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Abstract
Background: Perioperative stress hinders patient recovery and poses significant challenges for clinical nursing. It triggers a
vicious cycle of negative psychological emotions and adverse physiological stress responses. Immersive virtual reality (VR),
an innovative nonpharmacological intervention, has been gradually incorporated into perioperative care, showing promise in
alleviating patient stress. However, comprehensive evaluations of its multidimensional efficacy remain lacking.
Objective: This study aims to systematically evaluate the dual regulatory effects of VR interventions on both psychological
emotions and objective physiological stress in adult patients undergoing perioperative care.
Methods: Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 guidelines,
we comprehensively searched 9 electronic databases for randomized controlled trials (RCTs) published from January 2000 to
March 2026. Eligible RCTs evaluated VR combined with routine care vs routine care alone in adult patients (≥18 years). The
risk of bias was assessed using the Cochrane Risk of Bias 2 tool (Cochrane Collaboration). Meta-analyses were performed
using a random-effects model based on the Hartung-Knapp-Sidik-Jonkman method. We reported 95% CIs and 95% prediction
intervals (PIs) to interpret clinical heterogeneity and evaluated evidence certainty using the Grading of Recommendations,
Assessment, Development, and Evaluation approach.
Results: We included 42 RCTs involving 4648 participants. Compared to routine care, VR significantly reduced anxiety
(standardized mean difference −1.17, 95% CI −1.50 to −0.85; 95% PI −3.16 to 0.81) and depression (standardized mean
difference −1.26, 95% CI −1.71 to −0.81; 95% PI −2.39 to −0.13). Physiologically, VR effectively decreased systolic blood
pressure (mean difference [MD] −5.12, 95% CI −7.21 to −3.03; 95% PI −11.73 to 1.49), diastolic blood pressure (MD −3.45,
95% CI −5.18 to −1.73; 95% PI −8.63 to 1.72), and heart rate (MD −4.45, 95% CI −5.94 to −2.97; 95% PI −10.15 to 1.24).
Subgroup analyses revealed that the anxiolytic effect was more pronounced in Asian populations.
Conclusions: VR serves as a safe and effective adjunctive intervention that exhibits a dual regulatory mechanism, simulta-
neously mitigating psychological distress and stabilizing hemodynamic parameters in perioperative adults. Unlike existing
systematic reviews that are predominantly limited to a single psychological metric (eg, anxiety) or focused on pediatric
populations, this review integrates both psychological (anxiety and depression) and objective physiological (blood pressure and
heart rate) dimensions into a unified evaluation framework. While average benefits are robust, the wide PIs suggest that true
effects may vary across individuals due to clinical heterogeneity. Future standardized, large-scale RCTs with strict blinding are
warranted to elevate the certainty of evidence.
Trial Registration: PROSPERO CRD42025645987; https://www.crd.york.ac.uk/PROSPERO/view/CRD42025645987
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Introduction
Patients undergoing perioperative care encounter significant
physical and psychological challenges, frequently manifest-
ing complex psychological and physiological responses.
Psychologically, patients not only develop anxiety driven
by excessive cognitive appraisal of unknown risks, but also
frequently experience concurrent depressive moods. Anxiety
and depression often coexist in patients undergoing perio-
perative care, severely impairing their treatment compliance
and motivation for recovery [1,2]. Physiologically, negative
emotions such as anxiety and depression directly activate the
sympathetic-adrenal medullary system, leading to a massive
release of catecholamines, thereby triggering physiological
stress responses that include accelerated heart rate and
abnormal elevations in blood pressure [3]. Such hemody-
namic instability not only complicates anesthesia induction
but also potentially precipitates adverse cardiovascular and
cerebrovascular events, significantly elevating surgical risks
[2,3]. Furthermore, severe psychological stress is signifi-
cantly correlated with various postoperative complications,
including delayed wound healing and exacerbated postopera-
tive symptoms such as nausea, vomiting, and intensified pain
[4,5]. Patients with higher levels of perioperative psycholog-
ical stress typically exhibit heightened pain sensitivity [6]
and require greater doses of postoperative analgesics. This
consequently prolongs hospital stays and may increase the
incidence of complications and the risk of mortality [7].

Current interventions for anxiety and stress in patients
undergoing perioperative care include pharmacological
treatments (eg, benzodiazepines and analgesics) and
nonpharmacological therapies (eg, music therapy and
aromatherapy) [8-12]. However, pharmacological treatments
are associated with adverse effects such as memory impair-
ment and fatigue; moreover, they may induce respiratory
and circulatory depression, thereby compromising patient
prognosis [13,14]. Regarding nonpharmacological therapies,
music therapy is highly susceptible to patient preferences
[15], whereas aromatherapy presents challenges in imple-
menting blinding, carries the risk of allergic reactions, and
lacks consistent efficacy [16,17]. As a novel nonpharma-
cological intervention, virtual reality (VR) provides immer-
sive visual and auditory experiences that enable patients to
intuitively visualize the surgical procedure or divert their
attention. Consequently, it is increasingly emerging as a
new trend in perioperative psychological and physiological
interventions [18,19].

VR technology uses computers to generate a virtual
environment characterized by immersion, interactivity, and
real-time feedback [20,21], rendering it a noninvasive and
low-risk intervention. Accumulating evidence indicates that
VR exerts a dual regulatory mechanism during the perioper-
ative period. Psychologically, research by Malik et al [19]

demonstrated that VR effectively interrupts the vicious cycle
of anxiety and depression by diminishing patients’ perceived
potential environmental threats [22]. Physiologically, studies
by Ugras et al [23] revealed that VR serves as a highly
efficient distractive modality; it stimulates the parasympa-
thetic nervous system and antagonizes sympathetic overac-
tivity, thereby effectively reducing and stabilizing blood
pressure and heart rate in patients undergoing surgery.

In recent years, multiple systematic reviews and meta-
analyses have explored the clinical utility of VR during the
perioperative period; however, existing studies still exhibit
notable limitations. Early meta-analyses indicated that VR
could reduce preoperative anxiety in children, whereas its
effect on adults remained insignificant [24]. Although recent
reviews have corroborated the mitigating effect of VR on
adult anxiety, the included studies presented substantial
heterogeneity [25]. More importantly, previous reviews were
predominantly confined to a single psychological parameter
(eg, anxiety) or postoperative pain, seldom systematically
incorporating depression—a pivotal psychological factor
that profoundly impacts postoperative recovery—into the
evaluation. Concurrently, comprehensive meta-analyses of
objective physiological metrics (namely, blood pressure and
heart rate) triggered by psychological stress remain scarce
[26]. Given the intimate pathophysiological interconnections
among perioperative anxiety, depression, blood pressure, and
heart rate, this review comprehensively synthesizes the effects
of VR interventions on both psychological and physiologi-
cal dimensions in patients undergoing perioperative care by
incorporating the latest randomized controlled trials (RCTs).

Against this backdrop, this study aims to comprehensively
evaluate the efficacy of VR interventions on psychological
emotions and physiological stress in patients undergoing
perioperative care through a systematic review and meta-anal-
ysis. The specific objectives are as follows: (1) to evaluate
the impact of VR interventions on psychological parameters
(anxiety and depression) in patients undergoing perioperative
care and (2) to analyze the efficacy of VR interventions
on objective physiological stress metrics (blood pressure
and heart rate). We hypothesize that, compared to routine
care, VR interventions can significantly reduce the levels of
anxiety and depression in patients undergoing perioperative
care while effectively stabilizing blood pressure and heart
rate. This review anticipates providing high-level, evidence-
based support for health care professionals in selecting safer
and more efficacious novel nonpharmacological interven-
tions, thereby improving perioperative outcomes.
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Methods
Study Design
This review is a systematic review and meta-analysis. The
methodology was conducted in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions [27]. The
reporting of this review fully complies with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) 2020 statement and its extension checklists
[28], while the search process adhered to the PRISMA-
S (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis–Search) statement for searching [29]. The
protocol for this review was prospectively registered in the
International Prospective Register of Systematic Reviews
(PROSPERO; registration no CRD42025645987), and the
study was conducted without any deviations from the
preregistered protocol. It should be noted that the primary
outcome originally registered was perioperative anxiety.
During the conduct of the review, as the understanding of
perioperative stress responses evolved and relevant recent
literature emerged, we recognized that depression, blood
pressure, and heart rate are pathophysiologically interconnec-
ted with anxiety and are of comparable clinical importance
for perioperative nursing decisions. Consequently, while
maintaining the original study design, inclusion criteria,
and analytical framework, we expanded the outcome set
to include depression, blood pressure, and heart rate as
secondary outcomes. All meta-analytic methods, heteroge-
neity assessments, and effect size syntheses were applied
uniformly to the finalized set of outcomes.
Literature Search Strategy

Search Scope and Timeline
A systematic search was conducted across 9 English and
Chinese databases, comprising PubMed, Embase (via Ovid),
the Cochrane Library (via Wiley), Web of Science, Scopus,
CNKI (China National Knowledge Infrastructure), Wanfang
Database, VIP Database (China Science and Technology
Journal Database), and CBM (Chinese Biomedical Literature
Database). The search time frame spanned from January 1,
2000, to March 6, 2026.

Development of the Search Strategy
Strictly adhering to the Cochrane Handbook for Systematic
Reviews of Interventions, the search strategy was constructed

by combining Medical Subject Headings with free-text terms,
restricting search fields (eg, title and abstract), and using
Boolean operators (AND, OR, and NOT). A comprehensive
expansion of core vocabulary with synonyms and related
terms was performed to ensure the search was exhaustive and
to minimize the risk of missing relevant literature.

Search Terms
English search terms: (Virtual Reality OR VR OR virtual
reality technology OR immersive virtual technology) AND
(perioperative period OR surgical patient OR preoperative
OR intraoperative OR postoperative) AND (Anxiety OR
Depression OR Blood Pressure OR Heart Rate OR systolic
blood pressure OR diastolic blood pressure). Chinese
search terms: (虚拟现实  OR VR OR 沉浸式虚拟技术)
AND (围术期  OR 术前  OR 术中  OR 术后  OR 手术患
者) AND (焦虑  OR 抑郁  OR 血压  OR 心率  OR 收缩压
OR 舒张压).

Additional Search
A manual search of reference lists of the included studies, as
well as those of related systematic reviews and meta-analyses,
was conducted to further identify literature that may have
been missed in the electronic database searches. The detailed
search results are provided in Multimedia Appendix 1.

To ensure full compliance with the PRISMA-S guide-
lines, we detail the following search parameters: searches
were conducted individually on the native interfaces of
each database (eg, Web of Science Core Collection and
Cochrane CENTRAL), rather than simultaneously across
a multidatabase platform. Built-in database limiters were
applied to restrict publication dates, languages (English
and Chinese), document types, and study designs (RCTs);
however, no externally published or validated search filters
(eg, the Cochrane Highly Sensitive Search Strategy) were
used. Furthermore, our search strategy was developed de
novo by the research team without reusing strategies from
prior reviews, and it was not formally peer-reviewed by an
independent information specialist. Regarding other sources,
we did not systematically browse unindexed online resources,
nor did we search clinical trial registries for unpublished data.
Additionally, no additional studies were sought by contacting
authors or experts (authors were only contacted for missing
data from included studies), and no automated search updates
or email alerts were used before paper submission. The
inclusion and exclusion criteria are provided in Textbox 1.

Textbox 1. Inclusion and exclusion criteria.
Inclusion criteria:

• Participants: patients aged ≥18 years in the perioperative period (preoperative, intraoperative, or postoperative),
without cognitive impairment.

• Interventions: the control group received routine perioperative nursing care, while the experimental group received a
virtual reality (VR) intervention combined with routine care.

• Outcome measures: studies including at least one of the following indicators: anxiety scores, depression scores, blood
pressure (mm Hg), and heart rate (bpm).

• Study design: randomized controlled trials (RCTs).
• Language: literature published in Chinese or English.
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Exclusion criteria:
• Patients using antianxiety or antidepressant medications, or those diagnosed with cognitive impairment.
• Studies for which the full text or complete data remained unavailable even after contacting the original authors.
• Incomplete original papers, such as abstracts, conference proceedings, newspaper articles, and dissertations.
• Low-quality literature with severe methodological flaws, data errors, or duplicate publications.

Literature Screening and Data Extraction
Two reviewers (SW and ZY) independently conducted the
initial screening of titles and abstracts, followed by a full-text
review, strictly according to the inclusion and exclusion
criteria. EndNote (version 21; Clarivate) software was used
to remove duplicate records. Any discrepancies arising during
the screening process were resolved through discussion or
consultation with a third reviewer (HY) to finalize the list of
included studies.

The 2 reviewers (SW and ZY) independently extracted
data using a standardized data extraction form. The extrac-
ted information included basic study information (author,
publication year, and country or region), participant charac-
teristics (sample size, age, and type of surgery), intervention
details (type of VR device, intervention content, timing of
intervention, and duration of intervention), outcome measures
(measurement tools, mean, SD, 95% CI, and sample size),
and methodological characteristics of the studies (randomi-
zation method, implementation of blinding, and information
related to risk of bias).

This review confirmed that all participants included in
the analysis were mutually independent, with no instances
of double-counting. For studies where multiple VR interven-
tion arms shared a single control group, we followed the
guidelines of the Cochrane Handbook for Systematic Reviews
of Interventions [27] by evenly dividing the control group
sample size while keeping the mean and SD unchanged. This
approach prevents the inflation of statistical weight caused by
double-counting the control group sample, thereby ensuring
independence among comparisons.
Quality Assessment and Grading of
Evidence
Two investigators (SW and ZY) independently assessed the
risk of bias for the included RCTs using the Cochrane Risk
of Bias 2 tool (Cochrane Collaboration) [30]. The assessment
domains included the randomization process, deviations from
intended interventions, missing outcome data, measurement
of the outcome, and selection of the reported result. The
evaluation results were presented using a traffic light system
(green=low risk, yellow=some concerns, and red=high risk)
to generate a risk of bias summary and graph. Any discrepan-
cies were resolved through consensus or by consulting a third
investigator (HY).

The quality of evidence for each outcome indicator
was evaluated according to the criteria established by the
Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) Working Group [31]. The grading
dimensions encompassed study limitations, inconsistency,

indirectness, imprecision, and publication bias. The certainty
of the evidence was accordingly downgraded based on the
specific conditions of each dimension. Ultimately, the grading
results were presented using the standardized summary of
findings table provided by the GRADE Working Group.
Data Processing and Statistical Analysis

Overview
Statistical analyses were performed using RStudio (Posit
Software, PBC) with the meta and metafor packages. A
random-effects model was adopted for all outcome meas-
ures [32]. Given the unavoidable clinical and methodological
heterogeneity across included studies in terms of surgical
types, VR devices, intervention contents, and intervention
duration, the true effect sizes exhibited a distributional
pattern across studies; thus, the random-effects model was
more consistent with the study design of this research. For
continuous outcomes, the mean difference (MD) with 95% CI
was used for outcomes measured with identical tools (blood
pressure and heart rate). The standardized mean difference
(SMD) with 95% CI was applied for outcomes assessed
with different instruments (anxiety and depression). All effect
sizes were calculated using the Hartung-Knapp-Sidik-Jonk-
man method for CI estimation [33], which improves the
accuracy and robustness of pooled effect size estimates and
reduces the false-positive rate.
Heterogeneity Assessment
Cochran Q test (P<.10 indicated significant heterogeneity), τ,
and τ² were reported. The 95% prediction interval (PI) was
computed, and the I² statistic was calculated.
Subgroup and Sensitivity Analyses
To explore potential sources of heterogeneity, prespecified
subgroup analyses were conducted based on geographical
region, timing of intervention, and duration of intervention.
To assess the robustness of the synthesized results, a leave-
one-out sensitivity analysis was performed.
Bias Assessment
Potential publication bias was evaluated using funnel plots
and the Egger linear regression test for the included stud-
ies. The trim-and-fill method was used if asymmetry was
detected.
Ethical Considerations
This study is a systematic review and meta-analysis based on
previously published literature. As it did not involve primary
data collection or direct interaction with human participants
or animals, ethical review and approval by an institutional
review board, as well as informed consent, were not required.
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Results
Literature Screening Results
The literature screening process was strictly conducted in
accordance with the PRISMA 2020 statement, and the
detailed procedure is illustrated in Figure 1. A total of 3186
records were initially retrieved from all databases. After
removing 1984 duplicate records using EndNote (version
21) software, 1202 papers remained. Two reviewers (SW
and ZY) independently screened the titles and abstracts

of these 1202 papers, excluding 769 irrelevant studies
due to ineligible participants, inappropriate interventions,
or irrelevant outcome measures, leaving 433 papers for
full-text evaluation. During the full-text screening phase,
an additional 250 studies were excluded for the following
reasons: inappropriate interventions (121 studies), non-RCTs
(97 studies), and missing data (32 studies). Finally, 42 RCTs
were included in this meta-analysis [23,34-74]. Reasons for
exclusion of full-text papers are provided in the PRISMA
flow diagram in Figure 1.

Figure 1. Results of the literature search conducted on March 6, 2026. RCT: randomized controlled trial.

Basic Characteristics of Included Studies
and Interventions
The 42 included studies were conducted across multiple
countries and regions, including China, Turkey, Spain, Iran,
France, and others. As shown in Table 1, the studies
covered various perioperative populations, including patients
undergoing general, orthopedic, cardiovascular, obstetric
and gynecological, and oral and maxillofacial surgery. The
sample sizes of individual studies ranged from 19 to 423
participants, and all control groups received routine perioper-
ative care.

Regarding intervention measures (Table 2), the presenta-
tion and content of VR interventions were highly diverse.
Interventions were mainly classified into three categories:

(1) natural and relaxing scenes (eg, underwater world,
forest, beach, and VR experiences combined with mindful
music); (2) perioperative procedural education (eg, first-per-
son simulation of entering the operating room, anesthesia
induction, and recovery to reduce fear of the unknown
environment); and (3) immersive games or interactive
rehabilitation training, with the intervention timing covering
the preoperative period (eg, brief 10‐20 minutes intervention
in the preoperative waiting area), intraoperative period (eg,
continuous use for patients under local or neuraxial anesthe-
sia), and postoperative rehabilitation phase.
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Risk of Bias Assessment and Quality of
Evidence
Two reviewers (SW and ZY) independently assessed the
risk of bias for the 42 RCTs using the Risk of Bias 2 tool.
Overall, the included studies exhibited favorable methodolog-
ical quality, and no study was rated as having a high overall
risk of bias. The risk-of-bias plot (traffic light plot, Figure
2) revealed that several studies [23,34-74] were rated as
having some concerns in the domains of the randomization
process (Domain 1) and deviations from intended interven-
tions (Domain 2). The main reasons included insufficient
reporting of the specific methods used to conceal the random
sequence and the difficulty in achieving complete blinding
of participants and personnel due to the inherent nature of
VR interventions. The GRADE quality-of-evidence ratings
for each outcome measure are summarized in Table 3.
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Figure 2. Risk of bias assessment of included randomized controlled trials using the Cochrane Risk of Bias 2 tool [23,34-74].
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Results of Meta-Analysis

Anxiety
Overview
Forty studies [23,34-66,69-74] reported the effect of VR
intervention on anxiety in patients undergoing perioperative
care, with a total sample size of 4648 participants. The
pooled results demonstrated that anxiety levels in the VR
group were significantly lower than those in the conventional
care group (SMD −1.17, 95% CI −1.50 to −0.85; P<.001).
Heterogeneity analysis indicated substantial heterogeneity

(Q=589.87; P<.001; τ=0.967; τ²=0.935; I²=93.4%). The
computed 95% PI was −3.16 to 0.81, which crossed the line
of no effect (0). This suggests that although the overall pooled
effect supports the anxiolytic effect of VR, VR intervention
may not significantly reduce individual anxiety levels in
certain specific clinical settings in the future, highlighting
the impact of heterogeneity in intervention protocols and
populations on the actual therapeutic effect. The forest plot
is shown in Figure 3 [23,34-66,69-74].

To explore the sources of heterogeneity, prespecified
subgroup analyses were performed in this review (Table 4).

Figure 3. Forest plot for the standardized mean difference (Hedges g) of the effect of virtual reality (VR) compared with conventional interventions
on anxiety scores in patients undergoing perioperative care; lower anxiety score indicates less anxiety [23,34-66,69-74].
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Table 4. Subgroup analysis of anxiety scores in patients undergoing perioperative care receiving virtual reality intervention, stratified by region,
timing of intervention, and duration of intervention.

Subgroup N
SMDa (95%
CI)

Prediction
intervals τ τ2 QM I2 (%)

Region (between-subgroup difference: QM (df)=9.34 (1); P<.05)
  Asia 31 −1.36 (−1.73

to −0.99)
−2.77 to 0.06 0.73 0.53 381.11 92.1

  Other 9 −0.49 (−0.99
to 0.01)

−1.97 to 0.99 0.74 0.55 111.85 92.8

Timing of intervention (between-subgroup difference: QM (df)=9.64 (3); P=.02)
  Preoperative 25 −1.12 (−1.51

to −0.72)
−2.67 to 0.44 0.76 0.58 343.69 93

Intraoperati
ve

4 −0.68 (−0.81
to −0.54)

−0.70 to −0.65 0.00 0.00 0.39 0

Postoperativ
e

5 −1.65 (−3.06
to −0.25)

−4.87 to 1.56 0.89 0.78 53.72 92.6

  Preoperative
+
Postoperativ
e

6 −1.32 (−2.88
to 0.25)

−5.10 to 2.47 1.14 1.31 173.95 97.1

Duration of intervention (between-subgroup difference: QM (df)=4.18 (2); P=.12)
  Short-term 3 −2.24 (−5.92

to 1.44)
−11.80 to 7.33 1.31 1.71 46.94 95.7

  Medium-
term

30 −0.96 (−1.30
to −0.62)

−2.56 to 0.64 0.75 0.56 423.37 93.2

  Long-term 7 −1.60 (−2.53
to −0.67)

−3.80 to 0.60 0.79 0.63 75.75 92.1

aSMD: standardized mean difference.

Region
Asian region [34,35,59-66,69-74]: SMD −1.36 (95% CI
−1.73 to −0.99; 95% PI −2.77 to 0.06). Other regions [36,
44-46,48,50,52,55,57]: SMD −0.49 (95% CI −0.99 to 0.01;
95% PI −1.97 to 0.99). The between-subgroup difference
was statistically significant (Q=9.34; P<.05), indicating that
the anxiety-reducing effect of VR intervention may be more
pronounced in Asian populations.

Timing of Intervention
Intraoperative [39,41-43], postoperative [34,35,60,66,68],
preoperative [23,36-38,45-55,57-59,63,65,69-71,73,74], and
preoperative + postoperative [40,44,56,61,62,74] interven-
tions all effectively reduced anxiety. Among them, the
intraoperative subgroup showed extremely low heteroge-
neity (I²=0%), with SMD −0.68 (95% CI −0.81 to
−0.54). Significant differences were observed among timing
subgroups (Q=9.64; P=.02).

Duration of Intervention
VR intervention significantly alleviated anxiety regardless of
duration: short duration (≤10 minutes) [49,69,73], medium

duration (11‐30 minutes) [23,36-44,46-48,50-59,63,65,66,70-
72,74], and long duration (>30 minutes) [34,35,45,60-62,64].
No significant between-subgroup difference was detected
(Q=4.18; P=.12), suggesting that VR interventions of varying
durations provide stable clinical benefits.

Depression
Seven studies [34,35,61,63,64,69,71] reported the effect of
VR on depression in patients undergoing perioperative care,
with a total sample size of 647 participants. The pooled effect
size indicated that VR significantly reduced depression scores
(SMD −1.26, 95% CI −1.71 to −0.81; P<.001). Significant
heterogeneity was observed across studies (Q=25.93; P<.001;
τ=0.423; τ²=0.179; I²=76.9%), and the 95% PI was −2.39 to
−0.13. The forest plot is provided in Figure 4 [34,35,61,63,64,
69,71].

JMIR SERIOUS GAMES Wang et al

https://games.jmir.org/2026/1/e81799 JMIR Serious Games 2026 | vol. 14 | e81799 | p. 17
(page number not for citation purposes)

https://games.jmir.org/2026/1/e81799


Figure 4. Forest plot for the standardized mean difference (Hedges g) of the effect of virtual reality (VR) compared with conventional interventions
on depression scores in patients undergoing perioperative care; lower depression scores indicate less depression [34,35,61,63,64,69,71].

Blood Pressure
Overview
A total of 13 studies [23,37,38,40-44,47,50,51,59,74] and
12 studies [23,37,38,40-44,47,50,59,74] reported the effects
of VR on systolic blood pressure (SBP; 2212 patients) and
diastolic blood pressure (DBP; 2174 patients) in patients
undergoing perioperative care, respectively.

SBP Outcomes
SBP in the VR group was significantly lower than that in the
control group (MD −5.12, 95% CI −7.21 to −3.03; P<.001).

Significant heterogeneity was observed (τ=2.839; τ²=8.057;
I²=69.4%), with a 95% PI of −11.73 to 1.49.

DBP Outcomes
VR also significantly reduced DBP (MD −3.45, 95% CI
−5.18 to −1.73; P<.001). Significant heterogeneity was
detected (τ²=4.870; I²=74.2%), with a 95% PI of −8.63 to
1.72. Forest plots for blood pressure outcomes are shown
in Figure 5 [23,37,38,40-44,47,50,51,59,74] and Figure 6 [23,
37,38,40-44,47,50,59,74].

Figure 5. Forest plot of the mean difference for the effect of virtual reality (VR) on systolic blood pressure in patients undergoing perioperative care
compared with control [23,37,38,40-44,47,50,51,59,74].
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Figure 6. Forest plot of the mean difference for the effect of virtual reality (VR) on diastolic blood pressure in patients undergoing surgery compared
with control [23,37,38,40-44,47,50,59,74].

Heart Rate
Twenty studies [23,37-44,47,50,51,55,56,59,67-70,73]
reported the effect of VR on heart rate in patients under-
going perioperative care, with a total sample size of
2781 participants. The pooled effect size showed that VR
intervention significantly reduced heart rate (MD −4.45,

95% CI −5.94 to −2.97; P<.001). Significant heterogeneity
was observed across studies (Q=123.20; P<.001; τ=2.629;
τ²=6.914; I²=84.6%), and the 95% PI was −10.15 to 1.24. The
forest plot is provided in Figure 7 [23,37-44,47,50,51,55,56,
59,67-70,73].

Figure 7. Forest plot of the mean difference for the effect of virtual reality (VR) on heart rate in patients undergoing perioperative care compared
with control [23,37-44,47,50,51,55,56,59,67-70,73].

JMIR SERIOUS GAMES Wang et al

https://games.jmir.org/2026/1/e81799 JMIR Serious Games 2026 | vol. 14 | e81799 | p. 19
(page number not for citation purposes)

https://games.jmir.org/2026/1/e81799


Sensitivity Analysis and Small-Study
Effects Assessment
A leave-one-out sensitivity analysis was performed to assess
the robustness of the 5 outcome indicators: anxiety, depres-
sion, SBP, DBP, and heart rate. After sequentially removing
individual studies, the pooled effect sizes were recalcula-
ted using the Hartung-Knapp-Sidik-Jonkman random-effects
model. The results demonstrated that omitting any single
study did not cause a directional change in the overall pooled
effect sizes, and all pooled estimates remained statistically
significant (P<.001), indicating that the meta-analysis results
were highly robust. Forest plots of the sensitivity analysis are
shown in Figure S1 in Multimedia Appendix 2.

Small-study effects were evaluated using funnel plots
combined with the Egger linear regression test, which was
performed only for outcomes with ≥10 included studies
(anxiety, SBP, DBP, and heart rate):

• Anxiety: funnel plot was generally symmetric (Egger
test: t=−0.10; P=.92)

• SBP: funnel plot was generally symmetric (Egger test:
t=−0.84; P=.42)

• DBP: funnel plot was generally symmetric (Egger test:
t=0.55; P=.60)

• Heart rate: funnel plot was generally symmetric (Egger
test: t=−1.08; P=.30)

None of the Egger tests for the above outcomes were
statistically significant (P>.05), indicating no significant
small-study effects. For depression (n=7), the Egger
regression test suggested asymmetry in the funnel plot
(t=−5.68; P=.002). Further sensitivity verification using the
trim-and-fill method showed that the pooled effect size after
adjustment was consistent with the original result (SMD
−1.26, 95% CI −1.71 to −0.81; P<.05). This suggests that
the observed funnel plot asymmetry was more likely caused
by heterogeneity in VR intervention content and timing across
studies, rather than publication bias, further confirming the
authenticity and robustness of VR in improving perioperative
depression. The results are shown in Figure S2 in Multimedia
Appendix 3.

Discussion
Principal Findings
This review aimed to comprehensively evaluate the efficacy
of VR interventions on psychological emotions and phys-
iological stress in patients undergoing perioperative care.
Consistent with our initial hypotheses, the findings from
42 included RCTs confirm that, compared to conventional
perioperative care, adjunctive VR interventions significantly
reduce patients’ anxiety and depression levels. Furthermore,
the results validate our hypothesis regarding objective
physiological metrics, demonstrating that VR effectively
lowers SBP and DBP while decreasing heart rate. These dual
regulatory benefits offer strong, evidence-based support for
VR as a safe and efficacious nonpharmacological intervention
for stabilizing perioperative stress.

Subgroup analyses showed that the anxiolytic effect of
VR was more pronounced in Asian populations. The 95% PI
indicated that the effect of VR on depression was stable in
most clinical settings, whereas its effects on anxiety, blood
pressure, and heart rate were influenced by heterogeneity and
might not be significant in some specific contexts. Sensitiv-
ity analyses confirmed the high robustness of the results.
Assessment of small-study effects revealed no significant
small-study effects for any outcome except depression.

This study demonstrated that VR technology effectively
alleviates anxiety and depression in patients undergoing
perioperative care, which is consistent with findings from
previous relevant systematic reviews [75]. The core mecha-
nisms underlying the psychological stress-relieving effect of
VR are mainly attributed to distraction theory and informa-
tion processing theory [76]. On the one hand, the periopera-
tive environment (eg, alarms from monitoring equipment and
unfamiliar instruments) serves as a direct stressor trigger-
ing anxiety and depression in patients [77]. By construct-
ing a highly immersive 3D audio-visual environment, VR
can effectively redirect patients’ limited attention, disconnect
them from the negative surrounding environment, and thereby
reduce the development of depressive symptoms [76,78].
On the other hand, for anticipatory anxiety induced by the
unknown nature of surgery, preoperative full-process scenario
simulation via VR (eg, first-person experience of anesthesia
induction) can significantly reduce information asymmetry
between physicians and patients [20]. When patients develop
a clear understanding of the treatment procedure and gain a
sense of control, their inner uncertainty and helplessness are
substantially diminished [49].

Furthermore, subgroup analyses revealed an important
finding: the anxiolytic effect of VR intervention was more
significant among patients in Asian regions. This is consis-
tent with the cross-cultural findings reported by Streuli et al
[79]. Possible reasons include that in Asian cultures, patients
tend to express negative emotions less directly; VR, as an
implicit and nonconfrontational intervention, better matches
the psychological acceptance of this population [80]. Most
studies [23,35,37,39,47-49,51,56,58,66] conducted in Asian
regions used VR scenes featuring natural landscapes, which
may enhance patients’ immersive experience and adherence
to interventions. In addition, intraoperative interventions
exhibited extremely low heterogeneity. This may be attributed
to the fact that patients under local or neuraxial anesthesia
during surgery are more susceptible to distraction by VR
content, thus reducing between-study heterogeneity [39,41].

At the physiological level, this review confirmed that VR
effectively reduces blood pressure and heart rate, findings
highly consistent with those of the single-center clinical trial
by Ugras et al [23]. Patients undergoing perioperative care are
under severe psychological stress due to fear and uncertainty,
which directly activates the hypothalamic-pituitary-adrenal
axis and sympathetic nervous system, leading to massive
catecholamine release, followed by tachycardia, peripheral
vasoconstriction, and hypertension [81]. Through its powerful
psychological soothing effects, VR interrupts this psychoso-
matic stress cycle. Functional magnetic resonance imaging
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studies have confirmed that immersive VR experiences not
only regulate the balance of the autonomic nervous system
(ie, reducing sympathetic activity and enhancing parasym-
pathetic tone) but also significantly decrease activation in
brain regions involved in pain and emotional processing,
such as the anterior cingulate cortex, insula, and somatosen-
sory cortex [82]. Such inhibitory effects at the central neural
level represent the fundamental physiological basis for VR to
stabilize perioperative hemodynamic parameters.

The findings of this review carry important implications
for clinical nursing practice. First, as key providers of
perioperative care, health care professionals act as a bridge
between technology and patients in VR interventions [83].
They are required not only to operate the equipment but
also to assess patients’ digital literacy, medical history, and
preferences before intervention to select the most suitable VR
content (eg, relaxing natural scenes or cognitive educational
videos). During intervention implementation, they should
closely monitor changes in patients’ heart rate and blood
pressure, which serve as objective indicators for dynamically
adjusting the intervention protocol [84].

Second, although the clinical efficacy of VR technology
has been confirmed, its widespread implementation still
faces cost-effectiveness considerations. The initial invest-
ments in hardware procurement, software customization,
and operational training are relatively high [85]. Neverthe-
less, several health economic studies on digital therapeutics
have demonstrated that, in the long run, VR interventions
help reduce postoperative analgesic requirements, shorten
anesthesia recovery time, and decrease overall length of
hospital stay, thus yielding significant cost-effectiveness
[86,87]. Therefore, hospital administrators should focus on
the overall health economic value when introducing this
technology.
Innovations and Limitations
Regarding the review process itself, no significant process-
specific limitations were identified. This review is the first to
comprehensively evaluate VR interventions in the perio-
perative setting by incorporating anxiety, depression, and
objective hemodynamic parameters (blood pressure and heart
rate). It overcomes the limitation of previous studies [24-26]
that were only focused on anxiety alone and more compre-
hensively reveals the intervention effect of VR on both
psychological and physiological stress during the perioper-
ative period, which is consistent with the pathophysiolog-
ical characteristics of perioperative stress [3,81]. Through
subgroup analyses, the impacts of region and intervention
timing on VR efficacy were identified, providing evidence for
the clinical design of personalized VR intervention proto-
cols—for example, VR can be prioritized for Asian patients,
and standardized intraoperative VR programs can be adopted
to reduce heterogeneity.

This review has several limitations that should be
considered when interpreting the results. First, substantial
clinical heterogeneity was observed across the included
studies regarding types of VR devices (eg, head-mounted
display models), intervention content (relaxation-based vs

education-based), exposure frequency, and specific surgical
types [23,49], which may have reduced the precision of
the pooled effect sizes to some extent. Second, owing to
the inherent physical characteristics of VR interventions, it
was difficult for the included studies to achieve genuine
double-blinding of patients and implementing nurses [20,75],
which inevitably introduced risks of performance bias and
measurement bias. Third, the number of studies included
on depression was relatively small [34,35,61,63,64,69,71],
leading to low-quality evidence. Therefore, the corresponding
results should be interpreted with caution, and more high-
quality studies focusing on VR interventions for perioperative
depression are needed in the future.

Future Research Directions
Future studies should standardize the reporting of VR
devices, intervention content, and exposure parameters and
clarify the impact of different surgical types and intervention
protocols on pooled effect sizes. To address bias arising
from blinding limitations, it is recommended to strictly
implement outcome-assessor blinding and include objective
physiological indicators to ensure reliable results. Further-
more, researchers should conduct multicenter, large-sample
randomized trials and extend follow-up periods to build
high-quality evidence regarding the long-term efficacy of VR.
Conclusion
This systematic review and meta-analysis demonstrate that
VR serves as a safe and effective adjunctive intervention that
exhibits a dual regulatory mechanism in perioperative adult
patients. Based on the 95% CIs, VR significantly alleviates
average psychological distress (anxiety and depression) and
stabilizes physiological indicators (SBP, DBP, and heart rate).
However, while the CIs confirm a robust average benefit,
the wide 95% PIs indicate that, due to substantial clinical
heterogeneity, the true effect of VR for an individual patient
in future clinical settings may vary widely. Furthermore, these
findings should be interpreted cautiously; due to the inherent
difficulty of double-blinding in VR interventions and the
diverse VR contents and devices used, the GRADE assess-
ment indicates a moderate-to-low certainty of evidence across
all outcomes.

The innovation of this study lies in its comprehensive
evaluation framework. Unlike existing systematic reviews
that are predominantly limited to a single psychological
metric (eg, anxiety alone) or focused on pediatric populations,
this review innovatively integrates both psychological and
objective physiological dimensions to comprehensively assess
the perioperative psychosomatic stress response. Contribu-
ting to the field, this multidimensional assessment clari-
fies the dual regulatory mechanism of VR in mitigating
perioperative stress. In terms of real-world implications,
this review provides valuable, evidence-based guidance for
health care professionals to implement personalized digital
nonpharmacological interventions—such as prioritizing VR
use for Asian perioperative populations, where the anxiolytic
effect is notably pronounced. Ultimately, integrating VR
into clinical practice can reduce reliance on pharmacological
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interventions, improve the patient care experience, and
enhance the quality of postoperative recovery. Future
multicenter, large-sample RCTs with standardized protocols

and strict blinding are warranted to further elevate the quality
of evidence.
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