10, z=2.93, P=.003;
respectively), but did not yield significant improvements for
those with brain injuries, Parkinson disease, or stroke (SMD
0.07, 95% CI —0.35 to 0.50, z=0.34, P=.73; SMD 0.81, 95%
CI 045 to 2.07, z=1.26, P=.21; SMD 0.56, 95% CI -0.38
to 1.50, z=1.16, P=.24; respectively). High heterogeneity was
observed in the Parkinson disease, mild cognitive impairment,
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and stroke groups, with I? values of 81%, 89%, and 81%,
respectively (Figure 6).

We found that among the 6 studies classified as immersive
cognitive training, 5 focused on patients with mild cogni-
tive impairment or predementia. Subgroup analyses consis-
tently indicated that interventions based on VR technology
could effectively improve cognitive function in these patients.
Notably, the study by Cheng et al [34] targeted patients
with Parkinson disease, and subgroup analyses showed that
VR-based interventions had no effect on improving cogni-
tive function in these patients; therefore, we speculated that
this study may be a potential reason for the lack of statisti-
cally significant differences in the outcomes of immersive
cognitive training. Subsequently, we conducted a sensitiv-
ity analysis by excluding the study by Cheng et al [34],
which resulted in immersive cognitive training, showing
statistically significant improvements in cognitive function.
This further confirmed our hypothesis. Music attention
training and vocational and problem-solving skills training
both focused on patients with brain injuries, and subgroup
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analyses showed that VR-based interventions did not improve
cognitive function in patients with brain injuries.

Figure 6. The effect of subgroup analysis based on disease types [17,18,26-44]. Std: standard.
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To assess publication bias among the studies, a funnel plot is
drawn. In this plot, the distribution of points is not entirely
symmetrical, particularly on the left side, which could be
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an indication of publication bias. However, since most of
the studies included in the meta-analysis report were smaller
sample sizes, they may not accurately reflect publication bias

(Figure 7).
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Figure 7. The funnel plot of publication bias. SMD: standardized mean difference.
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Discussion We 1n.cluded dat.a from several r.elatlvely hlgh—q}lallty RCTS,
revealing the efficacy and potential of VR-based interventions
Principa | Fin dings in improving cognitive functions, which are critical for the

The principal aim of this meta-analysis was to quantitatively
assess the efficacy of VR-based interventions on cognitive
function among individuals with neuropsychiatric disorders.
Through subgroup analyses, we sought to elucidate the
efficacy of distinct intervention types and to investigate
potential reasons for differences in results. Our findings
demonstrated that VR-based interventions yield a signifi-
cant positive effect on cognitive function in patients with
neuropsychiatric disorders. Specifically, subgroup analyses
revealed that cognitive rehabilitation training, exergame-
based training, and telerehabilitation and social functioning
training were associated with improvements in cognitive
performance. Conversely, immersive cognitive training,
music attention training, and vocational and problem-solv-
ing skills training did not significantly enhance cognitive
functions within this patient population. Further analysis from
the standpoint of disease categorization suggested that the
unique characteristics of conditions for Parkinson disease
and brain injury may underlie the lack of statistical signifi-
cance observed in the meta-analytic synthesis for immersive
cognitive training, music attention training, and vocational
and problem-solving skills training, which underscored the
importance of considering the specific etiology and pathol-
ogy of neuropsychiatric disorders when designing VR-based
therapeutic interventions.

Interpretation of Results

This study is the first to use quantitative analysis methods to
evaluate the impact of VR-based interventions on cogni-
tive functions in patients with neuropsychiatric disorders,
providing preliminary evidence of potential efficacy in this
therapeutic area. It represents an advancement in personal-
ized medicine and the development of digital health tools.

https://games.jmir.org/2025/1/e67501

rehabilitation of neuropsychiatric disorders.

In our study, VR-based interventions featured immer-
sive and highly interactive characteristics that can stimulate
neuroplasticity in the brain. This property allows the brain
to adapt to new information and skills by forming new
synaptic connections or strengthening existing ones [45.46].
In VR environments, the simultaneous provision of visual,
auditory, and tactile sensory inputs promotes synchronous
activity among different sensory processing areas of the
brain. This multisensory integration process is essential for
constructing a coherent cognitive representation and can,
to some extent, compensate for deficits caused by damage
to certain sensory channels [4748]. Different types of VR
experiences can specifically activate particular regions of
the brain. For instance, visual-spatial navigation tasks may
increase activity in the hippocampus, whereas complex social
interaction scenarios could impact the prefrontal cortex and
other brain areas associated with higher cognitive functions
[49,50]. This targeted stimulation may aid in repairing or
optimizing the functions of these brain regions. Furthermore,
VR-based interventions can also influence the brain’s reward
system. When users complete challenges or achieve goals
within a VR environment, they typically receive immediate
feedback and reward signals, such as increased scores or
virtual prizes. This type of positive reinforcement mechanism
can activate the reward centers in the brain, such as the
nucleus accumbens, triggering the release of dopamine, which
in turn can increase motivation levels and enhance learning
outcomes [51,52]. Another crucial point is that the VR-based
interventions in this review primarily simulate real-world life
scenarios, which is beneficial for improving the transfer effect
of cognitive enhancements to activities of daily living. This
approach aids in social reintegration and boosts the ability to
live independently [53].
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Through subgroup analysis of intervention types, we found
that immersive cognitive training, music attention training,
and vocational and problem-solving skills training based
on VR technology did not improve cognitive functions in
patients with neuropsychiatric disorders. This is inconsistent
with previous research findings [54]. In previous studies,
the aforementioned interventions primarily targeted patients
with mild cognitive impairment or dementia; in contrast,
our meta-analysis also included patients with Parkinson
disease and brain injury. Second, subgroup analyses in this
study revealed that exergame-based training was associated
with cognitive improvement. Emerging evidence suggests
that body position moderates the effectiveness of exergame-
based training on global cognition, with stepping move-
ment training in a predominantly standing position showing
greater benefits compared to weight shifting or exergam-
ing in a sitting position [55]. Consequently, the positive
effects of exergame-based training on cognition may have
been underestimated in our study. Notably, among the 4
exergame-based training studies included in this analysis, 3
used a seated position, while only 1 involved a standing
position [17,39-41]. The limited sample size prevented further
detailed and effective analysis. Therefore, future research
should investigate the influence of body posture on the
efficacy of different types of VR-based training to develop
more comprehensive and effective cognitive intervention
programs. Subgroup analysis by disease types revealed that
patients with Parkinson disease and brain injury did not show
significant cognitive improvements from VR-based interven-
tions. After excluding the study on Parkinson disease [34]
through sensitivity analysis, immersive cognitive training
demonstrated statistically significant improvement effects.
Parkinson disease, characterized by resting tremors, muscle
rigidity, bradykinesia, and postural instability, can limit a
patient’s ability to interact effectively within a VR environ-
ment, thereby reducing the efficacy of training [54]. For
example, decreased fine motor control may impair the ability
to complete tasks requiring hand-eye coordination [56].
Furthermore, abnormalities in cortico-basal ganglia circuits
in Parkinson disease may exacerbate executive dysfunction,
further hindering cognitive training outcomes [57]. Similarly,
different types of brain injuries can lead to either localized or
diffuse brain tissue damage. Localized injuries typically affect
specific functional areas, whereas diffuse injuries disrupt
broader neural networks. When critical neural pathways are
severed, simple repetitive training may be insufficient to
rebuild these connections, thereby limiting the effectiveness
of VR-based cognitive training [58,59]. However, emerg-
ing evidence suggests that while VR-based training often
presumes baseline executive functioning, such as planning
and organization [57], recent trials demonstrate its adapt-
ability to populations with neurological impairments. For
example, Dubbeldam et al [60] reported that technology use
did not lead to higher dropout rates, and adherence was
significantly higher in tailored interventions. This finding
aligns with Swinnen et al [61], who conducted a system-
atic review and found high attendance adherence rates even
in institutionalized individuals with major neurocognitive
disorder. Thus, the limited efficacy observed in our study
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may reflect limitations in the intervention design rather
than being solely attributable to inherent neuroanatomical
constraints. These findings underscore the importance of
tailoring VR-based interventions to the specific needs and
capabilities of patient populations, as well as optimizing the
design to maximize therapeutic outcomes.

Advantages and Prospects

The strength of this review lies in its novel use of
meta-analysis to quantify the effects of VR-based interven-
tions on cognitive functions in patients with neuropsychiat-
ric disorders, significantly enhancing statistical power and
providing a more comprehensive and robust estimate of
intervention efficacy [62]. Simultaneously, subgroup analyses
were conducted to evaluate the effects of different VR-
based intervention types and to examine potential reasons
for efficacy variations from the perspective of disease
types. These findings help identify potentially effective
VR interventions and technical components for improving
cognitive functions in patients with neuropsychiatric disorders
and suggest differences in responses to various interventions
across patient groups. Consequently, this provides a scientific
basis for the development of personalized treatment plans
and promotes the precise application and advancement of VR
technology in the rehabilitation of neuropsychiatric disorders.

Limitations

This study acknowledges several limitations that merit
consideration. First, the studies included in our review
exhibited certain heterogeneity due to differences among
participants’ baseline characteristics, sample sizes, assess-
ment methods, intervention durations, etc. Second, only
original research articles published in English were included,
which may lead to language-related selection bias. Addition-
ally, there may be some publication bias in this study.
Last, despite using a broad search strategy across 5 major
electronic databases, some studies have incomplete or entirely
missing information sources. Therefore, our conclusions
should be interpreted with caution.

Implications for Research

As VR-based interventions advance within personalized
medicine paradigms, future research must adopt structured,
user-centered frameworks to align technological develop-
ment with the specific needs, preferences, and capabilities
of populations with neuropsychiatric disorders. Frameworks
such as the Generative Co-Design Framework [63] and
the Multidisciplinary Iterative Design of Exergames [64]
emphasize participatory, iterative design involving end
users, clinicians, and industry partners. These methodolo-
gies, exemplified by projects such as Brain-IT (information
technology) help ensure that interventions are grounded
in real-world usability and adherence while integrating
established guidelines such as the Medical Research Council
Framework for Complex Interventions [65,66]. This approach
prioritizes multidisciplinary collaboration and continuous
feedback to enhance translational impact. Beyond effi-
cacy validation, research must investigate the mechanisms
through which VR enhances cognitive function, such as
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neuroplasticity and attentional engagement, to identify
potential commonalities or differential pathways across
disorders. Mechanistic clarity will inform the optimization
of VR components and protocols to better target thera-
peutic effects. Thus, by integrating user-centered design,
mechanistic investigation, and technological innovation, VR
has the potential to evolve into a robust, evidence-based

Duetal

in patients with neuropsychiatric disorders, particularly in
areas such as cognitive rehabilitation training, exergame-
based training, and telerehabilitation and social functioning
training. The findings provide valuable evidence supporting
the application of VR technology in the rehabilitation of
neuropsychiatric disorders and highlight possible directions
for future intervention strategies.

tool for neuropsychiatric rehabilitation, optimizing recovery
trajectories and long-term patient outcomes.

Conclusions

This meta-analysis showed that interventions based on VR
technology have the potential to improve cognitive functions
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