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Background: The effectiveness of virtual reality (VR) technology in reducing anxiety and depression among patients with chronic
obstructive pulmonary disease (COPD) remains uncertain. This study aimed to evaluate the impact of VR-based interventions on
psychological outcomes in patients with COPD through a systematic review and meta-analysis.

Methods: A systematic search was conducted in 11 databases, including PubMed, Embase, Web of Science, the Cochrane Library, CINAHL,
PsycINFO, China National Knowledge Infrastructure (CNKI), Wanfang Database, VIP Database, the Chinese Medical Journal Full-text
Database (CMJD), and SinoMed, from database inception to February 11, 2026. Randomized controlled trials (RCTs) assessing the effects of
VR interventions on anxiety or depression in patients with COPD were included. Two reviewers independently performed study screening, data
extraction, and quality assessment, and the risk of bias was evaluated using the revised Cochrane risk-of-bias tool for randomized trials (RoB 2).
Standardized mean differences (SMDs) with 95% confidence intervals (Cls) were calculated using a random-effects model in RevMan 5.4, and
the certainty of evidence was assessed using the GRADE approach. The primary outcomes were changes in anxiety and depression symptoms.
Results: A total of 1,767 records were identified, of which 10 studies involving 673 patients with COPD met the inclusion criteria,
and 9 studies were included in the meta-analysis. Because of substantial between-study heterogeneity, a random-effects model was
used. Meta-analysis showed that, compared with control groups, VR interventions significantly reduced anxiety levels in patients with
COPD [SMD = —1.63, 95% CI (-2.49, —0.78), P = 0.0002, = 95%] and reduced depressive symptoms [SMD = —0.90, 95% CI
(—1.28, —0.53), P < 0.00001, I* = 77%)].

Conclusion: VR-based interventions show potential for improving anxiety and depressive symptoms in patients with COPD and may
serve as a valuable adjunct to conventional pulmonary rehabilitation. Nevertheless, the substantial heterogeneity observed across
studies limits the certainty of the available evidence. Consequently, the findings should be interpreted with caution, and further
rigorously designed, large-scale RCTs are needed to verify the long-term effectiveness of VR interventions and inform their optimal
clinical implementation.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous respiratory disorder characterized by persistent and
usually progressive airflow limitation resulting from airway and/or alveolar abnormalities, leading to chronic respiratory
symptoms such as dyspnea, cough, sputum production, and recurrent exacerbations.! COPD is associated with high
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prevalence, disability, and mortality, imposing a substantial economic and societal burden worldwide. As the third
leading cause of death globally, COPD affects more than 380 million people living with the disease.” Global
epidemiological studies estimate that the prevalence of COPD among individuals aged >40 years is approximately
10.3%, corresponding to nearly 391 million cases worldwide, of which more than 25% are classified as severe. The
prevalence increases markedly with advancing age.' Patients commonly experience persistent breathlessness, reduced
exercise capacity, and recurrent acute exacerbations, which substantially impair quality of life and increase healthcare
and financial burden.

As physiological function declines, mental health problems become increasingly prominent in patients with COPD.*
Psychological distress is closely associated with poorer clinical outcomes. Compared with patients without these
comorbidities, those with anxiety or depression experience more frequent acute exacerbations, higher rehospitalization
rates, and an increased risk of mortality.”’ Through both neuroimmune dysregulation and maladaptive behavioral
responses, anxiety and depression may increase healthcare utilization and all-cause mortality and serve as independent
predictors of poor prognosis.®’ The global prevalence of comorbid anxiety and depression in patients with COPD is
estimated to reach up to 40%," which is substantially higher than that observed in the general population.'®

Effective interventions are needed to address symptoms of anxiety and depression in patients with COPD. Current
clinical guidelines recommend a multimodal approach, including pharmacological treatment, cognitive behavioral
therapy, and traditional pulmonary rehabilitation (PR) combined with psychological support.”'"'* As a cornerstone of
comprehensive COPD management, PR improves exercise capacity and quality of life, relieves dyspnea, and, when
combined with psychological or behavioral strategies, has also been shown to reduce symptoms of anxiety and
depression.'”'* However, access to and completion of center-based PR are frequently limited by high costs, geographic
and logistical barriers, and low referral rates, and its psychological benefits remain modest for some patients, highlighting
the need for innovative and engaging therapeutic approaches.'* In recent years, virtual reality (VR)-based interventions
have emerged as a novel approach in the management and rehabilitation of patients with COPD. VR has increasingly
been incorporated into PR as a complementary tool and has also been applied in usual care, breathing or relaxation
training, and home-based rehabilitation.'>'

VR technology is a computer-generated interactive environment that provides users with immersive multisensory
experiences. It has been increasingly applied in medical rehabilitation, with its core function involving the simulation of
real or virtual scenarios through multimodal stimuli, including visual, auditory, and tactile feedback. Such features may
enhance patient engagement and motivation, thereby improving adherence to rehabilitation programs.'” In the rehabilita-
tion of patients with COPD, VR technology can not only deliver conventional exercise and breathing training but also
incorporate psychological interventions, such as relaxation training and mindfulness-based practices, to help alleviate
anxiety and depression. Through gamified design and scenario-based simulation, VR may strengthen psychological
support and emotional regulation, potentially reducing anxiety and depressive symptoms while simultaneously promoting
physiological recovery.

VR technology can be classified into three categories according to the level of immersion: immersive, semi-immersive,
and non-immersive systems. Among these, immersive VR is currently regarded as the most representative form.'’
Immersive VR isolates users from the real environment through head-mounted displays and integrates visual, auditory,
and kinesthetic feedback to create highly realistic multisensory experiences. It can simulate exercise environments such as
forests, beaches, or urban parks, allowing patients to perform walking, running, or upper-limb training in virtual settings,
which may improve exercise tolerance and respiratory function.'®'® In addition, immersive environments may reduce
external distractions and negative emotional triggers, thereby helping to interrupt anxiety cycles. Through social interaction
features and goal-oriented feedback, VR may enhance patients’ sense of achievement and provide potential benefits in
alleviating depressive symptoms.”° Non-immersive VR primarily relies on computer or screen-based interfaces to present
virtual environments while users remain aware of their real surroundings. Although the level of immersion is lower, it still
allows a degree of interactivity. When combined with breathing exercises, real-time feedback on respiratory rate and
patterns may help patients develop more effective breathing strategies and relieve dyspnea.?' However, limited situational
engagement and social interaction, together with environmental distractions, may restrict its psychological benefits.** In
recent years, motion-based interactive games have become an important application of VR technology, enabling physical
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participation through motion capture, and they are now widely used in PR for patients with COPD.** Common VR systems
include Kinect, Nintendo Wii, HTC Vive headsets, and the BioMaster virtual scenario training platform.24 With the
development of telemedicine, home-based rehabilitation models integrating artificial intelligence and VR have gradually
emerged. Related clinical practices have been initiated in the United States, and a non-inferiority study of remote VR PR has
been completed in the Ningxia region of China, suggesting a potential low-cost implementation pathway.'® Therefore,
a systematic evaluation of the effectiveness of VR in managing anxiety and depression among patients with COPD is of
considerable clinical importance.

To date, research on VR in patients with COPD has focused predominantly on physical outcomes, with systematic
reviews indicating that VR-assisted rehabilitation may improve exercise tolerance, relieve dyspnea, and enhance
treatment adherence and health-related quality of life.”” Beyond its physical effects, VR may also positively influence
anxiety and depression, which are common comorbidities in patients with COPD, through mechanisms such as
attentional redirection, situational exposure, and emotional regulation. However, evidence regarding these psychological
benefits remains comparatively limited and inconsistent. Several studies have reported significant improvements in

anxiety and depression following VR interventions,'®!?!-26-27

whereas others have found no significant between-
group differences in anxiety outcomes.”® Moreover, existing reviews have largely examined anxiety and depression as
secondary rather than primary endpoints, and no meta-analysis has yet specifically synthesized the psychological effects
of VR in patients with COPD.">® Differences in the level of immersion, intervention content, and comparator conditions
across studies may further contribute to these inconsistent findings and have not been systematically evaluated.
Therefore, synthesizing the available evidence through a systematic review and meta-analysis is necessary to better
evaluate the effectiveness and stability of VR-based interventions for anxiety and depression in patients with COPD.
Therefore, this study conducted a systematic review and meta-analysis to evaluate the effects of VR technology on
anxiety and depression in patients with COPD, synthesizing current evidence and quantitatively assessing the psycho-

logical outcomes reported in existing studies.

Materials and Methods

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines and prospectively registered in the International
Prospective Register of Systematic Reviews (PROSPERO) on March 11, 2025 (registration number:
CRD420251001032). Following the completion of the study selection process, only a limited number of studies meeting
the inclusion criteria were identified. Consequently, the protocol was revised on February 4, 2026, with the following
amendments: (1) the addition of disease staging and intervention setting to the data extraction items; (2) removal of the
restriction that the control group receive PR only, to allow for usual care or other comparators; and (3) an updated
literature search extended to February 11, 2026, with the addition of PsycINFO to the database list and the inclusion of
grey literature sources such as CNKI dissertations.

Literature Search

To identify relevant studies, two researchers (SC and YL) independently searched PubMed, Embase, Web of Science, the
Cochrane Library, CINAHL, PsycINFO, China National Knowledge Infrastructure (CNKI), Wanfang Database, VIP
Database, the Chinese Medical Journal Full-text Database (CMJD), and SinoMed. Studies published in English and
Chinese from database inception to February 11, 2026 were considered eligible. The search strategy included the

CEINNT3

following terms and their related variants: “virtual reality”, “VR”, “digital therapy”, “interactive videogame”, “chronic

obstructive pulmonary disease”, “chronic obstructive lung disease”, “COPD”, “anxiety”, “depression”, and “negative
emotions”. The detailed search strategy is provided in Supplementary Material. To ensure comprehensive coverage, grey

literature sources, including the World Health Organization International Clinical Trials Registry Platform (WHO
ICTRP) and CNKI dissertations, were also searched. EndNote X9 was used for literature management and duplicate
removal. Literature searching and study screening were conducted independently by two researchers according to
predefined criteria. Inter-rater agreement between the two reviewers (SC and YL) for the title and abstract screening
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was assessed using Cohen’s x coefficient. Any disagreements were resolved through discussion until consensus was
reached, or by consultation with a third reviewer (HW).

Inclusion and Exclusion Criteria
Randomized controlled trials(RCTs) minimize selection bias and control for confounding through random allocation and
are considered the gold standard for evaluating intervention efficacy. Therefore, only RCTs were included to ensure the
validity and quality of the evidence in this meta-analysis.

Studies were included according to the PICOS framework if they met the following inclusion criteria:

(1) Population (P): patients diagnosed with COPD;

(2) Intervention (I): the intervention group received VR-based training (eg, immersive or non-immersive VR,
exergaming, or interactive video games);

(3) Comparison (C): the control group received conventional PR or usual care (eg, routine pharmacological manage-
ment or health education);

(4) Outcomes (O): at least one outcome measure of anxiety or depression assessed using a validated scale;

(5) Study design (S): RCTs.

In addition, only studies published in English or Chinese were included.
The exclusion criteria were as follows:

(1) studies that did not report outcomes related to anxiety or depression in patients with COPD following VR
intervention,;

(2) irrelevant publications, conference abstracts, letters, or commentaries;

(3) studies for which the full text was unavailable;

(4) duplicate publications or studies with incomplete data; and

(5) studies with missing essential information for which the authors could not be contacted.

Data Extraction

The primary objective of this systematic review and meta-analysis was to evaluate the effects of VR interventions on
anxiety and depression in patients with COPD, with primary outcomes defined as changes in anxiety and depressive
symptoms. Two researchers independently extracted data and assessed the methodological quality of the included studies
as well as the accuracy of the extracted information. Any disagreements were resolved through discussion with a third
researcher(HW). Extracted data included the first author, publication year, country, participant characteristics (patient
source, age, disease stage, and sample size), intervention characteristics (implementation setting, control condition,
intervention group, platform, content, and frequency), and outcome assessment measures.

Quality Assessment of Included Studies

Two researchers independently assessed the risk of bias in the included studies using the revised Cochrane risk-of-bias
tool for randomized trials (RoB 2),%° in accordance with the latest recommendations of the Cochrane Handbook. The
assessment evaluated potential bias arising from the randomization process, deviations from intended interventions,
missing outcome data, outcome measurement, and selective reporting of results. Each study was categorized as having
a low risk of bias, some concerns, or a high risk of bias. The assessment results were cross-checked by the two reviewers.
Any disagreements were resolved through discussion or consultation with a third researcher.

Statistical Analysis

The primary outcomes of this systematic review and meta-analysis were the effects of VR technology on anxiety and
depression in patients with COPD. Heterogeneity among studies was evaluated using the y° test and the I? statistic.
Significant heterogeneity was considered present when P < 0.10 and I > 50%, in which case a random-effects model was

4 https: International Journal of Chronic Obstructive Pulmonary Disease 2026:21



Chen et al

applied. Pooled effect sizes with 95% confidence intervals (ClIs) were calculated, and standardized mean differences
(SMDs) were used to combine outcomes measured using different assessment scales. Effect sizes were calculated based
on the differences in outcome measures between the intervention and control groups at the end of the trials. An SMD >
0.8 was interpreted as a large effect, 0.5-0.79 as a moderate effect, and 0.2-0.49 as a weak effect.’® Meta-analysis was
performed using RevMan 5.4 software. All statistical tests were two-sided, and P < 0.05 was considered statistically
significant. Sensitivity analyses were conducted to assess the robustness of the results. The certainty of the evidence was
assessed using GRADE. Subgroup analyses were conducted to explore potential sources of clinical heterogeneity
according to VR immersion type (immersive vs non-immersive), control-group type (PR vs usual care or health
education), intervention content (exercise-based, breathing/relaxation-based, or mixed), and study region (China vs non-
China). These subgroup variables were selected a priori based on clinical relevance and plausible mechanisms that might
influence intervention effectiveness. Subgroup analyses were performed only when at least two studies were available
within each subgroup. Differences between subgroups were assessed using the test for subgroup interaction. Given the
limited number of included studies and the absence of adjustment for multiple comparisons, all subgroup findings were
considered exploratory and interpreted with caution.

Results

Search Results

A total of 1,767 records were identified through searches across 11 databases (Figure 1). After removing duplicates and
screening titles and abstracts, 1,734 records were excluded for not meeting the study objectives, leaving 33 articles for
full-text assessment. The inter-rater agreement for title and abstract screening yielded a Cohen’s x value of 0.88.
Following full-text review, 23 articles were excluded for the following reasons: 2 did not meet the study design criteria,
4 did not meet the study type criteria, 6 did not involve VR interventions, 9 were unavailable in full text, and 2 had
inaccessible data. Ultimately, 10 studies were included in this review. Among the 10 included studies, 6 were conducted
in China and 4 were conducted in other countries. One study demonstrated a skewed distribution of post-intervention
data and was therefore included only in the systematic review, whereas data from the remaining 9 studies were included
in the meta-analysis.

Study Characteristics

The basic characteristics of the included studies are summarized in Table 1. A total of 10 studies,'®:!?-?!:23:26-28,31-33
involving 673 patients with COPD, were included in this review. Extracted data included the first author,
publication year, country, participant age, intervention setting, disease stage, sample size, study design, intervention
characteristics, and outcome measures. All studies were published between 2014 and 2025. Geographically, the included
studies were conducted in four countries: China (n = 6), Turkey (n = 2), Poland (n = 1), and Italy (n = 1) (Figure 2).

According to intervention format, five studies employed immersive VR technology,'®!?-7-3%-33

21,23,26,28,31

whereas the remaining
five used non-immersive VR technology. Nine studies evaluated the effects of VR on anxiety
outcomes.'®19-2123:26-2831.33 Among these, five studies assessed anxiety using the Hospital Anxiety and Depression
Scale (HADS),'®19-23:2631 wwhile the others used the HADS-anxiety subscale (HADS-A),” the Self-Rating Anxiety Scale
(SAS),?! the State-Trait Anxiety Inventory (STAI),*® and the COPD Quality of Life Scale (COPD-QOL).>* In addition,

18,19.21.23.26.28.31-33 M ost studies used HADS to assess deplression,lg’w’23 26,31

nine studies reported depression outcomes.
whereas the remaining studies applied the Self-Rating Depression Scale (SDS),?' the Beck Depression Inventory

(BDI),?® the Hamilton Depression Rating Scale (HAMD-17),** and the COPD-QOL.*

Quality Assessment
The methodological quality of the included studies was assessed using the RoB 2. The results of the risk-of-bias
assessment are presented in Table 2 and are further illustrated in the risk of bias summary (Figure 3) and risk of bias
traffic light plot (Figure 4).
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E analysis (n = 9)

Figure | PRISMA flowchart of study selection.

Overall, the included studies demonstrated acceptable methodological quality. All studies were rated as having a low
risk of bias for missing outcome data and selection of reported results. Most studies were also judged as having a low risk
of bias in the domains of the randomization process and deviations from intended interventions, although some concerns

were identified in a minority of studies. The domain of outcome measurement showed the greatest risk of bias, with four
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Table | Characteristics of All Studies Included

First Author Year Country Age Study Setting Disease Severity Sample Size
Control Group VR Group Control Group VR Group
Feng, B.2' 2021 China 68.1+5.5 69.5+6.0 Hospital-based Stable COPD 62 62
Geng, M.%¢ 2020 China 68.52+5.76 68.66+6.41 Home-based Stable COPD 19 21
Simsekli, D.¥ | 2025 Turkey 70.45+6.55 67.67+8.44 Home-based Stable COPD 24 24
Rutkowski, S.'® | 2021 Poland 67.619.4 64.45.7 Hospital-based Stable COPD 25 25
Mazzoleni, S.*® | 2014 Italy 73.5%9.2 68.9%11.0 Rehabilitation center—based | Stable COPD 20 20
Kizmaz, E."? 2024 Turkey 64.24+6.74 62.64+6.76 Hospital-based Acute exacerbation of 25 25
COPD (AECOPD)
Jin, X.B 2021 China 74.00£10.01 73.9748.69 Combined hospital and AECOPD 35 34
home
Fang, H.3' 2021 China 69.208.60 70.10£9.20 Home-based Stable COPD 32 30
Yan, Y32 2025 China 63.77+5.83 66.14+6.01 Hospital-based Stable COPD 35 35
Xiong, X.** 2025 China 58.27+2.55 57.63+2.37 Hospital-based AECOPD 58 62
First Author Methods Interventions Outcome Measures
Control Group VR Group Platform Content Frequency
Feng, B.2' Usual care Routine care + Bio | Bio Master Virtual Upper limb training: Household Once daily, 5-15 min/session SAS, SDS
(pharmacotherapy and Master Virtual Scenario Interactive activities or simulated kitchen tasks;
health education) Scenario Rehabilitation System Lower limb training: Simulated

Interactive cycling or exercise pedal movements

Rehabilitation

System training +

Combination

Breathing

Exercises

(Continued)
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Table | (Continued).

Geng, M.%¢ Usual health education Usual health Xiaoba wang G80 motion- | “Kitchen Knife”, “Ping-Pong 30 min/session, 5 sessions/week, HADS
with COPD rehabilitation education + 8- sensing interactive game Master”, “Boxing” for 8 weeks
booklet week home-based | console
interactive
exercise games
Simsekli, D~ Usual care Watching 3D Oculus Quest 2 glass 24 pouting and diaphragmatic 20 min/session, 3 sessions/week, HADS-A
training videos breathing exercises for 8 weeks
recorded by
researchers
through VR
goggles and
practicing
Rutkowski, S.'® | Conventional PR + Schultz | Conventional PR + | VR Tier One device Virtual therapeutic garden + 20 min/session, 5 sessions/week, HADS
autogenic training VR relaxation Ericksonian psychotherapy for 2 weeks
training approach. The garden transforms
from cluttered and gray to vibrant
and colorful.
Mazzoleni, 528 Supervised PRP PRP + sessions of Wii Fit Plus Engage in activities with a virtual | h/session, 7 sessions/week, for STAI, BDI
interactive trainer on the Wii Balance Board: I week
videogame-aided yoga, jogging, twists, and squats.
exercises
Kizmaz, E." Conventional PR with VR + PR Oculus Quest 2 All-in-One | Experience a cycling simulation. Once daily, 5 days/week, until HADS
bedside cycle ergometer VR Images of biking through forests discharge
training captured using 360-degree cameras
in the real world.
Jin, X2 Usual care (oxygen therapy, | Usual care + Xiaoba wang motion- “Kitchen Knife”, “Swimming Initiated within 48 h of admission; | HADS

medication, positioning,

and breathing exercises)

interactive physical

exercise games

sensing interactive device

Master”, “Ping-Pong Master”

20 min/session, once daily, 5 days/

week, for 6 weeks

[e 39 usy>D
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Fang, H.3!

Standard post-hospital
rehabilitation education

guidance

Standard post-
hospital
rehabilitation
education
guidance + home-
based motion-

sensing games

Nintendo Wii console

Select 3 to 4 activities to freely
combine: running, boxing, core
twists, squats, and various ball

games.

15-30 min/session, twice daily, 4
days/week, for 12 weeks

Yan, Y.32

Conventional treatment +

Bufei Jieyu decoction

Conventional
treatment + Bufei
Jieyu decoction +
VR technology

VR biofeedback integrated
system

Communicate to ease the patient’s
anxiety, select a VR scene from the
library, and guide them into a semi-
reclining or supine position before

fitting the headset.

3 sessions/week for 12 weeks

Xiong, X33

PR education and guidance

PR education and
guidance +
Immersive VR
technology for PR
health education

HTC Vive head-mounted
display system

Conduct VR breathing exercises and
virtual workouts in phases, gradually
increasing intensity while
incorporating strength training and
real-life scenario practice.

30 min/session, 3 sessions/week,
for 2 weeks

HADS
HAMD-17
COPD-QOL

Abbreviations: VR, virtual reality; COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of COPD; PR, pulmonary rehabilitation; PRP, pulmonary rehabilitation program; SAS, Self-Rating Anxiety Scale; SDS, Self-
Rating Depression Scale; HADS, Hospital Anxiety and Depression Scale; HADS-A, HADS-anxiety subscale; STAI, State-Trait Anxiety Inventory; BDI, Beck Depression Inventory; HAMD-17, Hamilton Depression Rating Scale; COPD-

QOL, COPD Quality of Life Scale.
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Number of included studies

China

Turkey

Poland

Italy

Country

Figure 2 Geographic distribution of the included studies by country.

studies rated as having some concerns and one study rated as high risk. Overall, three studies were judged as having
a low risk of bias, six as having some concerns, and one as having a high risk of bias.

The quality of evidence for the included outcomes was assessed using the GRADE approach, and the results are
presented in Table 3.

Results of Systematic Review and Meta-Analysis
Anxiety
Figure 5 presents the meta-analysis results of VR interventions on anxiety outcomes in patients with COPD. A total of

18,19,21,23,26-28,31,33

nine studies assessed anxiety outcomes, of which eight were included in the meta-analysis. The pooled

Table 2 Methodological Quality Assessment of the Included Studies Based on the Cochrane Risk of Bias Tool

Domain Feng, B.2' Geng, M.2¢ Simsekli, D> Rutkowski, S.'® Mazzoleni, S.2% Kizmaz, E."?
Selection bias Randomization process Low Low Low Low Low Low
Performance bias Deviations from intended Low Low Low Low Some concerns Some concerns
interventions
Detection bias Missing outcome data Low Low Low Low Low Low
Attrition bias Measurement of the outcome Some concerns Some concerns Low Low High Low
Reporting bias Selection of the reported result Low Low Low Low Low Low
Overall bias Some concerns Some concerns Low Low High Some concerns
Domain Jin, X.2 Fang, H.3>' Yan, Y.*2 Xiong, X.*
Selection bias Randomization process Low Low Some concerns Some concerns
Performance bias Deviations from intended Some concerns Low Low Low
interventions
Detection bias Missing outcome data Low Low Low Low
Attrition bias Measurement of the outcome Low Low Some concerns Some concerns
Reporting bias Selection of the reported result Low Low Low Low
Overall bias Some concerns Low Some concerns Some concerns

Notes: Low, low risk of bias; High, high risk of bias. The assessment was based on the revised Cochrane risk-of-bias tool for randomized trials (RoB 2).
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Bias arising from the randomization process
Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

25% 50% 75% 100%

N
®

| B cowrisk ] someconcems [l High risk |

Figure 3 Risk-of-bias summary of the included studies assessed using the RoB 2.
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Figure 4 Risk-of-bias traffic light plot of the included studies assessed using the RoB 2.

analysis showed that VR intervention significantly reduced anxiety levels compared with the control group [SMD =
~1.63, 95% CI (—2.49, —0.78), P = 0.0002]. Given the substantial heterogeneity among studies (I* = 95%), a random-
effects model was applied. Among the five studies using the HADS,'®!%23-2631 the study by Geng et al*® was excluded
from the meta-analysis because of a skewed post-intervention data distribution and was included only in the systematic
review. That study reported significantly lower anxiety scores after intervention compared with both baseline and the
control group (P < 0.05). Meta-analysis of the remaining four studies showed significant heterogeneity (I* = 86%, P <

0.0001). The random-effects model indicated that VR intervention significantly reduced anxiety [SMD = —0.79, 95% CI
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Table 3 GRADE Evaluation Results

Certainty Assessment No. of Effect Certainty | Importance
Patients

No. of Study Risk of | Inconsistency | Indirectness | Imprecision Other VR | Control Relative Absolute

studies design bias considerations (95% CI) (95% CI)

Anxiety

8 Randomised | Serious® Very serious® Not serious Not serious None 282 281 - SMD: —1.63 Very low™® Critical
trials (—2.49, -0.78)

Depression

8 Randomised Serious® Serious® Not serious Not serious None 293 292 - SMD: -0.90 Low™® Critical
trials (-1.28, -0.53)

Notes: *There was a risk of bias in outcome measurement; °I> > 50%; “There was a risk of bias related to the randomization process and outcome measurement.
Abbreviations: Cl, confidence interval; SMD, standardised mean difference.
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VR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random. 95% CI
Fang, H. 2021 6.35 2.76 30 13.86 4.42 32 127% -2.00 [-2.61, -1.38] il
Feng, B. 2021 2413 6.12 62 36.07 543 62 13.2% -2.05[-2.49, -1.61] -
Jin, X. 2021 465 1.82 34 6.09 249 35 13.0% -0.65 [-1.14, -0.17] |
Kizmaz, E. 2024 1.84 2 25 3.04 31 25 12.9% -0.45[-1.01, 0.11] s
Mazzoleni, S. 2014 39.7 11.2 20 412 97 20 12.7% -0.14 [-0.76, 0.48] T
Rutkowski, S. 2021 824 35 25 8.6 287 25 12.9% -0.11 [-0.67, 0.44] T
Simsekli, D. 2025 4.7 1.57 24 1712 2.02 24 9.5% -6.75[-8.27,-5.23] — —
Xiong, X. 2025 13.63 2.16 62 17.81 1.53 58 13.1% -2.21[-2.66, -1.75] o
Total (95% CI) 282 281 100.0% -1.63 [-2.49, -0.78] <>

Heterogeneity: Tau? = 1.40; Chi? = 127.53, df = 7 (P < 0.00001); I* = 95% :

Test for overall effect: Z = 3.74 (P = 0.0002) F;ourfwmo Fav furs [gomm”

Figure 5 Forest plot of the effects of VR interventions on anxiety in patients with COPD.

(—1.54, —0.04), P=0.04]. The remaining studies used different assessment instruments. Studies employing the HADS-A?’

1?® demon-

and the SAS?' reported significant pre—post improvements following intervention. The study using the STA
strated only slight improvement in state anxiety in the control group, with no improvement observed in the intervention
group. The study using the COPD-QOL* also reported lower anxiety scores in the VR group compared with both pre-

intervention levels and the control group.

Depression
Figure 6 presents the meta-analysis results of VR interventions on depressive outcomes in patients with COPD. A total of

nine studies assessed depressive outcomes,'®!?-21-23:26:28.31-33

of which eight were included in the meta-analysis. The
pooled analysis showed that VR intervention significantly reduced depression levels compared with the control group
[SMD = —0.90, 95% CI (—1.28, —0.53), P<0.00001]. Moderate to high heterogeneity was observed among studies (I* =
77%); therefore, a random-effects model was applied. Among the five studies using the HADS,'®'%-%32%31 the study by
Geng et al’® was excluded from the meta-analysis because of a skewed post-intervention data distribution and was
included only in the systematic review. That study reported significantly lower depression scores after intervention
compared with both baseline and the control group (P<0.05). Meta-analysis of the remaining four studies continued to
show heterogeneity (I°=76%, P = 0.005). The random-effects model indicated that VR intervention significantly reduced
depressive symptoms [SMD=-0.79, 95% CI (—1.35, —0.23), P=0.006]. The remaining studies used different assessment
instruments. The study using the SDS®' reported significant reductions in depressive symptoms after intervention. The
study using the BDI*® demonstrated improvement in both groups, although between-group differences were not
statistically significant. Studies employing the HAMD-17"* and the COPD-QOL?* both reported lower depression scores
in the VR group compared with pre-intervention levels and the control group.

VR Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random. 95% CI
Fang, H. 2021 7.26 3.86 30 14.03 4.16 32 11.7% -1.66 [-2.25, -1.08] .
Feng, B. 2021 26.28 4.19 62 31.47 5.07 62 14.0% -1.11 [-1.49, -0.73]
Jin, X. 2021 3.94 2.05 34 546 3.39 35 12.9% -0.53 [-1.02, -0.05] FsN=
Kizmaz, E. 2024 3.24 3.12 25 58 4.1 25 11.8% -0.69 [-1.26, -0.12] e -
Mazzoleni, S. 2014 5.9 3 20 7 55 20 11.2% -0.24 [-0.87, 0.38] — %
Rutkowski, S. 2021 6.04 3.21 25 7.08 3.56 25 12.0% -0.30 [-0.86, 0.26] - & |
Xiong, X. 2025 13.85 1.66 62 16.95 2.07 58 13.6% -1.65 [-2.06, -1.23] B
Yan, Y. 2025 9.28 2.73 35 11.7 2.59 35 12.7% -0.90 [-1.39, -0.41] e
Total (95% CI) 293 292 100.0% -0.90 [-1.28, -0.53] ‘

Heterogeneity: Tau? = 0.22; Chi? = 31.04, df = 7 (P < 0.0001); I? = 77% .

Test for overall effect: Z = 4.75 (P < 0.00001) " Fa\;lurs [VR]OFavours }Comro” e

Figure 6 Forest plot of the effects of VR interventions on depression in patients with COPD.
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Subgroup Analysis

Subgroup Analysis Based on VR Modality (Immersive vs Non-Immersive VR) for Anxiety Outcomes

Figure 7 presents a subgroup analysis comparing the effects of immersive versus non-immersive VR on anxiety levels in
patients with COPD. Overall, VR intervention, combining immersive and non-immersive formats, significantly reduced
anxiety [SMD=-1.63, 95% CI (—2.49, —0.78), P=0.0002, I* =95%]. Subgroup analysis suggested a trend toward greater
efficacy for immersive VR [SMD = —2.21, 95% CI (—3.94, —0.49), P=0.01, I’=97%] compared with non-immersive VR
[SMD = —1.22, 95% CI (-2.14, —0.29), P=0.01, I’=92%]. Although the pooled effect estimate appeared larger for
immersive VR than for non-immersive VR, the between-subgroup difference was not statistically significant (P = 0.32).

Subgroup Analysis Based on VR Modality (Immersive vs Non-Immersive VR) for Depression Outcomes
Figure 8 presents a subgroup analysis comparing the effects of immersive versus non-immersive VR on depressive status
in patients with COPD. Overall, VR intervention combining immersive and non-immersive approaches significantly

VR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean _SD_Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.1.1 Immersive VR
Kizmaz, E. 2024 1.84 2 25 304 31 25 129% -0.45[1.01,0.11)] Rl
Rutkowski, S. 2021 824 35 25 86 287 25 12.9% -0.11 [-0.67, 0.44] T I
Simgekli, D. 2025 47 157 24 1712 202 24 95% -6.75[-8.27,-5.23) = 3
Xiong, X. 2025 1363 216 62 17.81 1.53 58 131% -2.21 [-2.66,-1.75) ol
Subtotal (95% Cl) 136 132 48.4% -2.21[-3.94,-0.49] R ol

Heterogeneity: Tau®= 2.91; Chi*= 90.99, df= 3 (P < 0.00001); F=97%
Test for overall effect: Z=2.52 (P=0.01)

2.1.2 Non-immersive VR

Fang, H. 2021 6.35 2.76 30 1386 4.42 32 127% -2.00 [-2.61,-1.38] T

Feng, B. 2021 2413 612 62 36.07 543 62 13.2% -2.05[-2.49,-1.61] e

Jin, X 2021 465 1.82 34 6.09 249 35 13.0% -0.65[1.14,-0.17] e
Mazzoleni, S. 2014 39.7 11.2 20 #1.2 97 20 12.7% -0.14 [-0.76, 0.48] b I
Subtotal (95% ClI) 146 149 51.6% -1.22[-2.14,-0.29] -
Heterogeneity: Tau®= 0.82; Chi*= 36.54, df= 3 (P < 0.00001); F=92%

Test for overall effect: Z= 2.57 (P = 0.01)

Total (95% Cl) 282 281 100.0% -1.63[-2.49, -0.78] >

2 0 2 4
Favours [VR] Favours [control]

Heterogeneity: Tau®=1.40; Chi*=127.53, df= 7 (P < 0.00001); F= 95%
Test for overall effect: Z= 3.74 (P = 0.0002)
Test for subgroup differences: Chi*=1.00, df=1 (P =0.32), F= 0%

";-.

Figure 7 Forest plot of subgroup analysis comparing immersive and non-immersive VR interventions on anxiety in patients with COPD.

VR Control Std. Mean Difference Std. Mean Difference
Study or Subgrou| Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Immersive VR
Kizmaz, E. 2024 3.24 312 25 58 41 25 11.8% -0.69 [-1.26,-0.12)
Rutkowski, S. 2021 6.04 321 25 7.08 356 25 12.0% -0.30 [-0.86, 0.26) =
Xiong, X. 2025 13.85 1.66 62 1695 207 58 13.6% -1.65[-2.06,-1.23)
Yan,Y. 2025 928 273 3% 117 259 35 12.7% -0.90[-1.39,-0.41)
Subtotal (95% Cl) 147 143 50.2% -0.91[-1.50, -0.31]

Heterogeneity: Tau®= 0.30; Chi*= 16.60, df= 3 (P = 0.0009), F=82%
Test for overall effect: Z=2.99 (P = 0.003)

2.2.2 Non-immersive VR

Fang, H. 2021 7.26 3.86 30 14.03 416 32 11.7% -1.66 [-2.25,-1.08]
Feng, B. 2021 26.28 419 62 31.47 507 62 14.0% -1.11[-1.49,-0.73)
Jin, X 2021 394 205 34 546 339 35 129% -0.53 [-1.02,-0.09)
Mazzoleni, S. 2014 59 3 20 7 55 20 11.2% -0.24 [-0.87,0.38) [ =
Subtotal (95% Cl) 146 149  49.8% -0.89 [-1.44,-0.34]

Heterogeneity: Tau®*= 0.25; Chi*=14.22, df= 3 (P = 0.003); F=79%
Test for overall effect. Z=3.19 (P = 0.001)

NIRs

Total (95% CI) 293 292 100.0%  -0.90[-1.28,-0.53]
Heterogeneity: Tau®= 0.22; Chi*= 31.04, df= 7 (P < 0.0001); F=77% Y g 3 3
Test for overall effect: Z= 4.75 (P < 0.00001)

Testfor subgroup differences: Chi= 0.00, df= 1 (P = 0.98), F= 0% i it bl

(RS

Figure 8 Forest plot of subgroup analysis comparing immersive and non-immersive VR interventions on depression in patients with COPD.
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reduced depressive symptoms [SMD = —0.90, 95% CI (—1.28, —0.53), P < 0.00001, I*> = 77%]. Subgroup analysis
suggested that immersive VR showed significant benefits compared with the control group [SMD = —0.91,95% CI
(—1.50,-0.31), P = 0.003], although high between-study heterogeneity was observed (I* = 82%). Non-immersive VR also
significantly improved depressive symptoms [SMD=-0.89, 95% CI (—1.44,-0.34), P=0.001], with substantial hetero-
geneity (I’=79%). No statistically significant difference was found between immersive and non-immersive VR (P =
0.98), indicating that VR interventions with different levels of immersion showed comparable efficacy in alleviating
depressive symptoms in patients with COPD.

Subgroup Analysis Based on Control Group Type for Anxiety Outcomes

Figure 9 shows the subgroup analysis examining the influence of control group settings on anxiety outcomes in patients
with COPD. In studies in which the control group received conventional PR, no statistically significant difference in
anxiety improvement was observed between the VR and control groups [SMD = —0.74, 95% CI (—1.82, 0.34), P=0.18],
and considerable heterogeneity was identified (I> = 94%). In contrast, when the control group received only routine care
or health education, VR produced a significant and large improvement in anxiety symptoms [SMD=-2.64, 95% CI
(—4.05, —1.23), P=0.0002], although substantial heterogeneity remained (I*> = 95%). The subgroup comparison was
statistically significant (P = 0.04), indicating that differences in control group design may represent an important source
of heterogeneity across studies.

Subgroup Analysis Based on Intervention Content for Anxiety Outcomes

Figure 10 shows a subgroup analysis examining the influence of intervention content (exercise-based, breathing or
relaxation training-based, and mixed interventions) on anxiety outcomes in patients with COPD. Exercise-based
VR interventions demonstrated significantly greater improvement in anxiety symptoms compared with the control
group [SMD = —0.81, 95% CI (—1.55, —0.06), P = 0.03], although substantial heterogeneity was observed (> =
85%). For breathing or relaxation training-based interventions, the pooled effect size was large but did not reach
statistical significance [SMD = —3.39, 95% CI (-9.90, 3.12), P = 0.31], with considerable heterogeneity (I> =
98%). Mixed interventions combining exercise with breathing or relaxation training showed significant improve-
ments in anxiety symptoms with large effect sizes [SMD=-2.13, 95% CI (-2.44, —1.81), P<0.00001] and no
detected heterogeneity (I = 0%). The subgroup comparison indicated significant differences among intervention
types (P = 0.005), suggesting that intervention content may represent an important source of heterogeneity, with
the combined intervention model demonstrating the most consistent and pronounced effects.

VR Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
12.1.1 Conventional PR
Kizmaz, E. 2024 1.84 2 25 304 31 25 12.9% -0.45[-1.01,011] =
Mazzoleni, S. 2014 39.7 11.2 20 #12 97 20 12.7% -0.14 [-0.76, 0.48] T,
Rutkowski, 5. 2021 824 35 25 86 287 25 12.9% -0.11 [[0.67, 0.44] . 7
Xiong, X. 2025 1363 216 62 1781 153 58 131% -2.21 [-2.66,-1.75) ¥
Subtotal (95% Cl) 132 128 51.6% -0.74 [-1.82, 0.34] -

Heterogeneity: Tau®*=1.14; Chi*= 47.35, df= 3 (P < 0.00001); F= 94%
Test for overall effect Z=1.34 (P=0.18)

12.1.2 Routine care or health education

Fang, H. 2021 635 276 30 13.86 442 32 127%  -2.00[2.61,-1.38] e
Feng, B. 2021 2413 612 62 36.07 543 62 132%  -2.05[-2.49,-1.61) o
Jin, X. 2021 465 182 34 6.09 249 35 130%  -0.65[1.14,-0.17] e
Simgekli, D. 2025 47 157 24 1712 202 24 95%  -6.75[-8.27,-5.23) T

Subtotal (95% Cl) 150 153 484%  -2.64[-4.05,-1.23] -

Heterogeneity: Tau®=1.89; Chi*= 63.79, df= 3 (P < 0.00001); F= 95%
Test for overall effect: Z= 3.67 (P = 0.0002)

Total (95% CI) 282 281 100.0%  -1.63[-2.49,-0.78] <>
Heterogeneity: Tau?= 1.40; Chi*= 127.53, df = 7 (P < 0.00001); F= 95% T 0 5 4
Test for overall effect: Z= 3.74 (P = 0.0002) a

Test for subgroup differences: Chi*=4.41, df=1 (P=0.04), F=77.3%

Favours [VR] Favours [control]

Figure 9 Forest plot of subgroup analysis based on control group type for anxiety outcomes in patients with COPD.
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VR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean _ SD _Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
14.1.1 Exercise-based
Fang, H. 2021 6.35 2.76 30 1386 442 32 12.7% -2.00[-2.61,-1.38) s
Jin, X 2021 465 1.82 34 609 249 35 13.0% -0.65[-1.14,-017) Pl
Kizmaz, E. 2024 1.84 2 25 304 31 25 129% -0.45[-1.01,0.11) o]
Mazzoleni, S. 2014 39.7 11.2 20 #12 97 20 12.7% -0.14 [-0.76, 0.48] 2T
Subtotal (95% Cl) 109 112 51.3% -0.81[-1.55, -0.06] L 4

Heterogeneity: Tau®= 0.48; Chi*= 20.64, df= 3 (P = 0.0001); F=85%
Test for overall effect: Z=2.12 (P = 0.03)

14.1.2 Breathing or relaxation training-based

Rutkowski, S. 2021 8.24 35 25 8.6 287 25 129% -0.11 [-0.67, 0.44] = B
Simgekli, D. 2025 47 157 24 1712 202 24 95% -6.75[-8.27,-5.23] DL
Subtotal (95% ClI) 49 49 22.4% -3.39[-9.90, 3.12] | e RR—

Heterogeneity: Tau*= 21.72; Chi*= 64.79, df=1 (P < 0.00001); F= 98%
Test for overall effect. Z=1.02 (P=0.31)

14.1.3 Mixed interventions

Feng, B. 2021 2413 612 62 36.07 543 62 13.2% -2.05[-2.49,-1.61) -
Xiong, X. 2025 1363 216 62 17.81 153 58 131% -2.21 [-2.66,-1.75) -

Subtotal (95% CI) 124 120 26.3%  -2.13[-2.44,-1.81] ]

Heterogeneity: Tau®= 0.00; Chi*=0.23, df=1 (P = 0.63), F=0%

Test for overall effect: Z=13.19 (P < 0.00001)

Total (95% Cl) 282 281 100.0%  -1.63[-2.49,-0.78] <

Heterogeneity: Tau®= 1.40; Chi*= 127.53, df= 7 (P < 0.00001); F= 95% _140 5 5 5 1’0

Test for overall effect. Z= 3.74 (P = 0.0002)

F Rl F |
Test for subgroup differences: Chi*= 10.43, df = 2 (P = 0.005), = 80.8% SRl FagHonril

Figure 10 Forest plot of subgroup analysis based on intervention content for anxiety outcomes in patients with COPD.

Subgroup Analysis Based on Study Region for Depression Outcomes

Figure 11 shows a subgroup analysis evaluating regional differences (China versus non-China) in the effects of VR on
depressive status among patients with COPD. In studies conducted in China, VR demonstrated significantly greater improve-
ment in depressive symptoms compared with control interventions [SMD = —1.17, 95% CI (—1.58, —0.76), P<0.00001],
although substantial heterogeneity was observed (I* = 75%). In non-China studies, VR interventions also significantly improved

VR Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.2.1 China
Fang, H. 2021 7.26 3.86 30 14.03 416 32 11.7% -1.66 [-2.25,-1.08]
Feng, B. 2021 26.28 419 62 31.47 507 62 14.0% -1.11 [-1.49,-0.73] o A
Jin, X 2021 394 205 34 546 339 35 129% -0.53 [-1.02,-0.05) -
Xiong, X. 2025 13.85 1.66 62 16.95 2.07 58 13.6% -1.65[-2.06,-1.23] 5 Eoow
Yan,Y. 2025 928 273 35 1.7 259 35 127% -0.90 [-1.39,-0.41] P
Subtotal (95% CI) 223 222 64.9%  -1.17[-1.58,-0.76] -

Heterogeneity: Tau*= 0.16; Chi*=15.79, df= 4 (P = 0.003); F=75%
Test for overall effect: Z= 5.56 (P < 0.00001)

6.2.2 Non-China

Kizmaz, E. 2024 324 312 25 58 441 25 11.8% -0.69[-1.26,-0.12] TE
Mazzoleni, S. 2014 59 3 20 7 55 20 11.2% -0.24 [-0.87,0.38] = #of =
Rutkowski, S. 2021 6.04 3.21 25 708 356 25 120% -0.30 [-0.86, 0.26) I
Subtotal (95% CI) 70 70 35.1% -0.42[-0.76, -0.08] >

Heterogeneity: Tau*= 0.00; Chi*=1.35,df=2 (P=0.51); F=0%
Test for overall effect: Z= 2.45 (P = 0.01)

Total (95% CI) 293 292 100.0%  -0.90[-1.28,-0.53] -
Heterogeneity: Tau®= 0.22; Chi*= 31.04, df= 7 (P < 0.0001); F=77% ?2 =1 5 1’ é
Test for overall effect. Z= 4.75 (P < 0.00001)

F Rl F |
Test for subgroup differences: Chi*= 7.60, df= 1 (P = 0.006), F = 86.8% svoUrsiihl. Reypursiiconmiol

Figure |1 Forest plot of subgroup analysis based on study region for depression outcomes in patients with COPD.
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Table 4 Subgroup Analyses of the Effects of VR—Based Interventions on Anxiety and Depression in Patients with COPD

Subgroup Anxiety Depression

SMD (95% CI) P* 12 (%) | P SMD (95% CI) P* 12 (%) | P
VR type
Immersive VR —2.21 (-3.94, —0.49) 0.01 97 0.32 | —0.91 (-1.50, —0.31) 0.003 82 0.98
Non-immersive VR —1.22 (-2.14, —0.29) 0.01 92 —0.89 (—1.44, —0.34) 0.001 79
Study region
China —1.73 (—2.45, —1.00) | <0.00001 88 094 | —1.17 (-1.58, -0.76) | <0.00001 75 0.006
Non-Chinese —1.66 (—3.30, —0.02) 0.05 96 —0.42 (—0.76, —0.08) 0.01 0
Control group type
Routine PR —0.74 (—1.82, 0.34) 0.18 94 0.04 | —0.74 (—1.46, —0.02) 0.04 86 0.49
Routine care or health education —2.64 (—4.05, —1.23) | 0.0002 95 —1.03 (—1.45, —0.62) | <0.00001 67
Intervention content
Exercise-based —0.81 (—1.55, —0.06) 0.03 85 0.005 | —0.78 (—1.36, —0.20) 0.008 77 0.13
Breathing or relaxation training-based | —3.39 (-9.90, 3.12) 0.31 98 —0.62 (—1.20, —0.03) 0.04 60
Mixed interventions —2.13 (—2.44, -1.81) | <0.00001 0 —1.37 (-1.90, —0.84) | <0.00001 72

Abbreviations: SMD, standardized mean difference; Cl, confidence interval; P*, P value for overall effect (Z test); P**, P value for subgroup differences (interaction test); PR,
pulmonary rehabilitation.

depressive symptoms [SMD = —0.42, 95% CI (—0.76, —0.08), P = 0.01], with no evident heterogeneity (I = 0%). Subgroup
comparison indicated significant differences in effect sizes between regions (P = 0.006), suggesting that study region may
represent an important source of heterogeneity. Overall, studies conducted in China showed relatively larger intervention effects.

Overall Results of Subgroup Analyses for Anxiety and Depression Outcomes

To facilitate comparison across outcomes, the main findings of the subgroup analyses are summarized in Table 4. In the
forest plot, estimates located to the left of the line of no effect favor the VR group, whereas those to the right favor the
control group.

Sensitivity Analysis and Publication Bias

Given the high heterogeneity (I* > 50%) observed in the pooled analyses of both anxiety and depression outcomes,
sensitivity analyses were performed using a stepwise exclusion approach to explore potential sources of heterogeneity.
For anxiety outcomes, the direction of the pooled effect size remained unchanged after sequential exclusion of individual
studies, indicating overall robustness of the findings. Exclusion of the study by Simsekli et al resulted in relatively large
changes in both heterogeneity and effect size (I* = 92%, P < 0.00001), with a pooled estimate of [SMD = —1.10, 95% CI
(—1.81, —0.38), P = 0.003], suggesting that this study may have substantially influenced the overall results. Sensitivity
analysis for depressive outcomes showed consistent findings, with the overall effect direction remaining stable after
sequential exclusion. When the study by Xiong et al was removed, heterogeneity decreased markedly (I* = 68%, P =
0.005), yielding a pooled effect size of [SMD = —0.79, 95% CI (-1.13, —0.45), P < 0.00001], indicating that this study
may represent a potential source of heterogeneity. According to methodological recommendations for meta-analyses,
funnel plots are generally used to assess publication bias when at least 10 studies are included.’® As fewer than 10 studies
were available for each outcome in the present meta-analysis, funnel plot analysis was not conducted.

Discussion

This systematic review and meta-analysis suggests that VR-based interventions may reduce symptoms of anxiety and
depression in patients with COPD compared with conventional PR or standard care. Subgroup analyses revealed no
significant difference between immersive and non-immersive formats, whereas comparator type and intervention content
emerged as potential effect modifiers. However, given the substantial heterogeneity, the variability in intervention
characteristics, and the small number of included studies, these findings should be interpreted with caution and require
confirmation in adequately powered RCTs.
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3337 suggesting that VR

The findings of this study are consistent with previous RCTs and systematic reviews,
interventions may alleviate anxiety through multiple interacting mechanisms. Immersive VR appears to promote
emotional regulation through multisensory engagement; visual, auditory, and interactive feedback can redirect attention
away from dyspnea and disease-related stimuli and reduce anxiety-related cognitive burden,®® helping to interrupt the
cycle linking dyspnea, fear, and anxiety.”* Integrating VR with diaphragmatic and pursed-lip breathing training may

1,>” while exposure to relaxing natural scenes may add

further reduce hypoxia-related anxiety at the physiological leve
mind-body benefits through parasympathetic activation and reduced cortisol.***! By contrast, non-immersive VR may
rely more on cognitive and behavioral mechanisms, as real-time visualization of respiratory parameters and immediate
feedback can strengthen self-efficacy and reduce the anxiety associated with a perceived loss of control.** More broadly,
VR of either type may improve engagement and adherence through interactive tasks and encourage a shift from
avoidance to active participation, contributing to a regulatory pathway that combines attentional redirection, behavioral
activation, and a restored sense of control.?!2737

The findings of this study suggest that VR interventions may be associated with greater reductions in depressive
symptoms than conventional PR and usual care.*> Immersive VR may enhance engagement through situational immer-
sion and progressively challenging tasks, and repeated successful experiences may help reduce the learned helplessness
common in chronic disease,** while virtual social or multiplayer environments may alleviate disease-related social
isolation and provide emotional support.*> Non-immersive VR appears to act mainly through behavioral reinforcement
and reward-based mechanisms.*® Home-based or remotely delivered training can reduce time- and location-related
barriers and improve continuity, and phased goals and reward systems may activate neural reward pathways that help
restore motivation and counter the behavioral withdrawal associated with low mood.** Compared with conventional care,
which often lacks immediate feedback, the continuous positive reinforcement and enhanced self-efficacy afforded by VR
may serve as key psychological mediators of improvement in depression.*’

Subgroup analyses showed that both immersive and non-immersive VR produced significant therapeutic effects, with
no statistically significant difference between subgroups. The slightly larger effect of immersive VR was accompanied by
markedly higher heterogeneity (I* > 90%), suggesting that differences in intervention duration, setting, and disease stage,
rather than the level of immersion, drove the variability. The consistent effects across formats suggest that behavioral
activation and enhanced self-efficacy may be key underlying mechanisms.*® Because the number of studies was limited
and the training content and assessment tools varied, the power to detect true subgroup differences was reduced; current
evidence therefore does not establish the superiority of either format, and the apparent subgroup differences should be
regarded as exploratory.*®

When compared with conventional care or health education as control conditions, VR showed a greater effect in
reducing anxiety, whereas this advantage was attenuated when compared with PR. This pattern is plausible because PR

4930 50 its therapeutic

itself improves psychological status through exercise, breathing regulation, and group support,
pathways overlap with those of VR, whereas usual care offers little targeted psychological support. Therefore, VR is
more likely to function as a complementary or alternative approach to PR rather than replacing established rehabilitation
models. For patients with COPD who are unable to participate in center-based PR because of geographic barriers, limited
mobility, or low motivation, VR may represent an engaging home-based alternative. In the included studies, VR
interventions were associated with greater reductions in anxiety and depressive symptoms than conventional health
education alone.

Intervention content was a further source of heterogeneity. Hybrid programs combining exercise with breathing or
psychological training produced the largest and most consistent effects; exercise-based VR showed moderate benefits;
and breathing or relaxation training alone produced variable outcomes. Exercise may reduce anxiety indirectly by
improving exercise tolerance, relieving dyspnea, and enhancing self-efficacy, with psychological engagement and
behavioral activation as key mechanisms of emotional improvement.’>* Integrating task-oriented movement and
multimodal feedback within VR may further enhance attentional shifting and emotional regulation, generating synergistic
benefits.”> Future VR programs should therefore move beyond single-symptom training toward an integrated motor,

cognitive, and emotional framework.
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Subgroup analysis by region showed that studies conducted in China reported larger effect sizes for depression improve-
ment. This difference may be related to variations in baseline accessibility to PR resources and intervention intensity rather
than true regional differences in VR efficacy.”*>’ The included evidence was geographically concentrated, as six of the ten
studies were conducted in China and the remaining four in Turkey, Poland, and Italy. The geographic concentration of the
available evidence may limit the generalizability of the findings, because differences in healthcare systems, cultural context,
and intervention implementation may affect both the magnitude of treatment effects and the comparability of outcomes across
regions.”® First, baseline access to PR differs markedly. Structured outpatient PR is a routine part of COPD care in high-
income European settings,*® and three of the four non-Chinese trials used rehabilitation comparators that themselves confer
psychological benefits.>**’ In contrast, PR services in China remain predominantly concentrated in tertiary hospitals, while
community- and home-based rehabilitation programs are still under development.®® Most Chinese control groups therefore
received only routine care or health education, against which the incremental benefit of VR is correspondingly larger.
Variations in reimbursement coverage, the availability of respiratory therapists, and the integration of psychological support
into routine respiratory care therefore plausibly account for a substantial portion of the regional difference observed in our
subgroup analysis.®! Second, cultural and measurement factors may contribute, including the somatic expression of distress in
some East Asian populations, stronger family involvement, unevenly distributed digital health literacy, and the limited cross-
cultural equivalence of scales such as the HADS, all of which can affect symptom reporting and engagement.>*> Third,
platforms and adjunctive therapies varied; Chinese trials more often used motion-sensing or scenario-based systems,' >
in one case combined with herbal medicine, whereas European trials used head-mounted or balance-board devices'*”-*® that
differ in immersion level and carry a higher risk of cybersickness.®® A single pooled estimate may therefore not fully represent
the same intervention across settings,’” and generalization across health systems warrants caution.”® Multinational trials using
standardized comparators, harmonized protocols,®® culturally validated measures,*? and pre-specified stratification by region
are needed to separate the true efficacy of VR from contextual modifiers.

Sensitivity analysis indicated that the overall results were stable, although individual studies exerted a notable
influence on heterogeneity. For anxiety outcomes, heterogeneity decreased after exclusion of the study by Simsekli
et al Their intervention consisted solely of viewing pre-recorded three-dimensional breathing training videos, including
pursed-lip and diaphragmatic breathing, through VR goggles, without scenario simulation or motor interaction. This
limited level of immersion may have weakened emotional engagement and regulation effects, thereby influencing the
estimated effect size. In the analysis of depression outcomes, the pooled results changed substantially after exclusion of
the study by Xiong et al This study implemented phased reinforcement through VR-based breathing and virtual exercise
training and assessed outcomes using the COPD-QOL rather than dedicated psychological assessment scales. Differences
in both intervention protocols and measurement instruments are therefore likely to represent major sources of hetero-
geneity. These findings suggest that future studies should standardize VR hardware and software parameters and
harmonize intervention frequency, session duration, and overall treatment course. In addition, individual characteristics
such as cultural background and disease severity should be carefully considered. The use of standardized and validated
psychological assessment scales for anxiety and depression is also recommended to improve comparability across
studies.®?

Both approaches demonstrate potential therapeutic value. From a clinical and feasibility standpoint, device
selection should consider the intervention goals, the core training components, and patient characteristics.
Complex interactive operations may add burden for older adults and reduce adherence,”® and immersive head-
mounted systems may provoke cybersickness in some users.’® In contrast, non-immersive VR may achieve
comparable effects with lower cost and easier deployment, which could make it a practical option for PR centers
and home-based settings. However, given the limited number of studies and the substantial clinical heterogeneity
across interventions, these observations should be interpreted cautiously and require confirmation in larger, meth-
odologically rigorous trials before firm conclusions can be drawn.

This study has several limitations. First, the relatively small number of included studies limited the precision of the
pooled estimates and precluded formal assessment of publication bias. Second, substantial clinical and methodological
heterogeneity existed across studies, including differences in intervention content, intervention dose, and outcome
assessment tools, which may have contributed to the observed between-study variability. Third, although subgroup
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analyses were performed to explore potential sources of heterogeneity, the small number of studies within individual
subgroups limited the reliability of these findings. Consequently, subgroup results should be considered exploratory and
interpreted cautiously. Finally, the available evidence was geographically concentrated, with most studies conducted in
China, which may limit the generalizability of the findings to other healthcare systems and cultural contexts. Future
large-scale, multicenter RCTs conducted across diverse settings are needed to strengthen the evidence base and improve
the applicability of the findings.

Conclusions

In summary, this systematic review and meta-analysis suggests that VR-based interventions may offer potential benefits
for improving anxiety and depressive symptoms in patients with COPD and may represent a promising adjunct to
conventional PR. Subgroup analyses suggested broadly comparable effects across different levels of immersion, although
this observation remains exploratory. However, the certainty of the current evidence is limited by substantial between-
study heterogeneity, variability in intervention characteristics and outcome measures, and the relatively small number of
available studies. Therefore, the findings should be interpreted with caution. Rather than being considered an established
effective intervention, VR should currently be viewed as a promising approach whose benefits require further validation.
Future multicenter, adequately powered RCTs using standardized intervention protocols and harmonized outcome
measures are needed to establish the long-term effectiveness, safety, and optimal implementation of VR interventions
in COPD rehabilitation.
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