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Abstract

Background: As a neurodegenerative disorder, Parkinson disease (PD) demonstrates significant prevalence worldwide. As
the population ages, the number of patients with PD increases. Individuals with PD are susceptible to varying degrees of
cognitive and psychological impairments. Virtual reality (VR)-based therapy is an emerging technology used for cognitive
recovery and mental health treatment, yet controversy remains.

Objective: This study aimed to assess the impact of VR-based therapies on cognitive function and depression in patients with
PD.

Methods: An extensive database search was conducted through PubMed, Web of Science, Embase, and the Cochrane Library
to identify randomized controlled trials (RCTs) that investigated the impact of VR on patients with PD. Studies published
before March 31, 2026, which met our inclusion and exclusion criteria, were included. A total of 13 RCTs involving 430
patients with PD were included. The Cochrane risk-of-bias tool was used to assess the risk of bias, indicating the included
studies generally had a low risk of bias in randomization but a high or unclear risk concerning allocation concealment
and blinding. Random-effects meta-analyses were performed using standardized mean differences (SMDs) with 95% Cls.
Hartung-Knapp adjustments were applied, and prediction intervals (PIs) were calculated to assess the expected distribution
of effects across future settings. The certainty of evidence was assessed using GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation).

Results: In the meta-analysis, VR-based therapies were associated with statistically significant average improvements in
global cognitive function (SMD=0.40, 95% CI 0.11-0.70; 95% PI 0.10-0.70; P=.01; P=0%) and depressive symptoms
(SMD=-0.77, 95% CI —-142 to -0.12; 95% PI —1.82 to 0.27; P=.03; ’=31%). However, the PI for depression crossed the
line of no effect, suggesting that this effect may vary across future settings. No significant average effects were observed for
executive function (SMD=0.06, 95% CI —0.31 to 0.44; P=.66), memory (SMD=0.48, 95% CI -0.30 to 1.25; P=.15), attention
(SMD=0.01,95% CI —-0.28 to 0.31; P=.94), or quality of life (QoL) outcomes (SMD=0.01, 95% CI —0.46 to 0.47; P=.97).

Conclusions: The results suggest that VR-based therapies may be associated with improvements in global cognitive function
and depressive symptoms in patients with PD, although evidence for executive function, attention, memory, and QoL remains
inconclusive. This review provides an updated synthesis that differs from previous reviews by focusing on both global and
domain-specific cognitive outcomes, as well as depressive symptoms and QoL, rather than mainly on motor outcomes. By
incorporating recent RCTs and considering Pls, risk of bias, and GRADE certainty, this review offers a more cautious
interpretation of the evidence. In practice, VR-based therapies may serve as an engaging adjunct to conventional rehabilitation,
but larger and methodologically rigorous trials are needed before clinical recommendations can be made.
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Introduction

Parkinson disease (PD) is the second most frequently
occurring neurodegenerative condition [1]. In 2019, there
were approximately 8.51 million patients with PD worldwide
and about 2.84 million in China, making it the country
with the largest number of patients. With the progression
of China’s aging population, it is estimated that the num-
ber of patients with PD in China will reach 4.9 million by
2030, accounting for 57% of the world’s patients with PD
[2]. PD manifests through both motor symptoms (resting
tremor, slowed movements, rigidity) and nonmotor symp-
toms (cognitive decline, depression, sleep disorders) [3].
Approximately 60% to 80% of patients with PD develop
cognitive impairment. Cognitive decline is a hallmark of
the disease and typically manifests prior to the emergence
of motor symptoms [4]. Within 3 to 5 years postdiagno-
sis, mild cognitive impairment emerges in 20% to 57% of
individuals with PD, and with the progression of the disease,
dementia may occur [5]. A recent study further highlights
that the progression from PD-mild cognitive impairment
to PD-dementia is a critical transition point, significantly
accelerating functional decline and caregiver burden [6].
Once a patient with PD develops dementia, it seriously
affects their quality of life (QoL) and imposes a signifi-
cant caregiver burden on family members. As the disease
progresses, cognitive function impairment becomes more
severe, and mental health status deteriorates [7]. Mental
health includes emotional equilibrium and adaptive function-
ing, characterized by life satisfaction and effective stress
management [8]. Emotional difficulties such as depression,
anxiety, and high stress levels are widespread and long-last-
ing among individuals with PD, and about 40% of them
experience depression, which adversely affects rehabilitation
and indirectly influences the QoL of patients [9]. Notably, the
interplay between cognitive impairment and neuropsychiatric
symptoms such as depression is increasingly recognized as a
key determinant of overall disease burden and QoL in PD,
underscoring the need for integrated management strategies
[10].

Virtual reality (VR) is a technology that uses computers
to create lifelike simulated environments. Users can actively
explore and respond to different situations in a computer-
generated 3D world. Difficult real-world conditions can be
realistically simulated and experienced through VR platforms
[11]. The triad of immersion, interactivity, and imaginative
simulation has accelerated the adoption of VR therapeutics in
PD management over the past decade [12]. Although several
randomized controlled trials (RCTs) support the use of VR
therapy to enhance cognitive and mental health outcomes in
patients with PD [13-16], opposing studies argue that it offers
no additional benefits for cognition or depression compared to
traditional rehabilitation [17-19].
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Although several systematic reviews have investigated
the effects of VR-based therapy on cognitive function in
patients with PD, no consistent conclusions have been
reached. Dockx et al [12] conducted a meta-analysis of
RCTs published before November 26, 2016, and reported
potential beneficial effects of VR-based rehabilitation on
cognitive outcomes. However, the analysis included only 2
trials assessing cognition, which limited the robustness and
generalizability of the findings. Another systematic review
[20] examined RCTs conducted prior to December 30, 2018,
assessing the efficacy of VR-based therapy on cognitive
function in patients with PD. These findings demonstrated
that VR intervention showed no superior benefits compared
with conventional rehabilitation in cognition. In addition, the
psychological benefits of VR have received much attention.
A systematic review [21] showed the potential value of
VR intervention in reducing depressive symptoms, but due
to insufficient data, the findings were described narratively
rather than quantitatively synthesized. A meta-analysis by
Chuang et al [22] indicated that VR did not improve the
depressive state of patients compared with conventional
rehabilitation.

In conclusion, previous reviews have generally not
provided a comprehensive synthesis of both global and
domain-specific cognitive outcomes together with depres-
sive symptoms and QoL [12,21,23,24]. Important cogni-
tive domains, including executive function, attention, and
memory, remain insufficiently examined. Since the publica-
tion of earlier reviews, several additional RCTs have become
available, making an updated synthesis necessary. Further-
more, few previous reviews have interpreted the findings
using both CIs and prediction intervals (PIs). Therefore,
an updated and targeted systematic review is needed to
clarify the average effects of VR-based therapies on cognition
and depression, evaluate the expected variability of effects
across clinical settings, and assess the certainty and clini-
cal reliability of the current evidence. This review aimed
to provide a targeted and updated evaluation of VR-based
therapies on global and domain-specific cognitive outcomes,
depressive symptoms, and QoL in patients with PD. This
study hypothesizes that VR-based therapy holds promise
for positively impacting cognition, depression, and QoL in
patients with PD.

Methods

Protocol

This systematic review was officially recorded in PROS-
PERO (CRD420251000817). This systematic review was
conducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) guidelines (Checklist 1) [25]. The title of the study
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was modified after registration. It was revised to Impact of
Virtual Reality-Based Therapies on Cognition and Depres-
sion in Patients with Parkinson Disease: Systematic Review
and Meta-Analysis of Randomized Controlled Trials to better
reflect the scope and focus of the systematic review.

Literature Search Strategy

We systematically searched RCTs across 4 major databa-
ses (PubMed, Cochrane Library, Web of Science, and
Embase). Included studies were restricted to English-lan-
guage publications (up to March 31, 2026) evaluating VR
therapy on cognitive and mental health in patients with PD.
The search strategy was developed around 4 key concepts:
Parkinson disease, virtual reality—based therapy, cognitive
function or depression-related outcomes, and randomized
controlled trials. Both controlled vocabulary terms, including
MeSH terms in PubMed and Emtree terms in Embase, and
free-text terms were used. Field tags and database-specific
syntax were adapted for each database. All retrieved records
were exported to EndNote 21 (Clarivate) for deduplication.
Duplicates were removed using the software’s duplicate
identification function and then checked manually. The search
strategies are detailed in Multimedia Appendix 1.

Inclusion Criteria
Types of Trials

Our inclusion criteria were limited to peer-reviewed RCTs
published in English.

Types of Participants

The research subjects were those diagnosed with idiopathic
PD according to established clinical diagnostic criteria, such
as the UK Parkinson’s Disease Society Brain Bank Clini-
cal Diagnostic Criteria. No limitations were placed on PD
population specifics to capture the maximum number of
meta-analyses.

Types of Interventions

The experimental group of patients with PD received
VR-based therapy interventions. The types of VR inter-
ventions included nonimmersive, semi-immersive, and
fully immersive approaches. Intervention media could use
computers, tablets, video control platforms, mobile apps,
and simulated virtual environments. There were no limits to
the frequency, duration, or cycle of interventions. Control
interventions consisted of routine clinical care or non-VR
alternative therapies.

Types of Outcome Measures

The principal outcomes were global cognitive function
(assessed by the Montreal Cognitive Assessment [MoCA]
or the Mini-Mental State Examination [MMSE]), executive
function (eg, Trail Making Test Part B, Frontal Assessment
Battery, and Stroop Test), attention (eg, Trail Making Test
Part A and Digit Span Forward), and memory (eg, Rey
Auditory Verbal Learning Test, Verbal Memory Process
Test, and Addenbrooke's Cognitive Examination—Revised
[ACE-R] Memory). Secondary outcomes were depression
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(eg, Beck Depression Inventory, Geriatric Depression Scale,
and Hamilton Depression Rating Scale) and QoL (assessed by
the Parkinson's Disease Questionnaire-39).

Exclusion Criteria
Types of Trials

Systematic reviews, case reports, dissertations, conference
proceedings, and abstracts were explicitly excluded.

Types of Participants

The eligibility criteria were as follows: (1) diseases or
conditions other than PD, (2) physical impairments prevent-
ing engagement in VR rehabilitation, (3) age d older than
85 years, and (4) presence of severe medical illnesses that
interfere with VR training.

Types of Interventions

The intervention in the trial group did not include VR-based
therapy, whereas the control group underwent VR-based
therapy.

Types of Outcome Measures

Outcomes that are irrelevant, with analysis based on the same
set of data.

Study Selection and Data Extraction

Two independent reviewers conducted the study selection
process in accordance with predetermined criteria and
systematically abstracted data from eligible trials using a
standardized Microsoft Excel template. Conflicts of opinion
were settled via discussion with an experienced investiga-
tor. The information systematically abstracted from studies
included the author, publication year, country, sample size,
patients’ ages, details of the intervention and the control, and
related outcomes.

Risk of Bias Assessment

Two authors independently assessed the risk of bias in the
included studies. The Cochrane bias assessment tool was
used to examine study quality across key domains: random-
ization methods, allocation concealment, blinding, dropout
rates, outcome reporting, and other biases [26]. Disagree-
ments in opinion were resolved through discussion with an
experienced investigator.

Statistical Analysis

Comprehensive meta-analyses were performed using R
software (version 4.4.1; R Foundation for Statistical
Computing) with the meta package. For continuous variables,
effect sizes were computed as standardized mean differences
(SMDs), presented with 95% Cls. The weight assigned to
each study in the pooled analysis was calculated using the
inverse variance method. For studies reporting the median
and range rather than the mean and SD, we used the methods
developed by Luo et al [27] and Wan et al [28] to estimate
these values [27,28]. Briefly, these methods use sample size—
based formulas to derive the mean and SD from the median,
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range, and/or IQR, under the assumption that the underlying
data are approximately normally distributed. All meta-analy-
ses were conducted using the random-effects model. This
model was chosen because we did not assume that the
included studies shared a single common effect size, given
the expected variations in study populations and methodolo-
gies [29]. For meta-analyses with CIs close to the line of no
effect, the Knapp-Hartung adjustment was applied to provide
more conservative estimates. Statistical heterogeneity among
studies was assessed using the Cochran Q test and quantified
using the I statistic. A P<.10 for the Cochran Q test was
considered to indicate statistically significant heterogeneity,
while I values greater than 50% were considered to represent
substantial heterogeneity. We calculated PIs to quantify the
real-world practical implications of heterogeneity [30]. We
performed sensitivity analyses by sequentially removing each
study and comparing the resulting changes in effect estimates
and CIs. Because no more than 10 studies were included
in each outcome, we did not create funnel plots or conduct
the Egger test to assess potential small-study effects (ie, the
tendency for smaller studies to show larger effect sizes than
larger studies), which can be caused by publication bias,
among other factors [31].

Quality of Evidence

We applied the GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation) methodology to
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assess the certainty of evidence for each outcome meas-
ure. Given the inclusion of RCTs in our meta-analysis,
we assessed the potential downgrading of evidence quality
according to 5 GRADE criteria: risk of bias, inconsistency,
indirectness, imprecision, and publication bias [32]. Findings
were assigned to 1 of 4 evidence certainty classifications:
high, moderate, low, or very low.

Results

Selection Process

From the 1165 studies identified in the systematic search,
after the removal of duplicate articles (n=752), 413 were
left. Subsequently, 498 studies were excluded after care-
fully reading the titles and abstracts. Next, 241 studies
were excluded after reading the full text due to the wrong
population (n=68), unrelated outcomes (n=61), unreported
data (n=8), non-RCTs (n=47), or unavailable full text (n=57).
Ultimately, 13 RCTs were included in this meta-analysis
(Figure 1).

Figure 1. Flowchart of the study selection process. RCT: randomized controlled trial.
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Study Characteristics

Details of all 13 studies are presented in Multimedia
Appendix 2 [13-19,33-38]. Concerning the classification
of VR-based therapies, 11 items were nonimmersive, 1
item was semi-immersive, and 1 item was immersive. The
duration of intervention sessions ranged from 24 to 60
minutes. VR therapy duration differed across studies (4-12
wk), with sessions delivered 2 to 5 times weekly. Among
the 11 included studies, outcomes we focused on included
global cognitive function (n=8, 62%), executive function
(n=5, 38.5%), attention (n=6, 46%), memory (n=4, 30.8%),
depression (5 studies, 38.5%), and QoL (n=7, 53.8%).
Despite the fact that the tools used for outcome evaluation
differed among trials, all had proven reliability and valid-
ity, and the data collection was executed by experienced
personnel. To assess overall cognitive function, the MoCA
[13,16-18,37,38] and MMSE [15,33] were used. Tools used
to evaluate executive function included the Trail Making
Test Part B [17,18], Frontal Assessment Battery [15,33],
and Stroop Test [13]. Attention was evaluated using the
Trail Making Test Part A [15,17,18,38], Dual Task Forward
[13], and ACE-R Attention and Orientation [33]. Tools
used to evaluate memory included the Verbal Memory
Process Test [13], ACE-R Memory [33], and Rey Audi-
tory Verbal Learning Test [15,38]. The Parkinson’s Disease
Questionnaire-39 [16,18,19,33-36] was used to assess QoL.
Five trials used the Geriatric Depression Scale [3.4,13,33],
Hospital Anxiety and Depression Scale [19], Beck Depression

Figure 2. Risk of bias graph.
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Inventory [14], and Hamilton Depression Rating Scale [15] to
evaluate depression levels.

Risk of Bias Assessment

The recommended bias risk assessment tools from the
Cochrane Handbook were rigorously applied by 2 reviewers
to evaluate the risk of bias within the included studies. For
instance, regarding randomization methods, 11 studies were
judged as “low risk” because they implemented random-
ized allocation techniques, such as random number tables,
stratified randomization, computer randomization programs,
and coin flips. The remaining 2 studies mentioned ‘“ran-
domization” but did not disclose the specific randomization
methods, and were evaluated as “unclear risk.” Only 3 studies
achieved allocation concealment, while the remainder did not
disclose whether allocation concealment was executed and
were evaluated as “unclear risk.” One study that blinded
patients and participants was assessed as “low risk,” while
10 of the remaining studies were rated as “high risk.” Nearly
half of the trials had outcome assessors in a blinded state, and
the detection bias risk in these trials was evaluated as “low
risk.” Of the 13 studies, 5 had no data loss, 6 used intention-
to-treat principles, and 2 used multiple regression methods to
compensate for dropouts, so the risk of reporting bias was
evaluated as “low risk.” Other biases were not mentioned and
were evaluated as “low risk.” An overview of the methodo-
logical quality of the included papers is presented in Figures 2
and 3.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

15.4% (2/13)

46.2% (6/13)

53.8% (7/13)

30.8% (4/13)

7.7%
113

0% 25% 50% 75% 100%

. Low risk of bias I:l Unclear risk of bias . High risk of bias
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Figure 3. Risk of bias summary [13-19,33-38].

Zhang et al

<t
N S
g = 3 B
] % z E BB s :
E 2 8 @ £ w» 8 8§ § 5 ¢ & ¢
< 8 © 2 s S o o = ol b= = =
S = 5 Y k=) o = P @
5 < B .5 ® ® > > ] L o T o
2 g © @ o) ® o] o} 3 5 5 5 5
< m o (&3 I = = = = n %3] > >
. . . . . . . . . . . . . Random sequence generation (selection bias)
2 1 ® @ |2 @ 2|2 |2 |2 |@| 2| @ | @ |Alocation concealment (selection bias)
® ® e : - ? | ® @ | ® | ®| 2 | @ | 7 |Bindingof participants and personnel (performance bias)
BN BN BN BN BEK RE: 2 | @®| 2 | @ | 2 | @ | Binding of outcome assessment (detection bias)
. . . . . . . . . . . . . Incomplete outcome data (attrition bias)
. . . Z . . . . . . . . . Selective reporting (reporting bias)
® ©® ®© © © ® ©® ® ©® O ® ® O otervis

Quality of Evidence

In such interventional research, complete blinding of
practitioners, patients, and outcome evaluators proves
particularly difficult to achieve. The included RCTs were
unable to satisfy blinding criteria for either study participants
or outcome assessors. As a result, the certainty of evidence

Table 1. GRADE? assessment.

was reduced by 1 level based on shortcomings in the
randomized trial methodology. The overall certainty of
evidence for the assessed outcomes ranged from very low to
moderate quality. Comprehensive GRADE assessment results
are presented in Table 1.

Effect,
absolute (95%
Certainty assessment Patients, n CD Certainty
Other VR-
Assessmen Studies Study Risk of Inconsistenc Indirectnes Imprecisi consideratio based
t ,n design bias y S on ns therapy  Control
Global 8 Randomized Not Not serious Not serious  Serious® None 135 127 SMDY 0.4 higher SPpPpO
cognitive trials serious (0.11 higher to Moderate®
function 0.70 higher)
Executive 5 Randomized Serious® Not serious Not serious Serious® None 79 77 SMD 0.06 higher @@OO
function trials (0.31 lower to Low®*®
0.44 higher)
Attention 6 Randomized Serious{  Not serious Not serious  Serious® None 104 97 SMD 0.24 lower OO0
trials (0.95 lower to Low®,
0.46 higher)
Memory 4 Randomized Serious® Not serious Serious® Serious® None 33 33 SMD 0.48 higher OO0
trials (0.3 lower to 1.25 Very
higher) low® -8
Depression 5 Randomized Serioush Not serious Serious& Serious® None 60 59 SMD 0.77 lower @OOO
trials (1.42 lower to Very
0.12 lower) lowS:&h
Quality of life 7 Randomized Serious!  Not serious Not serious  Serious® None 98 103 SMD 0.01 higher PPHOO
trials (0.46 lower to Low®

0.47 higher)

3GRADE: Grading of Recommendations, Assessment, Development, and Evaluation.

bVR: virtual reality.

“The total number of events is fewer than 400, and the sample size is inadequate, leading to underpowered analyses.

dSMD: standardized mean difference.

The lack of reported allocation concealment in some studies introduces a risk of selection bias.

fThe absence of appropriate intention-to-treat analysis in some studies introduces a risk of attrition bias.

8The outcomes were measured using suboptimal methods or instruments, which may compromise the validity of the findings.
hSome studies had limitations in blinding, which raises concerns about performance bias.
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Results of the Meta-Analysis

Effects on Global Cognitive Function

As shown in Figure 4, there were 8 studies [13,15-18,33,
37,38] with 262 participants that examined the treatment
effects of VR-mediated rehabilitation on global cognition. For
global cognitive function, the pooled average effect favored
VR-based therapy over control interventions (SMD=0.40,

Zhang et al

95% CI 0.11-0.70; IP=0%; t°=0). The CI indicates a
statistically significant average improvement across the
included studies. The PI (95% PI 0.10-0.70) also remained in
the beneficial range, suggesting that similar beneficial effects
may be expected across comparable future settings. However,
this finding should still be interpreted cautiously because the
GRADE certainty of evidence was moderate, mainly due to
imprecision related to the small total sample size.

Figure 4. Forest plot for VR on global cognitive function. SMD: standardized mean difference; VR: virtual reality [13,15-18,33,37,38].

Experimental Control Standardized Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl  Weight
Allen 2017 18 2780 3.00 19 2820 200 -0.15 [-0.80; 0.49] 14.7%
Buonocore 2025 25 20.71 3.10 20 18.10 4.84 = 065 [0.04; 1.25] 16.8%
Cetin 2024 12 2477 282 1 2294 356 il e 0.58 [-0.26; 1.41] 8.7%
Hajebrahimi 2022 11 2454 150 13 2300 49 —r— 0.39 [0.42; 1.21] 9.3%
Maggio 2018 10 2469 378 10 2342 318 —F 0.35 [-0.54; 1.23] 7.8%
Maggio 2024 12 2890 090 10 2770 1.10 ——%——> 116 [0.24;208] 7.2%
Nuvolini 2025 19 24.40 3.90 19 23.70 4.10 — T 017 [-0.47; 0.81] 15.1%
Song 2018 28 2730 280 25 26.10 2.30 T . 046 [-0.09; 1.01] 20.5%
Random effects model {(Knapp-Hartung) 135 127 - 0.40 [0.11; 0.70] 100.0%
Prediction interval I I — | [ 0.10; 0.70]

Heterogeneity: £ = 0.00%, t= 0, P= 0.4480
Test for overall effect: ; = 3.24 (P = 0.01)

Effects on Executive Function

As shown in Figure 5, there were 5 RCTs [13,15,17,18,
33] with 156 participants that examined the influence of
VR-based therapies on executive function. For executive
function, the pooled average effect did not show a statisti-
cally significant difference between VR-based therapy and
control interventions (SMD=0.06, 95% CI -0.31 to 0.44;

-2 -1 0 1 2
Favors control Favors VR-based therapy
Standardized Mean Difference

PP=0%; 1°=0). Although heterogeneity was low, both the
CI and PI (95% PI -0.38 to 0.51) crossed the line of no
effect, indicating uncertainty in both the average effect and
the likely effects across future settings. The GRADE certainty
of evidence was low due to methodological concerns and
imprecision.

Figure 5. Forest plot for VR on executive function. SMD: standardized mean difference; VR: virtual reality [13,15,17,18,33].

Experimental Control Standardized Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Allen 2017 18 95.00 88.10 19 9340 5050 ‘ 0.02 [-0.62,067] 24.1%
Hajebrahimi 2022 11 5794 2381 13 6550 22.16 _'_"_ -0.32 [1.13;0.49] 15.3%
Maggio 2018 10 1423 353 10 1372 232 ——'7 0.16 [-0.71;1.04] 13.0%
Maggio 2024 12 1680 0.0 10 1570 220 **"* 0.65 [-0.21;1.52] 13.3%
Song 2018 28 9520 62.00 25 9550 8220 _'_ -0.00 [-0.54;0.54] 34.4%
Random effects model (Knapp-Hartung) 79 7 'f-::::’ 0.06 [-0.31; 0.44] 100.0%
Prediction interval ] em—— [-0.38; 0.51]
Heterogeneity: I* = 0.00%, 1= 0, P= 0.5977 |2 _I1 {l) 1| 2|

Test for overall effect: t, = 0.47 (P = 0.66)

Effects on Attention

There were 6 studies [13,15,17,18,33,38] with 201 patients
that examined the effects of VR-mediated rehabilitation on

https://games.jmir.org/2026/1/e77875

Favors control Favors VR-based therapy
Standardized Mean Difference

attention, and the findings indicated no significant influ-
ence on attention compared with traditional rehabilitation
(SMD=-0.24, 95% CI -095 to 0.46; P=42; I=64%:;
1°=0.23; Figure 6). By excluding individual trials one by
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one, the I? statistic ranged from 0% to 70%, and the 95%
CI was —0.41 to 0.31. The sensitivity results showed that
the sensitivity result is stable (SMD=0.01, 95% CI -0.28
to 0.31; P=.94; ’=0%; t°=0; Figure 7). The PI (95% PI
—0.95 to 0.46) also crossed 0, indicating uncertainty in the

Zhang et al

real-world effect of VR rehabilitation on attention across
different populations. Given the low GRADE certainty and
methodological limitations in some included studies, no firm
conclusion can be drawn for this outcome.

Figure 6. Forest plot for VR on attention. SMD: standardized mean difference; VR: virtual reality [13,15,17,18,33,38].

Standardized Mean

Experimental Control

Study Total Mean SD Total Mean sD
Allen 2017 18 3480 1070 19 3860 15.10
Buonaocore 2025 25 8190 5650 20 6790 29.90
Hajebrahimi 2022 1 -5.09 1.04 13 -5.15 0.80
Maggio 2018 10 -1648 232 10 -14.43 412
Maggio 2024 12 2820 1530 10 63.60 25.20
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Figure 7. Forest plot for VR on attention after conducting sensitivity analysis [13,15,17,18,33,38]. SMD: standardized mean difference; VR: virtual

reality.
Study Leave-One-Out Meta-Analysis SMD 95%-Cl p Tau? Tau 12
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Omitting Song 2018 -0.36 [1.27; 0.55] 033 031 055 67.14%
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Effects on Memory

There were 4 studies [13,15,33,38] with 111 participants
that examined the effects of VR-mediated rehabilitation on
memory. For memory, the pooled average effect was not
statistically significant (SMD=0.48, 95% CI -0.30 to 1.25;
P=31%; 1°=0.07; Figure 8). Although the point estimate
favored VR-based therapy, the CI crossed the line of no

https://games.jmir.org/2026/1/e77875

effect, indicating uncertainty in the average effect. The 95%
PI (95% PI —0.67 to 1.62) also crossed the line of no effect,
suggesting that future studies may observe effects ranging
from benefit to no benefit or possible harm. The GRADE
certainty of evidence was very low, mainly due to impreci-
sion, methodological concerns, and indirectness related to
outcome measurement.
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Figure 8. Forest plot for VR on memory. SMD: standardized mean difference; VR: virtual reality [13,15,33,38].
Experimental Control Standardized Mean
Study Total  Mean SD  Total Mean SD Difference SMD 95%-Cl  Weight
Buonocore 2025 2% 3122 941 20 3023 963 —'—'— 072 [011;133] 34.4%
Hajebrahimi 2022 11 11.54 377 13 146 423 4+L*—~ 0.02 [-0.78;082] 24.1%
Maggio 2018 10 16.53  6.19 10 1624 512 -———-'-——'-—- 0.05 [-0.83093] 21.3%
Maggio 2024 12 940 240 10 7.00 190 ——W——— 105 [0i5;196] 20.2%
Random effects model (Knapp-Hartung) 58 53 ~ T 048 [0.30;1.25] 100.0%
Prediction interval [-0.67; 1.62]
[ I I |
Heterogeneity: #= 30.94%, t=0.27, P =0.2266 ) 1 0 1 5
Test for overall effect: t; = 1.96 (P = 0.15)
Favors control ~ Favors VR-based therapy

Effects on Depression

There were 5 RCTs [13-15,19,33] with 119 participants that
investigated the effects of VR-mediated rehabilitation on
depression. For depression, the pooled average effect favored
VR-based therapy over control interventions (SMD=-0.77,
95% CI —1.42 to -0.12; I*=31%; ©*>=0.10; Figure 9). The
CI indicates a statistically significant average reduction in
depressive symptoms. However, the PI (95% PI —-1.82 to

Standardized Mean Difference

0.27) crossed the line of no effect, indicating that the effect
may not be consistently reproduced across future clinical
settings. In addition, the GRADE certainty of evidence for
depression was very low, with concerns related to risk of bias,
imprecision, and indirectness. Therefore, this result should
be interpreted as preliminary evidence of a possible average
benefit.

Figure 9. Forest plot for VR on depression. SMD: standardized mean difference; VR: virtual reality [13-15,19,33].

Experimental Control

Study Total Mean SD Total Mean SD
Hajebrahimi 2022 " 490 323 13 900 855
Lee 2015 10 1820 2.00 10 2050 1.50
Maggio 2018 10 1214 6.70 10 1288 7.31
Maggio 2024 12 500 420 10 710 290
Van den Heuvel 2014 17 286 162 16 572 244
Random effects model (Knapp-Hartung) 60 59

Prediction interval

Heterogeneity: 2= 31.31%, =029, P=0.2128
Test for overall effect: t; = -3.30 (P =0.03)

Effects on QoL

There were 7 studies [13,16,18,19,34-36] with 201 partici-
pants that examined the effects of VR-mediated rehabilita-
tion on QoL. For QoL, no statistically significant average
effect was observed between VR-based therapy and control
interventions (SMD=0.01, 95% CI —0.46 to 0.47; ’=44%;
1°=0.11; Figure 10). Both the CI and PI (95% PI -0.95 to
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0.46) crossed the line of no effect, indicating uncertainty in
the average effect and substantial variability in the effects
that may be observed across future settings. The GRADE
certainty of evidence was low; therefore, the current evidence
does not support a clear conclusion regarding the effect of
VR-based therapy on QoL.
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Figure 10. Forest plot for VR on quality of life. SMD: standardized mean difference; VR: virtual reality [13,16,18,19,34-36].

Experimental Control

Study Total Mean SD  Total Mean sD
Allen 2017 18 2370 14.90 19 24.30 9.80
Carpinella 2017 17 4460 24.70 20 59.20  23.30
Cetin 2024 12 2161  17.36 1" 2154 2136
Hajebrahimi 2022 1" 2472 1581 13 33.00 271.53
Santos 2019 13 29.01 1055 14 2475 1944
Van den Heuvel 2014 17 4134 2830 16 21.70 5.08
Yang 2016 10 23.80 15.50 10 2640 1910
Random effects model (Knapp-Hartung) 98 103

Prediction interval

Heterogeneity: /° = 44.13%, = = 0.34, P = 0.0968
Test for overall effect: t; = 0.04 (P = 0.97)

Favors VR-based therapy

Discussion

Principal Findings

This systematic review and meta-analysis aimed to evalu-
ate the effects of VR-based therapies on cognitive function
and depressive symptoms in patients with PD. This system-
atic review and meta-analysis found that VR-based thera-
pies were associated with statistically significant average
improvements in global cognitive function and depressive
symptoms in patients with PD. However, no significant
improvements were observed in specific cognitive domains,
such as executive function, attention, or memory. These
results indicate that VR-based therapies may provide certain
cognitive and psychological benefits for individuals with PD,
although the current evidence remains limited.

VR-based therapy has been proven effective for cogni-
tive rehabilitation in patients with neurocognitive disorders,
demonstrating therapeutic effects on neurological recovery
and performance improvement [39-41]. An increasing body
of research indicates that VR-based therapy enhances the
overall cognitive level of patients with PD [13,15,16,33]. Our
findings also confirm that VR-based therapy positively affects
the global cognitive function of patients with PD. From a
neurological standpoint, the multiple sensory stimulations
provided by VR promote neuroplasticity, reduce compensa-
tory activation in areas such as the prefrontal cortex, and
enhance cognitive efficiency, thus improving the overall
cognitive function of patients [42]. Our results align with the
meta-analysis review published by Triegaardt et al [21] and
Dockx et al [12], which reported that VR therapy surpasses
control interventions in enhancing the global cognition of
patients with PD. However, our research outcomes differ
from those of Hussain et al [43], who discovered that
VR-based therapy was ineffective in improving the cogni-
tive function of patients with PD. This discrepancy may be
attributed to the inclusion of only a single VR intervention
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based on the Wii Fit system. Our results also diverge from
those of Lei et al [20], potentially because this systematic
review focused on patient gait and balance as the primary
outcome indicators and included only 2 studies that targeted
cognitive ability. Neither of the included studies featured VR
interventions aimed at cognitive enhancement, which may
have influenced the results.

Cognitive function is a complex concept, encompassing
attention, executive function, memory, mental speed, and
other areas of cognitive function [44]. Despite finding a
positive effect on global cognitive function, our study did
not identify significant improvements in the specific domains
of executive function, attention, or memory. One possible
explanation for this discrepancy lies in the “sum of parts”
phenomenon and considerations of statistical power [45].
A significant improvement in a global composite score can
occur through small, synergistic improvements across several
domains that individually do not reach statistical significance
in a meta-analysis. Our domain-specific analyses, especially
for memory and attention, included a limited number of
studies, resulting in lower statistical power to detect small-to-
moderate effects. Thus, the positive trend observed in some
domains might have been substantial enough, in aggregate,
to drive the significant improvement in the more sensitive
global cognitive score, even if each individual domain’s
effect did not reach statistical significance in isolation. There
are few systematic reviews of VR therapies targeting specific
cognitive functions in patients with PD. A possible reason
for the study results is that there are limited VR-based
interventions designed to train patients with PD in specific
cognitive domains. Only 1 article [33] arranges specific VR
interventions for executive function, attention, and memory
ability, and the results of this article show that VR has a
positive impact on these 3 cognitive domains. Song et al [17]
found that although objective tests of executive function did
not show significant differences, patients in the intervention
group subjectively reported improvement in action ability,
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which may indirectly reflect improvement in executive
ability, especially in planning and adjusting strategies for
daily activities. Although our results show that VR failed
to improve executive function, attention, and memory in
patients with PD, compared with traditional interventions,
VR intervention can provide subjects with a wider variety of
therapeutic stimulation methods. It has improved the means to
monitor the effects of stimulation, enhanced subjects’ ability
to interact with and respond to stimuli, and increased the
standardization of treatment [46]. Therefore, research on VR
for the specific cognitive functions of patients with PD is very
meaningful and worth exploring in the future.

Poor mental health is a common symptom in individu-
als with PD, with approximately half of these individuals
experiencing depression [9]. Depression affects approxi-
mately 40% of the QoL of patients with PD [47]. VR
interventions have shown promise in addressing anxiety
and depression, offering a safe and immersive environment
where patients can learn coping strategies and manage their
condition without harming those with psychological problems
[48,49]. Our results indicate that VR-based therapy may
improve depressive symptoms in patients with PD. One
possible explanation for this enhancement is that VR training
increases patients’ compliance and enthusiasm for rehabili-
tation. By providing multisensory stimuli and constructing
a lifelike virtual environment during this engaging training
process, patients are more likely to be involved and gain
a sense of achievement, which is beneficial for improving
their psychological state and has a positive influence on
depression [49]. From a neurological perspective, VR training
presents patients with interesting scenarios that stimulate
the release of endorphins and dopamine, thereby generating
positive emotions and enhancing their emotional state [15].
Although the pooled analysis supports the overall efficacy of
VR rehabilitation for depression, the PI crossed the line of no
effect, and the GRADE certainty was very low. This indicates
that the effect on depressive symptoms may vary across
populations, intervention protocols, and clinical contexts.
Therefore, the evidence for depression should be considered
preliminary. Despite improvements in depression symptoms
with VR intervention, our results indicate that the QoL of
patients with PD does not improve. This is consistent with
the findings of Navarro-Lozano et al [50], who suggested that
the efficacy of VR-based therapy in enhancing the QoL for
patients with PD is inconclusive. The QoL of patients with
PD is influenced not only by psychological health but also
by the disease itself, social support, and environmental factors
[51]. VR intervention does not have a fundamental impact on
the disease process or environmental factors, and since QoL is
affected by multiple factors, merely improving mental health
does not necessarily benefit the overall QoL of patients.

Zhang et al

Limitations

Our review had some potential limitations. First, the number
of trials encompassed in the meta-analysis was restricted.
Second, studies varied in the types of VR systems used,
the media presented, and how outcomes were assessed.
Research into the optimal method of VR intervention is
complex and difficult. Third, the interpretation of results
is constrained by the composite nature of global cognitive
scales (eg, MoCA, MMSE) versus the limited domain-spe-
cific evidence available. While the observed global improve-
ments suggest a generalized positive effect of VR, our
domain-specific meta-analyses were necessarily limited to
attention, executive function, and memory due to insufficient
data reported for other domains (eg, language, visuospatial
ability) in the literature. Fourth, and importantly, we were
unable to perform meaningful subgroup analyses to explore
the potential influence of patient characteristics (eg, disease
severity, baseline cognitive status) or intervention features
(eg, level of immersion) on the outcomes. This was pri-
marily due to the lack of stratified data reporting in the
original studies and the insufficient number of studies in
potential subgroups (eg, only 2 studies used semi-immersive
VR systems). Finally, in our review, we only considered
the postintervention effect and did not focus on the subse-
quent effects on patients. Further research is required to
ascertain whether the effects observed in the present review
are sustained over time. If not, research is needed to establish
how often and how long VR therapy should be administered
to maintain its benefits.

Conclusions

This systematic review and meta-analysis suggest that
VR-based therapies may show potential average benefits
for global cognitive function and depressive symptoms, but
evidence remains uncertain for executive function, atten-
tion, memory, and QoL. These results should be interpre-
ted cautiously because of methodological limitations, low
or very low certainty for several outcomes, and variability
across settings, particularly for depression. Unlike previous
reviews that mainly focused on motor outcomes, this review
separately examined global cognitive function, specific
cognitive domains, depressive symptoms, and QoL, while
incorporating recent RCTs. Therefore, the current evidence
suggests that VR-based therapies are a promising adjunctive
rehabilitation approach, but it is insufficient to draw definitive
conclusions about efficacy. The confirmation of these effects
is necessitated by larger RCTs. The achievement of high-
quality studies will eventually further the understanding of
the ideal cognitive and mental rehabilitation approaches for
patients with PD.

Acknowledgments

The authors express their sincere gratitude to all the members of the research team for their contributions. ChatGPT-4.5 was
used under full human supervision for language editing, translation, text generation, and code optimization during manuscript
preparation. All outputs were reviewed and verified by the authors, who retain full responsibility for the accuracy, originality,
integrity, references, citations, and final content of the manuscript.

Funding

https://games.jmir.org/2026/1/e77875

JMIR Serious Games 2026 | vol. 14 1e77875 | p. 11
(page number not for citation purposes)


https://games.jmir.org/2026/1/e77875

JMIR SERIOUS GAMES Zhang et al

This work was supported by the Joint Research Center for Regional Diseases of IHM (2024bydjk003) and the Anhui
Provincial Department of Education (2024AH040340).

Data Availability
The data supporting this study's findings are available from the corresponding author upon reasonable request.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Search strategy.
[DOCX File (Microsoft Word File), 20 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Characteristics of the included papers.
[DOCX File (Microsoft Word File), 33 KB-Multimedia Appendix 2]

Checklist 1

PRISMA checklist.
[PDF File (Adobe File), 125 KB-Checklist 1]

References

1.  GBD 2016 Neurology Collaborators. Global, regional, and national burden of neurological disorders, 1990-2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. May 2019;18(5):459-480. [doi: 10.
1016/S1474-4422(18)30499-X] [Medline: 30879893]

2. Dorsey ER, Constantinescu R, Thompson JP, et al. Projected number of people with Parkinson disease in the most
populous nations, 2005 through 2030. Neurology. Jan 30, 2007;68(5):384-386. [doi: 10.1212/01.wnl.0000247740.47667.
03] [Medline: 17082464]

3. Armstrong MJ, Okun MS. Diagnosis and treatment of Parkinson disease: a review. JAMA. Feb 11,
2020;323(6):548-560. [doi: 10.1001/jama.2019.22360] [Medline: 32044947]

4. Orgeta V, McDonald KR, Poliakoff E, Hindle JV, Clare L, Leroi I. Cognitive training interventions for dementia and
mild cognitive impairment in Parkinson’s disease. Cochrane Database Syst Rev. Feb 26, 2020;2(2):CD011961. [doi: 10.
1002/14651858.CD011961.pub2] [Medline: 32101639]

5.  Kehagia AA, Barker RA, Robbins TW. Neuropsychological and clinical heterogeneity of cognitive impairment and
dementia in patients with Parkinson’s disease. Lancet Neurol. Dec 2010;9(12):1200-1213. [doi: 10.1016/S1474-
4422(10)70212-X] [Medline: 20880750]

6. Aarsland D, Batzu L, Halliday GM, et al. Parkinson disease-associated cognitive impairment. Nat Rev Dis Primers. Jul
1,2021;7(1):47. [doi: 10.1038/s41572-021-00280-3] [Medline: 34210995]

7.  Weintraub D, Aarsland D, Chaudhuri KR, et al. The neuropsychiatry of Parkinson’s disease: advances and challenges.
Lancet Neurol. Jan 2022;21(1):89-102. [doi: 10.1016/S1474-4422(21)00330-6] [Medline: 34942142]

8. Davydov DM, Stewart R, Ritchie K, Chaudieu I. Resilience and mental health. Clin Psychol Rev. Jul
2010;30(5):479-495. [doi: 10.1016/j.cpr.2010.03.003] [Medline: 20395025]

9.  Cong S, Xiang C, Zhang S, Zhang T, Wang H, Cong S. Prevalence and clinical aspects of depression in Parkinson’s
disease: a systematic review and meta-analysis of 129 studies. Neurosci Biobehav Rev. Oct 2022;141:104749. [doi: 10.
1016/j.neubiorev.2022.104749] [Medline: 35750224]

10. Kehagia AA. Neuropsychiatric symptoms in Parkinson’s disease: beyond complications. Front Psychiatry. 2016;7:110.
[doi: 10.3389/fpsyt.2016.00110] [Medline: 27445867]

11. Cipresso P, Giglioli IAC, Raya MA, Riva G. The past, present, and future of virtual and augmented reality research: a
network and cluster analysis of the literature. Front Psychol. 2018;9:2086. [doi: 10.3389/fpsyg.2018.02086] [Medline:
30459681]

12.  Dockx K, Bekkers EM, Van den Bergh V, et al. Virtual reality for rehabilitation in Parkinson’s disease. Cochrane
Database Syst Rev. Dec 21,2016;12(12):CD010760. [doi: 10.1002/14651858.CD010760.pub2] [Medline: 28000926]

13. Hajebrahimi F, Velioglu HA, Bayraktaroglu Z, Helvaci Yilmaz N, Hanoglu L. Clinical evaluation and resting state fMRI
analysis of virtual reality based training in Parkinson’s disease through a randomized controlled trial. Sci Rep. May 16,
2022;12(1):8024. [doi: 10.1038/541598-022-12061-3] [Medline: 35577874]

14. Lee NY,Lee DK, Song HS. Effect of virtual reality dance exercise on the balance, activities of daily living, and
depressive disorder status of Parkinson’s disease patients. J Phys Ther Sci. Jan 2015;27(1):145-147. [doi: 10.1589/jpts.
27.145] [Medline: 25642060]

https://games.jmir.org/2026/1/¢77875 JMIR Serious Games 2026 | vol. 14 1e77875 | p. 12
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v14i1e77875_app1.docx
https://jmir.org/api/download?alt_name=games_v14i1e77875_app1.docx
https://jmir.org/api/download?alt_name=games_v14i1e77875_app2.docx
https://jmir.org/api/download?alt_name=games_v14i1e77875_app2.docx
https://jmir.org/api/download?alt_name=games_v14i1e77875_app3.pdf
https://jmir.org/api/download?alt_name=games_v14i1e77875_app3.pdf
https://doi.org/10.1016/S1474-4422(18)30499-X
https://doi.org/10.1016/S1474-4422(18)30499-X
http://www.ncbi.nlm.nih.gov/pubmed/30879893
https://doi.org/10.1212/01.wnl.0000247740.47667.03
https://doi.org/10.1212/01.wnl.0000247740.47667.03
http://www.ncbi.nlm.nih.gov/pubmed/17082464
https://doi.org/10.1001/jama.2019.22360
http://www.ncbi.nlm.nih.gov/pubmed/32044947
https://doi.org/10.1002/14651858.CD011961.pub2
https://doi.org/10.1002/14651858.CD011961.pub2
http://www.ncbi.nlm.nih.gov/pubmed/32101639
https://doi.org/10.1016/S1474-4422(10)70212-X
https://doi.org/10.1016/S1474-4422(10)70212-X
http://www.ncbi.nlm.nih.gov/pubmed/20880750
https://doi.org/10.1038/s41572-021-00280-3
http://www.ncbi.nlm.nih.gov/pubmed/34210995
https://doi.org/10.1016/S1474-4422(21)00330-6
http://www.ncbi.nlm.nih.gov/pubmed/34942142
https://doi.org/10.1016/j.cpr.2010.03.003
http://www.ncbi.nlm.nih.gov/pubmed/20395025
https://doi.org/10.1016/j.neubiorev.2022.104749
https://doi.org/10.1016/j.neubiorev.2022.104749
http://www.ncbi.nlm.nih.gov/pubmed/35750224
https://doi.org/10.3389/fpsyt.2016.00110
http://www.ncbi.nlm.nih.gov/pubmed/27445867
https://doi.org/10.3389/fpsyg.2018.02086
http://www.ncbi.nlm.nih.gov/pubmed/30459681
https://doi.org/10.1002/14651858.CD010760.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28000926
https://doi.org/10.1038/s41598-022-12061-3
http://www.ncbi.nlm.nih.gov/pubmed/35577874
https://doi.org/10.1589/jpts.27.145
https://doi.org/10.1589/jpts.27.145
http://www.ncbi.nlm.nih.gov/pubmed/25642060
https://games.jmir.org/2026/1/e77875

JMIR SERIOUS GAMES Zhang et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Maggio MG, Luca A, Cicero CE, et al. Effectiveness of telerehabilitation plus virtual reality (Tele-RV) in cognitive e
social functioning: a randomized clinical study on Parkinson's disease. Parkinsonism Relat Disord. Feb
2024;119:105970. [doi: 10.1016/j.parkreldis.2023.105970] [Medline: 38142630]

Cetin B, Kiling M, Cakmakli GY. The effects of exergames on upper extremity performance, trunk mobility, gait,
balance, and cognition in Parkinson’s disease: a randomized controlled study. Acta Neurol Belg. Jun
2024;124(3):853-863. [doi: 10.1007/s13760-023-02451-3] [Medline: 38182919]

Song J, Paul SS, Caetano MJD, et al. Home-based step training using videogame technology in people with Parkinson’s
disease: a single-blinded randomised controlled trial. Clin Rehabil. Mar 2018;32(3):299-311. [doi: 10.1177/
0269215517721593] [Medline: 28745063]

Allen NE, Song J, Paul SS, et al. An interactive videogame for arm and hand exercise in people with Parkinson’s
disease: a randomized controlled trial. Parkinsonism Relat Disord. Aug 2017;41:66-72. [doi: 10.1016/j.parkreldis.2017.
05.011] [Medline: 28528804]

van den Heuvel MRC, Kwakkel G, Beek PJ, Berendse HW, Daffertshofer A, van Wegen EEH. Effects of augmented
visual feedback during balance training in Parkinson’s disease: a pilot randomized clinical trial. Parkinsonism Relat
Disord. Dec 2014;20(12):1352-1358. [doi: 10.1016/j.parkreldis.2014.09.022] [Medline: 25283070]

Lei C, Sunzi K, Dai F, et al. Effects of virtual reality rehabilitation training on gait and balance in patients with
Parkinson’s disease: a systematic review. PLoS One. 2019;14(11):e0224819. [doi: 10.1371/journal.pone.0224819]
[Medline: 31697777]

Triegaardt J, Han TS, Sada C, Sharma S, Sharma P. The role of virtual reality on outcomes in rehabilitation of
Parkinson’s disease: meta-analysis and systematic review in 1031 participants. Neurol Sci. Mar 2020;41(3):529-536.
[doi: 10.1007/s10072-019-04144-3] [Medline: 31808000]

Chuang CS, Chen YW, Zeng BY, et al. Effects of modern technology (exergame and virtual reality) assisted
rehabilitation vs conventional rehabilitation in patients with Parkinson’s disease: a network meta-analysis of randomised
controlled trials. Physiotherapy. Dec 2022;117:35-42. [doi: 10.1016/j.physio.2022.07.001] [Medline: 36242929]

Kwon SH, Park JK, Koh YH. A systematic review and meta-analysis on the effect of virtual reality—based rehabilitation
for people with Parkinson’s disease. J Neuroeng Rehabil. Jul 20, 2023;20(1):94. [doi: 10.1186/s12984-023-01219-3]
[Medline: 37475014]

Sarasso E, Gardoni A, Tettamanti A, Agosta F, Filippi M, Corbetta D. Virtual reality balance training to improve balance
and mobility in Parkinson’s disease: a systematic review and meta-analysis. J Neurol. Apr 2022;269(4):1873-1888. [doi:
10.1007/s00415-021-10857-3] [Medline: 34713324]

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. Mar 29, 2021;372:n71. [doi: 10.1136/bmj.n71] [Medline: 33782057]

Higgins JPT, Altman DG, Ggtzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. Oct 18, 2011;343:d5928. [doi: 10.1136/bmj.d5928] [Medline: 22008217]

Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or
mid-quartile range. Stat Methods Med Res. Jun 2018;27(6):1785-1805. [doi: 10.1177/0962280216669183] [Medline:
27683581]

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the sample size, median,
range and/or interquartile range. BMC Med Res Methodol. Dec 19, 2014;14:135. [doi: 10.1186/1471-2288-14-135]
[Medline: 25524443]

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. A basic introduction to fixed-effect and random-effects models
for meta-analysis. Res Synth Methods. Apr 2010;1(2):97-111. [doi: 10.1002/jrsm.12] [Medline: 26061376]

Borenstein M. How to understand and report heterogeneity in a meta-analysis: the difference between I-squared and
prediction intervals. Integr Med Res. Dec 2023;12(4):101014. [doi: 10.1016/].imr.2023.101014] [Medline: 38938910]
Sterne JAC, Sutton AJ, Ioannidis JPA, et al. Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ. Jul 22, 2011;343:d4002. [doi: 10.1136/bmj.d4002] [Medline:
21784880]

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating the quality of evidence—imprecision. J Clin
Epidemiol. Dec 2011;64(12):1283-1293. [doi: 10.1016/j.jclinepi.2011.01.012] [Medline: 21839614]

Maggio MG, De Cola MC, Latella D, et al. What about the role of virtual reality in Parkinson disease’s cognitive
rehabilitation? Preliminary findings from a randomized clinical trial. J Geriatr Psychiatry Neurol. Nov
2018;31(6):312-318. [doi: 10.1177/0891988718807973] [Medline: 30360679]

Yang WC, Wang HK, Wu RM, Lo CS, Lin KH. Home-based virtual reality balance training and conventional balance
training in Parkinson’s disease: a randomized controlled trial. J Formos Med Assoc. Sep 2016;115(9):734-743. [doi: 10.
1016/].jfma.2015.07.012] [Medline: 26279172]

https://games jmir.org/2026/1/e77875 JMIR Serious Games 2026 | vol. 14 1 €77875 | p. 13

(page number not for citation purposes)


https://doi.org/10.1016/j.parkreldis.2023.105970
http://www.ncbi.nlm.nih.gov/pubmed/38142630
https://doi.org/10.1007/s13760-023-02451-3
http://www.ncbi.nlm.nih.gov/pubmed/38182919
https://doi.org/10.1177/0269215517721593
https://doi.org/10.1177/0269215517721593
http://www.ncbi.nlm.nih.gov/pubmed/28745063
https://doi.org/10.1016/j.parkreldis.2017.05.011
https://doi.org/10.1016/j.parkreldis.2017.05.011
http://www.ncbi.nlm.nih.gov/pubmed/28528804
https://doi.org/10.1016/j.parkreldis.2014.09.022
http://www.ncbi.nlm.nih.gov/pubmed/25283070
https://doi.org/10.1371/journal.pone.0224819
http://www.ncbi.nlm.nih.gov/pubmed/31697777
https://doi.org/10.1007/s10072-019-04144-3
http://www.ncbi.nlm.nih.gov/pubmed/31808000
https://doi.org/10.1016/j.physio.2022.07.001
http://www.ncbi.nlm.nih.gov/pubmed/36242929
https://doi.org/10.1186/s12984-023-01219-3
http://www.ncbi.nlm.nih.gov/pubmed/37475014
https://doi.org/10.1007/s00415-021-10857-3
http://www.ncbi.nlm.nih.gov/pubmed/34713324
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1177/0962280216669183
http://www.ncbi.nlm.nih.gov/pubmed/27683581
https://doi.org/10.1186/1471-2288-14-135
http://www.ncbi.nlm.nih.gov/pubmed/25524443
https://doi.org/10.1002/jrsm.12
http://www.ncbi.nlm.nih.gov/pubmed/26061376
https://doi.org/10.1016/j.imr.2023.101014
http://www.ncbi.nlm.nih.gov/pubmed/38938910
https://doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/pubmed/21784880
https://doi.org/10.1016/j.jclinepi.2011.01.012
http://www.ncbi.nlm.nih.gov/pubmed/21839614
https://doi.org/10.1177/0891988718807973
http://www.ncbi.nlm.nih.gov/pubmed/30360679
https://doi.org/10.1016/j.jfma.2015.07.012
https://doi.org/10.1016/j.jfma.2015.07.012
http://www.ncbi.nlm.nih.gov/pubmed/26279172
https://games.jmir.org/2026/1/e77875

JMIR SERIOUS GAMES Zhang et al

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Santos P, Machado T, Santos L, Ribeiro N, Melo A. Efficacy of the Nintendo Wii combination with conventional
exercises in the rehabilitation of individuals with Parkinson’s disease: a randomized clinical trial. NeuroRehabilitation.
2019;45(2):255-263. [doi: 10.3233/NRE-192771] [Medline: 31498138]

Carpinella I, Cattaneo D, Bonora G, et al. Wearable sensor-based biofeedback training for balance and gait in Parkinson
disease: a pilot randomized controlled trial. Arch Phys Med Rehabil. Apr 2017;98(4):622-630.e3. [doi: 10.1016/j.apmr.
2016.11.003] [Medline: 27965005]

Nuvolini RA, Silva KGD, De Freitas TB, Dond F, Torriani-Pasin C, Pompeu JE. Exergame-based program and
conventional physiotherapy based on core areas of the European guideline similarly improve gait and cognition in people
with Parkinson’s disease: randomized clinical trial. Games Health J. Oct 2025;14(5):358-368. [doi: 10.1089/g4h.2024.
0116] [Medline: 40160128]

Buonocore J, Iaccino N, Torchia G, et al. Cognitive stimulation in Parkinson’s disease with mild cognitive impairment. J
Neurol. Sep 27,2025;272(10):658. [doi: 10.1007/s00415-025-13374-9] [Medline: 41015632]

Dellazizzo L, Potvin S, Luigi M, Dumais A. Evidence on virtual reality—based therapies for psychiatric disorders: meta-
review of meta-analyses. J] Med Internet Res. Aug 19, 2020;22(8):e20889. [doi: 10.2196/20889] [Medline: 32812889]
Riva G, Mancuso V, Cavedoni S, Stramba-Badiale C. Virtual reality in neurorehabilitation: a review of its effects on
multiple cognitive domains. Expert Rev Med Devices. Oct 2020;17(10):1035-1061. [doi: 10.1080/17434440.2020.
1825939] [Medline: 32962433]

Feitosa JA, Fernandes CA, Casseb RF, Castellano G. Effects of virtual reality—based motor rehabilitation: a systematic
review of fMRI studies. J Neural Eng. Jan 24,2022;19(1). [doi: 10.1088/1741-2552/ac456¢] [Medline: 34933281]

Liao YY, Tseng HY, Lin YJ, Wang CJ, Hsu WC. Using virtual reality—based training to improve cognitive function,
instrumental activities of daily living and neural efficiency in older adults with mild cognitive impairment. Eur J Phys
Rehabil Med. Feb 2020;56(1):47-57. [doi: 10.23736/S1973-9087.19.05899-4] [Medline: 31615196]

Hussain F, Farooqui S, Khan AA, Khan MU, Khan MA, Hasan A. Effects of nonimmersive virtual reality using Wii-Fit
exercises on balance and cognition in Parkinson disease: a meta-analysis. Medicine (Baltimore). Jul 26,
2024;103(30):e38940. [doi: 10.1097/MD.0000000000038940] [Medline: 39058845]

McDonnell MN, Smith AE, Mackintosh SF. Aerobic exercise to improve cognitive function in adults with neurological
disorders: a systematic review. Arch Phys Med Rehabil. Jul 2011;92(7):1044-1052. [doi: 10.1016/j.apmr.2011.01.021]
[Medline: 21704783]

Salthouse TA. Relations between cognitive abilities and measures of executive functioning. Neuropsychology. Jul
2005;19(4):532-545. [doi: 10.1037/0894-4105.19.4.532] [Medline: 16060828]

Cherniack EP. Not just fun and games: applications of virtual reality in the identification and rehabilitation of cognitive
disorders of the elderly. Disabil Rehabil Assist Technol. 2011;6(4):283-289. [doi: 10.3109/17483107.2010.542570]
[Medline: 21158520]

Shabnam GN, Th C, Kho D, HR, Ce C. Therapies for depression in Parkinson’s disease. Cochrane Database Syst Rev.
2003(3):CD003465. [doi: 10.1002/14651858.CD003465] [Medline: 12917968]

Freeman D, Reeve S, Robinson A, et al. Virtual reality in the assessment, understanding, and treatment of mental health
disorders. Psychol Med. Oct 2017;47(14):2393-2400. [doi: 10.1017/S003329171700040X] [Medline: 28325167]

Park MJ, Kim DJ, Lee U, Na EJ, Jeon HJ. A literature overview of virtual reality (VR) in treatment of psychiatric
disorders: recent advances and limitations. Front Psychiatry. 2019;10:505. [doi: 10.3389/fpsyt.2019.00505] [Medline:
31379623]

Navarro-Lozano F, Kiper P, Carmona-Pérez C, Rutkowski S, Pinero-Pinto E, Luque-Moreno C. Effects of non-
immersive virtual reality and video games on walking speed in Parkinson disease: a systematic review and meta-analysis.
J Clin Med. Nov 8, 2022;11(22):6610. [doi: 10.3390/jcm11226610] [Medline: 36431086]

Schrag A, Jahanshahi M, Quinn N. How does Parkinson’s disease affect quality of life? A comparison with quality of
life in the general population. Mov Disord. Nov 2000;15(6):1112-1118. [doi: 10.1002/1531-8257(200011)15:6<1112::
aid-mds1008>3.0.co:2-a] [Medline: 11104193]

Abbreviations

ACE-R: Addenbrooke's Cognitive Examination—Revised

GRADE: Grading of Recommendations, Assessment, Development, and Evaluation
MMSE: Mini-Mental State Examination

MoCA: Montreal Cognitive Assessment

PD: Parkinson disease

PI: prediction interval

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
QoL: quality of life

https://games jmir.org/2026/1/e77875 IJMIR Serious Games 2026 | vol. 14 1e77875 | p. 14

(page number not for citation purposes)


https://doi.org/10.3233/NRE-192771
http://www.ncbi.nlm.nih.gov/pubmed/31498138
https://doi.org/10.1016/j.apmr.2016.11.003
https://doi.org/10.1016/j.apmr.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27965005
https://doi.org/10.1089/g4h.2024.0116
https://doi.org/10.1089/g4h.2024.0116
http://www.ncbi.nlm.nih.gov/pubmed/40160128
https://doi.org/10.1007/s00415-025-13374-9
http://www.ncbi.nlm.nih.gov/pubmed/41015632
https://doi.org/10.2196/20889
http://www.ncbi.nlm.nih.gov/pubmed/32812889
https://doi.org/10.1080/17434440.2020.1825939
https://doi.org/10.1080/17434440.2020.1825939
http://www.ncbi.nlm.nih.gov/pubmed/32962433
https://doi.org/10.1088/1741-2552/ac456e
http://www.ncbi.nlm.nih.gov/pubmed/34933281
https://doi.org/10.23736/S1973-9087.19.05899-4
http://www.ncbi.nlm.nih.gov/pubmed/31615196
https://doi.org/10.1097/MD.0000000000038940
http://www.ncbi.nlm.nih.gov/pubmed/39058845
https://doi.org/10.1016/j.apmr.2011.01.021
http://www.ncbi.nlm.nih.gov/pubmed/21704783
https://doi.org/10.1037/0894-4105.19.4.532
http://www.ncbi.nlm.nih.gov/pubmed/16060828
https://doi.org/10.3109/17483107.2010.542570
http://www.ncbi.nlm.nih.gov/pubmed/21158520
https://doi.org/10.1002/14651858.CD003465
http://www.ncbi.nlm.nih.gov/pubmed/12917968
https://doi.org/10.1017/S003329171700040X
http://www.ncbi.nlm.nih.gov/pubmed/28325167
https://doi.org/10.3389/fpsyt.2019.00505
http://www.ncbi.nlm.nih.gov/pubmed/31379623
https://doi.org/10.3390/jcm11226610
http://www.ncbi.nlm.nih.gov/pubmed/36431086
https://doi.org/10.1002/1531-8257(200011)15:6<1112::aid-mds1008>3.0.co;2-a
https://doi.org/10.1002/1531-8257(200011)15:6<1112::aid-mds1008>3.0.co;2-a
http://www.ncbi.nlm.nih.gov/pubmed/11104193
https://games.jmir.org/2026/1/e77875

JMIR SERIOUS GAMES Zhang et al

RCT: randomized controlled trial
SMD: standardized mean difference
VR: virtual reality

Edited by Stefano Brini; peer-reviewed by Renshan Cui, Yuanhang Rong, Yutong Zhang; submitted 26.May.2025; final
revised version received 15.May.2026; accepted 16.May.2026, published 30.Jun.2026

Please cite as:

Zhang Y, Li X, Zhang G, Zhang H, Xia YX, Xu X, Sun T

Impact of Virtual Reality-Based Therapies on Cognition and Depression in Patients With Parkinson Disease: Systematic
Review and Meta-Analysis of Randomized Controlled Trials

JMIR Serious Games 2026;14:¢77875

URL: hitps.//games.jmir.org/2026/1/e77875

doi: 10.2196/77875

© Yun Zhang, XueLei Li, GuoLi Zhang, HaiYin Zhang, YuXin Xia, XuelJie Xu, Ting Sun. Originally published in JMIR
Serious Games (https://games.jmir.org), 30.Jun.2026. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The
complete bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright and
license information must be included.

https://games.jmir.org/2026/1/¢77875 JMIR Serious Games 2026 | vol. 14 1e77875 I p. 15
(page number not for citation purposes)


https://games.jmir.org/2026/1/e77875
https://doi.org/10.2196/77875
https://games.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://games.jmir.org
https://games.jmir.org/2026/1/e77875

	Impact of Virtual Reality–Based Therapies on Cognition and Depression in Patients With Parkinson Disease: Systematic Review and Meta-Analysis of Randomized Controlled Trials
	Introduction
	Methods
	Protocol
	Literature Search Strategy
	Inclusion Criteria
	Exclusion Criteria
	Study Selection and Data Extraction
	Risk of Bias Assessment
	Statistical Analysis
	Quality of Evidence

	Results
	Selection Process
	Study Characteristics
	Risk of Bias Assessment
	Quality of Evidence
	Results of the Meta-Analysis

	Discussion
	Principal Findings
	Limitations
	Conclusions



