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Abstract

Purpose Vulnerability to stress is linked to poor mental health. Stress management interventions for people with mental
health conditions are numerous but they are difficult to implement and have limited effectiveness in this population. Virtual
reality (VR) relaxation is an innovative intervention that aims to reduce stress. This review aimed to synthesize evidence of
VR relaxation for people with mental health conditions (PROSPERO 269405).

Methods Embase, Medline, PsycInfo, and Web of Science were searched until 17th September 2021. The review was car-
ried out according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses. The Effective Public Health
Practice Project (EPHPP) tool assessed methodological quality of studies.

Results Searching identified 4550 studies. Eighteen studies (N =848) were included in the review. Studies were published
between 2008 and 2021. Eleven were conducted in Europe. Thirteen studies were controlled trials. Participants were mostly
working-age adult outpatients experiencing anxiety or stress-related conditions. Other conditions included eating disorders,
depression, bipolar disorder, and psychosis. Five studies tested inpatients. All studies used a range of nature-based virtual
environments, such as forests, islands, mountains, lakes, waterfalls, and most commonly, beaches to promote relaxation.
Studies provided evidence of the feasibility, acceptability, and short-term effectiveness of VR relaxation to increase relaxa-
tion and reduce stress. EPHPP ratings were ‘strong’ (N=11), ‘moderate’ (N=4), and ‘weak’ (N=3).

Conclusions VR relaxation has potential as a low-intensity intervention to promote relaxation and reduce stress for adults
with mental health conditions, especially anxiety and stress-related problems. Further research is warranted on this promis-
ing intervention.
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Introduction

Vulnerability to stress is linked to mental health conditions,
such as depression and anxiety, and has been exacerbated
by the COVID-19 pandemic [1, 2]. Having a mental health
condition can in turn increase stress levels, consequently
creating a vicious bidirectional relationship in which stress
maintains and worsens mental health symptoms [3], which
can be a trigger for more severe and prolonged problems
[4, 5]. Numerous stress management interventions aim to
reduce stress and improve well-being [6]. Stress manage-
ment techniques such as meditation, yoga, and progressive
muscle relaxation can improve mental health outcomes
by promoting relaxation, reducing tension, and activating
the parasympathetic nervous system [7], which reduces
stress-associated physiological responses, such as elevated
blood pressure and heart rate [6]; while mindfulness-based
interventions can improve short-term cognitive outcomes
and emotion regulation [8]. Stress management relaxation
techniques are widely considered to be cost-effective and
low risk [9]; however, they can be difficult to implement
due to time constraints, stigma about help-seeking, lack of
consumer confidence, and needing high levels of consumer
effort in terms of concentration and attention, which can
often be impaired in people with mental health conditions
[10].

Innovative approaches are therefore needed to supplement
existing stress management techniques, particularly for peo-
ple with mental health conditions. Virtual reality (VR) relax-
ation is one such innovation that is attempting to meet this
need. VR is an immersive technology that is increasingly
being used in various healthcare settings [11], including
for people with mental health conditions [12-14]. Research
indicates that VR-based relaxation, using head mounted
displays (HMD) to deliver the VR, is feasible, acceptable,
and is effective in the short-term to promote relaxation and
reduce stress for the general, non-clinical population [15].
However, despite the emergence of promising studies that
test VR relaxation in clinical samples, there is no system-
atic review of VR relaxation for people with mental health
conditions. Therefore, the aim of this systematic review is
to identify, narratively synthesize, and quality rate existing
research on VR relaxation for people with mental health
conditions (PROSPERO: 269405).

Methods
Search strategy

This review was carried out according to Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses

@ Springer

(PRISMA) [16]. Academic databases Embase, Medline,
PsycInfo and Web of Science were searched until 17th
September 2021. Search terms were: “virtual real*” OR
“virtual-real*” OR “VR” OR “virtual enviro*” OR “vir-
tual character*” OR “VCs” OR “avatar*” AND “relax*”
OR “autogen*” OR “meditat*” OR “mindful*” OR “rest*”
OR “PMR” OR “progressive muscle” OR “imagery” OR
“breath*” OR “distract*” OR “wellness” OR “wellbe-
ing” OR “well-being” AND “mental health” OR “mental
illness” OR “mental disorder” OR “psych*" OR "schiz*"
OR "mood" OR “depress*” OR “bipolar” OR “anxi*” OR
“panic disorder” OR “obsessive compulsive” OR “obses-
sive—compulsive” OR “OCD” OR “stress” OR “PTSD” OR
“dissociat*” OR “eating” OR “anorexi*” OR “bulim*” OR
“substance us*” OR “substance misuse” OR “addict*” OR
“dissocial” OR “personality disorder”. Truncations were
used to account for alternative spellings and word end-
ings. Search terms associated with VR and relaxation were
adapted from a previous systematic review on VR relaxa-
tion for the general population [15]. Search terms associated
with mental health conditions were adapted from diagnostic
labels in the International Statistical Classification of Dis-
eases and Related Health Problems, (11th ed; ICD-11; World
Health Organization [17]. Studies categorized under key
subject headings (‘Virtual Reality’, ‘Relaxation’, and ‘Men-
tal Disorders’) were extracted using the ‘explode’ function
on Embase, Medline and PsycInfo. These studies, and those
from other sources, such as reference lists of review articles,
were pooled with those identified using search terms. Stud-
ies were extracted and screened using reference management
software Endnote. All stages of the search strategy and data
extraction were carried out by two independent research-
ers (PJ, LT), under the supervision of the lead author (SR).
There was regular checking and consultation on this process
between the research team to ensure that relevant articles
were not overlooked.

Studies were included in the review if they were pub-
lished in a peer-reviewed journal; written in English; used
quantitative research methods of any study design; had a
sample size of N>5; tested clinical populations with either
a formal mental health diagnosis from manuals such as ICD
or DSM or, more informally, reported symptoms that could
be interpreted as consistent with recognized mental health
conditions; tested a virtual reality-based relaxation interven-
tion; and measured relaxation or relaxation-related variables.
Studies were excluded if they were abstracts, conference pro-
ceedings, dissertations, non-empirical, reviews, used only
qualitative methods, or targeted specific, non-clinical anxie-
ties, for example, dental anxiety or exam anxiety. The review
used a narrative approach to synthesize findings. Findings
were analyzed in terms of feasibility (i.e., safety, accessi-
bility), acceptability (i.e., user experience, lack of adverse
effects), and effectiveness (i.e., outcomes, impact on mental
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health symptoms). In the event of any discrepancies or disa-
greement between researchers on the search strategy and
data extraction, studies were discussed between the research
team (SR, PJ, LT) until discrepancies were resolved.

Quality assessment

Quality rating was carried out by four independent reviewers
(PJ, LT, CF, JL), under the supervision of the lead author
(SR), using the Effective Public Health Practice Project
(EPHPP) tool. EPHPP has good content and construct valid-
ity, and inter-rater reliability [18], and can provide consistent
quality ratings for a range of study designs. EPHPP’s six
subscales (selection bias, study design, confounders, blind-
ing, data collection methods, and withdrawals and drop-outs)
are given a rating of ‘strong’, ‘moderate’, or ‘weak’. A global
rating for each study is calculated. Studies receive a global
rating of ‘strong’ if there are no weak subscale ratings,
‘moderate’ if there is one weak subscale rating, and ‘weak’ if
there are two or more weak subscale ratings. EPHPP reclas-
sifies randomized controlled trials (RCTs) as controlled
clinical trials (CCTs) if studies do not report information
on method of randomization. Discrepancies in ratings were
discussed between researchers (SR, PJ, LT, CF, JL) and stud-
ies were re-evaluated until consensus was reached.

]

Records removed before
screening:
Duplicate records removed (n
=1539)

Records identified (n= 4554)
Databases: Embase (n=1679);
Medline (n=1052); Psyclnfo (n =
806); Web of Science (n=1008); Records removed for other
Registers (n= 0); Other sources reasons (n=0): Book sections
(n=4) (n=0); Books (n=0);
Dissertations (n=0)

Records screened
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!

Reports sought for retrieval Reports not retrieved
—
(n=26) (n=0)

)

Reports assessed for eligibility
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v
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»| Records excluded
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Reports excluded:
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published in a peer-review
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Studies included in review
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Included

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram of studies investigating virtual reality relaxa-
tion for people with mental health conditions

Results
Study characteristics

A total of 4,550 studies were identified through database
searching and an additional four studies were identified from
other sources. From this total, 26 full papers were screened,
and of these, eighteen studies, published between 2008 and
2021, met inclusion criteria and were included in the review.
See Fig. 1 for the PRISMA diagram. See Table 1 for full
details of study characteristics. Most of the eighteen studies
were from European research groups (N=11); specifically,
studies were conducted in Italy (N=6), The Netherlands
(N=3), Singapore (N=2), Australia (N=1), Canada (N=1),
France (N=1), South Korea (N=1), Taiwan (N=1), United
Kingdom (N=1), and United States of America (N=1). In
total, 848 participants took part in the studies. Almost all
studies tested working-age adult participants, who were
mostly female. There were four RCTs and nine CCTs. Study
samples ranged from eight to 175 participants; seven studies
had samples of over 50 participants; and two studies used
the same sample due to the participants being followed up
three months after the initial study [19, 20]. Thirteen VR
interventions had interactive components for participants to
engage with and five were passively viewed by participants.
Sixteen interventions were facilitator-led, one was self-led
by participants in their homes, and in one case, this aspect
of the intervention was unclear.

Fifteen studies tested samples of participants with one
specific mental health condition. Six studies tested people
with Generalized Anxiety Disorder [21-26]. Three stud-
ies tested people experiencing stress, such as posttraumatic
stress [27], high stress [28], and stress-related problems [29].
Three studies tested people who experienced emotional eat-
ing in the context of obesity [19, 20], including with high
anxiety [30]. Two studies tested people with depression,
including Major Depressive Disorder and Bipolar Disorder
with a depressive episode [31], and in the context of suici-
dality [32]. One study tested people with psychosis [33].
Three studies tested mixed samples of participants with a
range of different diagnoses. One study tested participants
with mental health conditions such as anxiety, bipolar dis-
order, depressive, and psychotic disorders, where 30% had
an anxiety-related disorder [34]; another study tested mostly
male adolescent participants with attention deficit hyperac-
tivity disorder (ADHD) or autism spectrum disorder (ASD),
accompanied with anxiety and behavioral problems [35];
and another tested participants with depression, bipolar dis-
order, or schizophrenia [36]. Thirteen studies tested outpa-
tient service users and five studies tested inpatient service
users on psychiatric wards, including one study that took
place in a psychiatric intensive care unit with a male sample

@ Springer
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[33]. Most studies on outpatient participants were conducted
in labs, apart from the study on adolescents with ADHD or
ASD, which was conducted in a specialist school [35] and
another which involved participants of various diagnoses
accessing content remotely using an HMD at home [34].
Studies varied considerably in number of VR relaxation
sessions offered. One study used 20 sessions of VR relaxa-
tion, two studies used 12, three studies used eight, two stud-
ies used six, two studies used three, three studies used two,
and five studies used one. All studies used a range of nature-
related scenes, such as forests, islands, mountains, lakes,
waterfalls, and most commonly, beaches. One study involved
cycling through virtual forests and parks while seated on a
real-world static bike [26]; but all other studies involved par-
ticipants in a stationary position, generally seated, wearing
an HMD, often with relaxing narratives or audio. Six studies
involved participants using biofeedback to control in-game
play, on a tropical island, a trekking path, or underwater, in
order for users to change features of the virtual environment,
such as the movement of a waterfall or the waves of the sea,
or the intensity of a campfire on a beach [22-24, 28, 29,
35]. In these biofeedback-assisted studies, biofeedback data,
such as a participant’s heart rate, could be used to reduce the
intensity of the virtual campfire until it disappeared or could
make the virtual sea calmer. Some studies used stressful
virtual environments or exercises, such walking on a vir-
tual shaky path, words or images related to stressful events,
or a mathematical task, against which to compare virtual
relaxation environments [22, 28]. Seven studies incorporated
standard, non-virtual relaxation techniques, such as progres-
sive muscle relaxation [21] and guided meditation using an
audio track [34], in combination with the VR relaxation.
One study reported follow-up sessions, which occurred three
months after patients were discharged from hospital follow-
ing treatment for emotional eating [20]. HMDs used in the
studies were Samsung Gear (N=3), HTC Vive (N=2), Sony
Glasstron (N=2), Vuzix iWear (N=2), Dell Visor Windows
(N=1),iTVGoggles (N=1), model ITG-PCX3 (N=1), Ocu-
lus Go (N=1), and Sensics zSight (N=1). One study used
3D wraparound projection technology, using two projectors,
to display the 3D environment [26]. Three studies did not
report HMD models [22, 30, 32]. Most studies used different
software, and several did not provide software information.

Evidence of feasibility, acceptability,
and effectiveness

Studies used self-report scales to measure relaxation, mood,
anxiety, worry, and perceived stress [21-23, 26, 34, 36].
Other measures, such as observational teacher reports, were
used to measure behavioral problems [35]. Some studies
used physiological measurements, such as heart rate and
galvanic stress response, as indicators of stress [22, 31, 36].

@ Springer

All studies had findings that indicated that VR relaxation
is feasible, including in non-lab-based settings, such as
psychiatric wards for various mental health conditions [33,
36] and in a specialist school [35]. Studies reported that
VR relaxation is accessible [25] and can reduce pressure
on clinicians [27, 31]. Studies indicated that nature-based
VR environments are feasible as a low-intensity treatment
for people with mental health conditions [26, 34], including
for people who experience severe and acute conditions [33],
and especially where participants lack access or exposure
to real-world nature [25]. Most studies reported no user dif-
ficulties. A small number of participants in a minority of
studies sometimes observed discomfort with HMDs [19] or
experienced other user difficulties [23]. One study reported
participants experiencing cybersickness, the phenomenon of
motion sickness experienced in VR, which resulted in two
drop-outs [34]; while others indicated some visual discom-
fort [33] and discomfort wearing HMDs over glasses [36].
However, all studies indicated overall acceptability of VR
relaxation. Participants mostly reported that VR relaxation
was calming [27, 32], helpful [31], enjoyable [27], relax-
ing [25, 33], useful [23], and an experience that they would
recommend to others [27, 36].

Studies indicated that VR relaxation led to short-term
improvements in levels of relaxation, and most reported
reduced anxiety or stress. In most studies that included
another, non-virtual form of relaxation exercise as a con-
trol condition, this exercise was also found to improve
levels of relaxation and stress. However, VR relaxation
was always more effective or equally effective when com-
pared to the non-virtual relaxation exercises. Six studies
measured perceived stress and reported improvements in
levels, experience, or management of stress, four of which
were RCTs or CCTs. Five of these studies showed signifi-
cantly greater short-term improvements in stress levels, and
experience of stress, following VR relaxation [26, 28, 29,
31, 36]. Studies also found post-VR reductions in worry
[21-23], hopelessness [32], and negative affect [32, 34].
Four studies reported a decrease in depression or depres-
sive symptoms [19-21, 31]. Studies also found an increase
in positive affective states [27, 32, 34], positive emotions
[30], positive thinking [31], and quality of life [21]. One
CCT reported lower levels of subjective anxiety in both
experimental and control groups with generalized anxiety
disorder; however, physiological markers confirmed more
significant changes in the experimental group who expe-
rienced VR relaxation [25]. Another CCT highlighted the
effectiveness of nature exposure in VR, as outpatients with
generalized anxiety disorder had significantly reduced lev-
els of stress compared to an alternative, non-nature-based
environment [26]. One large CCT, with the largest sam-
ple size (N=175) of all studies included in this review,
found that outpatients with significant stress at baseline
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could experience stress in more functional ways after three
sessions of VR relaxation [29]. The small cohort study
(N=28) on adolescents with ASD and ADHD found that
a biofeedback game reduced short-term state anxiety and
disruptive classroom behavior [35]. The only study report-
ing longer-term data was an RCT that collected follow-up
data from 36 inpatient female adults with eating disorders.
This study found improved self-efficacy in eating after VR
relaxation, which was supported by follow-up data after
three months. Reduction in trait anxiety was also observed
at follow-up [20].

Quality ratings

Eleven studies were given a global EPHPP rating of
‘strong’, four were rated ‘moderate’, and three were rated
‘weak’. See Table 2 for full-quality ratings. All ‘strong’
studies reported positive outcomes. All studies were mod-
erate for selection bias as they were all judged to be some-
what likely to be representative of the target population.
Thirteen of the eighteen studies were rated as strong for
study design. In some cases, studies that described them-
selves as RCTs in the published paper were reclassified
in the review as CCTs because the studies did not report
information on method of randomization. Twelve out of
eighteen studies were rated as strong for their controlling
of confounding variables, and the remaining studies were
weak, as little or no information was provided. All stud-
ies were rated moderate for blinding as information about
whether the outcome assessor was aware of the interven-
tion or whether the participants were aware of the research
questions was not provided. For data collection methods,
seven out of eighteen studies were rated strong, as they
reported both validity and reliability. Twelve of the eight-
een studies were rated strong for withdrawals and dropout,
as 80-100% of their participants completed the study.

Discussion

This systematic review aimed to narratively synthesize cur-
rent evidence of feasibility, acceptability, and effectiveness
of VR relaxation for people with mental health conditions.
The review included eighteen studies; there were thirteen
controlled studies, of which seven were RCTs. Seventeen
studies tested adult participants, with a range of mental
health conditions, mostly anxiety and stress-related; and one
study tested adolescents with ASD and ADHD. All studies
used nature-based VR environments and provided evidence
of feasibility, acceptability, and short-term effectiveness of
VR relaxation to promote relaxation and reduce stress. A
minority of studies highlighted emerging evidence for the
applicability of VR relaxation to support service users on

psychiatric wards; and for its application to a wider range of
more severe mental health conditions, such as eating disor-
ders, depression, bipolar disorder, and psychotic disorders.
This wider application is consistent with previous research
that indicates that VR is a tool that can support social func-
tioning impairments in people with more severe mental
health conditions, such as psychosis [37-39].

Although some of the comparison conditions, such as
guided meditation and progressive muscle relaxation, were
also found to be effective in aiding relaxation and reduc-
ing symptoms of anxiety, low mood, and stress [21, 34],
the general outcome was that VR relaxation was more or
equally effective compared to these other, non-VR-based
relaxation interventions. This indicates that VR relaxation
has potential to supplement existing relaxation techniques
or provide users with alternative relaxation and stress-
reduction options.

VR relaxation is a low-effort intervention in terms of
attention and concentration due to its immersive nature; it
has a standalone use; it has fewer requirements from staff
and is less time intensive; and it can be used autonomously,
even in the home. VR relaxation could be especially help-
ful during and after the COVID-19 pandemic, given that
the pandemic has led to the increase and exacerbation of
mental health problems [40]. This application may be espe-
cially timely given that VR has recently become much more
affordable and more accessible in portable ways, and so this
technology is likely to be available to more users than ever
before [34, 41]. Nevertheless, the digital divide remains a
significant problem and is highly likely to exclude people
from lower socioeconomic backgrounds and various other
groups who may be less likely to have access to technol-
ogy, such as older adults [42]. Given that people from lower
socioeconomic backgrounds are at greater risk of developing
mental health problems, VR relaxation interventions may
be less likely to reach this population and so this remains an
ongoing challenge to make effective digital interventions
more accessible [43].

Strengths and limitations of studies included
in the review

Strengths of the studies included in this review are the inno-
vative use of technology; the commonalities in VR environ-
ments and measures of stress, anxiety, and relaxation, which
enables comparison between studies; and the frequent use of
control groups and standardized pre- and post-intervention
measures, which meant that the overall quality of the studies
was acceptable.

Limitations of the studies include the small clinical
samples in several studies; lack of large RCTs; and testing
mostly working-age adults, female participants, and clini-
cal samples with mainly anxiety disorders or stress-related
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Table 2 Quality assessment using Effective Public Health Practice Project of studies of virtual reality relaxation for people with mental health

conditions
Study A. Selection bias B. Study design C. Confounders D. Blinding E. Data collec- F. Withdraw- Global rating
tion method als and drop
out

Bossenbroek MODERATE MODERATE STRONG MODERATE STRONG STRONG STRONG
et al. [35]
(2020)

Gorini et al. [22] MODERATE STRONG WEAK MODERATE MODERATE WEAK WEAK
(2010)

Habak et al. [32] MODERATE MODERATE STRONG MODERATE MODERATE STRONG STRONG
(2021)

Kimetal. [28] = MODERATE STRONG WEAK MODERATE MODERATE STRONG MODERATE
(2021)

Maarsingh et al. MODERATE MODERATE WEAK MODERATE STRONG WEAK WEAK
[29] (2019)

Malbos et al. MODERATE STRONG WEAK MODERATE MODERATE MODERATE MODERATE
[21] (2020)

Manzoni et al. MODERATE STRONG STRONG MODERATE MODERATE STRONG STRONG
[19] (2008)

Manzoni et al. MODERATE STRONG STRONG MODERATE MODERATE MODERATE STRONG
[20] (2009)

Mark et al. [33] MODERATE MODERATE STRONG MODERATE WEAK STRONG MODERATE
(2021)

Mistry et al. [27] MODERATE STRONG WEAK MODERATE MODERATE STRONG MODERATE
(2020)

Pallavicini et al. MODERATE STRONG STRONG MODERATE MODERATE STRONG STRONG
[23] (2009)

Repetto et al. MODERATE STRONG STRONG MODERATE MODERATE STRONG STRONG
[24] (2013)

Rivaetal. [30] MODERATE STRONG WEAK MODERATE WEAK WEAK WEAK
(2008)

Shah et al. [31] MODERATE MODERATE STRONG MODERATE STRONG STRONG STRONG
(2015)

Tan et al. [36] MODERATE STRONG STRONG MODERATE STRONG STRONG STRONG
(2021)

Tarrant et al. MODERATE STRONG STRONG MODERATE STRONG MODERATE STRONG
[25] (2018)

Veling et al. [34] MODERATE STRONG STRONG MODERATE STRONG STRONG STRONG
(2021)

Wang et al. [26] MODERATE STRONG STRONG MODERATE STRONG STRONG STRONG
(2020)

Total 0 STRONG; 18 13 STRONG; 5 12 STRONG;0 0STRONG; 18 7 STRONG; 9 12 STRONG; 11 STRONG; 4

MODERATE; = MODERATE; MODERATE; MODERATE; = MODERATE; 3 MODER-  MODERATE;
0 WEAK 0 WEAK 6 WEAK 0 WEAK 2 WEAK ATE; 3 3 WEAK
WEAK

problems, which limits generalizability, especially to other
genders, age groups, and other mental health conditions.
Use of mixed diagnosis samples could be interpreted as a
weakness in that it can hinder comparison between studies;
but it could also be perceived as a strength because stress
is a transdiagnostic factor in many mental health conditions
and DSM and ICD classifications are not neatly defined in
clinical practice, given the many comorbidities, overlapping
symptoms, and subthreshold symptoms. Most studies used
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self-report measures to assess relaxation, stress, and other
outcome variables, and therefore their findings could be sub-
ject to researcher or participant bias. Use of physiological
outcome measures was limited, which would be one way to
address this bias. A major limitation of the research is lack
of evidence of longer-term benefits of VR relaxation for peo-
ple with mental health conditions given that only one study
collected follow-up data. This is consistent with a similar
finding about short-term evidence and lack of longer-term
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data in non-clinical samples [15]. Other methodological
issues such as lack of controlling for potential confound-
ing variables and lack of information on randomization and
blinding also weakens the research. Given the dominance
of positive findings, it is also possible that the literature is
subject to publication bias.

Overall, studies indicate emerging evidence for the poten-
tial of VR relaxation for mental health service users, espe-
cially to treat anxiety or stress-related problems. However,
at this stage, one should be cautious about making stronger
claims about its effectiveness or about its application to a
wider range of mental health conditions.

Strengths and limitations of the review

This is the first systematic review to narratively synthesize
the current evidence of feasibility, acceptability, and effec-
tiveness of VR relaxation for people with mental health
conditions. The review included a comprehensive search
strategy, using a combination of formal searches of four
databases and non-indexed reference lists. The review used
the EPHPP, which is an evidenced tool that assesses the
methodological quality of quantitative studies, and was
administered by independent reviewers, thus strengthening
the methodological rigor of the review.

Important limitations of the review include the limited
number of studies, and lack of standardization of interven-
tions, conceptual definitions, and measures within the exist-
ing research. For instance, the concept of relaxation was
interpreted and measured in the included studies using a
variety of self-report surveys, physiological parameters,
and qualitative observations, which lacks consistency and
limits comparisons within the review. Similarly, despite the
dominant use of nature-based themes, virtual environments
used in the studies were not standardized, including both
animated and video content; and there was great variation in
HMDs and software, intervention tasks, level of interactiv-
ity, and number and duration of sessions, which also limits
comparison between studies. In some cases, the interactiv-
ity component comprised participants making choices about
which environments they explored, whereas other interven-
tions included more active, gamified elements to the inter-
activity. Similarly, the role and level of input of facilitators
was unclear and not standardized across studies. The review
deliberately and necessarily employed a broad concept of
mental health, including clinical samples with recognized
diagnoses or conditions, symptoms consistent with a mental
health diagnosis, and mixed samples of various diagnoses
and conditions. This broad approach was intended to pro-
vide a comprehensive review of the clinical interventions
that have been tested in what is still a relatively new field
of research with a limited number and range of studies, but
it could be interpreted as a limitation, and the broad scope

of the review should be considered when interpreting the
findings.

Lack of inclusion of gray literature, lack of qualitative
research, and a search strategy that used a limited number
of academic databases means it is possible the review has
not included all studies relevant to VR relaxation for people
with mental health conditions and, therefore, there may be
additional evidence excluded from this review. Given that
the EPHPP tool reclassifies RCTs as CCTs if they do not
adequately describe the randomization method, regardless
of whether the published paper describes itself as an RCT, it
could be argued that the review underreports the number of
RCTs in this area of research. Perceived limited information
on certain domains, e.g., confounders, by researchers may
also have impacted on quality ratings of studies.

Clinical applications

A previous systematic review on VR relaxation for the gen-
eral population highlighted its possibility as a low-intensity
intervention for people with mental health conditions [15].
This review is consistent with that finding and shows that
most of the evidence for VR relaxation as a clinical interven-
tion is in anxiety and stress-related problems, suggesting the
possibility of piloting the VR relaxation in anxiety clinics;
but the findings also suggest the potential of VR relaxation
for service users with a wider range of mental health diagno-
ses. Given that stress is a major trigger and ongoing problem
in a range of mental health conditions, including for people
with severe mental health conditions on psychiatric wards,
its application may be wider, as indicated by some of the
inpatient studies included in this review.

There is now considerable research integrating VR with
cognitive behavior therapies [12, 44]. There may be ways of
integrating VR relaxation with cognitive behavioral therapy,
as a behavioral means of coping with stress. In cognitive
behavioral interventions that use VR relaxation, it may be
helpful to work with service users to develop real-world
applications for their relaxation practices that build on the
experiential learning gained in the VR, as a way of creating
a treatment that has sustainability and is tailored to individu-
als [45]. However, it is also important to recognize that VR
relaxation has potential as a standalone intervention, that
can stand apart from other psychosocial interventions, and
gives people with mental health problems the same access
to relaxation as the general population.

The increased availability, accessibility, and portability
of VR indicates that VR relaxation may be a useful method
of prevention, management, and treatment of mental health
problems outside of the clinic, including at the homes and
workplaces of people with mental health problems [15, 46,
47]. It could be particularly beneficial for those who lack
access to real-world nature, such as people living in urban
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areas or those with mobility difficulties. Some caution to
this interpretation might need to be applied to conditions
like social anxiety, where use of home-based VR relaxa-
tion as a coping strategy might reduce beneficial exposure
to real-world social situations, and inadvertently function as
a maintenance factor or safety behaviour, potentially wors-
ening symptoms [48]. Nevertheless, there are people with
mental health conditions who can access real-world nature
but do not do so because of their mental health problems,
and VR relaxation may be a way to overcome this problem
and make relaxation easier.

Future research

Future research should prioritize longitudinal studies to
assess if there are sustained, longer-term benefits of VR
relaxation for people with mental health conditions. These
studies should aim to provide greater standardization of
interventions, definitions, and measures; recruit larger num-
bers from more diverse populations, including a wider range
of mental health conditions, and a variety of age groups,
including young people and older adults, to aid generalis-
ability. Mixed diagnosis samples powered adequately to
perform subgroup analysis could be a useful dimension to
this research. Service users should be involved in this future
research and have a key role in development of VR relaxa-
tion interventions. A key next step would be to evaluate VR
relaxation for people with mental health conditions in more
naturalistic clinical and non-clinical settings, such as clin-
ics, psychiatric wards, or in the home. These settings would
provide further evidence of VR relaxation as a protective
measure to reduce the strain on mental health services, espe-
cially given that existing studies are mainly conducted in
laboratory settings. Future reviews of the literature might
also consider using specific theoretical models of technology
to provide a more in-depth analysis of the research.

Given the dominance of nature-based scenes in the envi-
ronments, it would be useful to evaluate the importance of
HMDs by comparing VR-based nature with similar scenes
on 2D screens, including on mobile devices, particularly
given the ultra-high-definition quality of many 2D screen
projections, as this may provide a different kind of immer-
sive user experience. Although 2D interventions are likely to
be less immersive and experiential and may not hold users’
attention so effectively, they may still promote relaxation and
reduce stress for people with mental health conditions. This
may be one way to make these benefits available to a wider
audience, potentially using technology that is likely to be
more easily accessed or already possessed by many mental
health service users.
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Conclusion

This is the first systematic review to narratively synthesize
current evidence on VR relaxation for people with mental
health conditions. All studies used nature-based VR envi-
ronments and indicated that they are feasible, acceptable,
and effective in the short term to promote relaxation and
reduce stress, especially for people with anxiety disorders
and stress-related problems. Despite methodological limita-
tions, this appears to be a promising intervention for peo-
ple with mental health conditions and an important area of
future research.
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