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Abstract

Background: Virtual Reality (VR) is increasingly used in health-related fields and interventions using VR have the
potential to be powerful tools in patient management. The aim of this study was to synthesize the effects of VR
interventions for people with mild cognitive impairment (MCl) or dementia.

Methods: Electronic databases were searched to identify studies that used an experimental design to investigate
VR intervention outcomes for patients with MCl or dementia. Studies were excluded if the intervention did not
focus on VR, if relevant quantitative outcomes were not reported, or if the intended study purpose was assessment
or diagnosis. Data were extracted and analyzed from studies that met criteria. To synthesize the intervention effect
sizes (ES), we used random effects models to accommodate heterogeneity in the main effect and sub-group
analyses. To identify the potential reason for heterogeneity and compare ES according to the moderator variables,

cognitive decline.

subgroup analyses were conducted based on study characteristics and intervention outcomes.

Results: Data from eleven studies that met eligibility criteria were analyzed. VR intervention delivered to
participants with MCl or dementia produced small to medium effects (ES=10.29, CI=0.16, 0.42). The ES for studies
using semi-immersive technology (ES =0.37, CI=0.25, 049) was greater than the studies using full-immersive VR
(ES=0.03, CI=-0.14, 0.21). The results showed small-to-medium effects for VR interventions affecting key outcome
variables such as cognition (ES =042, Cl=0.24, 0.60) and physical fitness (ES=041, CI=0.16, 0.65).

Conclusion: VR interventions, particularly of the semi-immersive type, are useful for people with MCl or dementia.
These results should contribute to the establishment of practical guidelines for VR interventions for patients with
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Introduction

Dementia is one of the major causes of disability and de-
pendency among older people. According to the World
Health Organization, the number of patients with de-
mentia worldwide is currently estimated at 47 million,
and this is expected to increase to 75 million by 2030
and nearly triple by 2050 [1]. The estimated cost of de-
mentia to the global economy increased by 35% from
2010 to 2015 [2]. Mild cognitive impairment (MCI) is an
intermediate stage of cognitive change, between normal
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aging and dementia; the distinction between MCI and
dementia is determined by the severity of cognitive de-
cline leading to functional impairment [3]. Among eld-
erly Chinese, the prevalence of overall MCI was 20.8%,
with higher rates in rural than in urban areas [4]. In a
representative Spanish sample, the overall prevalence of
MCI was 9.6%, with higher rates in older people and
women than in younger people and men [5].

People with cognitive decline report decreased stress
when using virtual reality (VR) for both stimulation and re-
laxation [6]. Patients with cognitive decline may critically
benefit from the implementation of VR technology interact-
ing in a multisensory fashion through quasi-naturalistic,
realistic stimuli [6-9]. VR interventions have increasingly
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been applied to address phobias, stress, and anxiety in psy-
chotherapy [6] and behavioral therapy [10] as well as in the
diagnosis of dementia [11]. VR offers cost-effective, access-
ible, flexible, and comprehensive interventions for patients
who have difficulty attending outpatient appointments due
to distance, lack of transport, or disability [6, 12]. Given the
increasing use of VR in health-related fields, interventions
using VR have the potential to be powerful tools in patient
management. VR integrates real-time computer graphics,
body tracking devices, visual displays, and other sensory in-
puts, which can be utilized to provide long-term and indi-
vidualized care for patients with dementia [6]. To our
knowledge, guidelines on VR intervention development
and the length and dose of effective VR interventions are
also lacking. Consequently, this study aimed to synthesize
the effects of VR for patients with MCI or dementia.

A systematic review by Coyle et al. [13] examined com-
puterized and VR cognitive training with individuals at
high risk for cognitive decline. Further, the effectiveness of
multisensory stimulation for individuals with dementia
[14] and the use of VR to promote motor recovery in
stroke rehabilitation [15] have been reviewed. Other meta-
analyses have reviewed the efficacy of VR in examining be-
havioral assessments [10] and cognitive rehabilitation for
brain injuries [16]. However, because the existing litera-
ture has mainly focused on the diagnosis of dementia
using VR, studies examining the effects of VR intervention
are limited and the literature in this area is in its infancy.

A meta-analysis allows researchers to review and assess
knowledge in important areas and facilitates evidence-
based practice. This statistical technique allows researchers
to derive comprehensive results and an objective verifica-
tion of intervention effectiveness by applying statistical
methods to the results of existing scientific studies [17]. By
using a meta-analysis, researchers can synthesize findings
from studies that are methodologically different to compare
the effects of a particular intervention. Important questions
in a meta-analysis are whether the methodological, context-
ual, or substantive differences are related to variation in
effect-size parameters.

Virtual environments are defined as “interactive, vir-
tual image displays enhanced by special processing and
by non-visual display modalities: to convince users that
they are immersed in a synthetic space” [18]. VR is an
artificial environment that is created with software and
hardware and presented in which users can have close-
to-reality experiences [7, 9, 19] VR resembles real-life
situations and patients feel the sensation of “presence”
or “being there” [7]. Giving immediate performance
feedback and offering a personalized environment as
well as a higher degree of similarity with the real world
could further engage participants [8].

VR systems can be classified into several types accord-
ing to the virtual environment (e.g., desktop, goggles-
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and-gloves, large screen, virtual room) and type of inter-
action technique (e.g., full- immersive, semi-immersive,
non-immersive, and passive or active interaction) [6].
VR systems consist of 3D displays that effectively place
the patient inside the virtual environment for the highest
level of immersion [8]. The simplest form of VR is a 3-D
image that can be explored interactively on a personal
computer, usually by manipulating keys or the mouse, so
that the content of the image moves in some direction
or zooms in or out. However, more sophisticated ap-
proaches include wrap-around display screens, actual
rooms augmented with wearable computers, and haptic
devices that let people feel the display images [19].

During VR training, including Wii, participants use
wireless controllers to interact with the on-screen ava-
tars via the VR motion detection system. VR training
using visual feedback enables participants to see their
own movements, a feature that has helped patients ad-
just their misaligned body center caused by body image
damage. In addition, studies show that training serves as
a catalyst to active task participation by inducing interest
and pleasure and providing immediate visual feedback
on performance to enhance motor skills [20, 21].

The aim of this study was to synthesize the effects of
virtual reality for people with MCI or dementia. The
specific research questions considered are as follows:

(a) What is the overall magnitude of the effect of VR
for patients with MCI or dementia?

(b) Which level of dementia stage (MCI, dementia) and
intervention setting (community, institution) have
the most influence on VR effect size?

(c) Which VR methodology type (game, task) and
interaction type (semi-, full-immersive) have the
most influence on intervention effect size?

(d) Which study method variables (random allocation)
and evaluation methods (self-reported, observer)
have the most influence on VR effect size?

Methods

Data sources and searches

A systematic search using the following designated keyword
combinations were used to search eligible articles: (“demen-
tia” OR “Alzheimer’s disease” OR “mild cognitive impair-
ment” OR “cognitive impairment”) AND (“virtual reality”
or “virtual”) without time limit. This study was conducted
following the guidelines recommended by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement [22]. To identify relevant studies, researchers
conducted a systematic search of the following electronic
databases: EBSCO, PubMed, ScienceDirect, and compre-
hensive Korean databases including the Korean Medical
Database, Research Information Sharing Service, and Na-
tional Digital Library.
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The search results were restricted to studies meet-
ing the following inclusion criteria: [1] included a VR
intervention; [2] participants had MCI, dementia, or
Alzheimer’s disease (AD); [3] utilized an experimental
design including a control group, case series, random-
ized or non-randomized design; and [4] were available
in full text in English or Korean. Studies were ex-
cluded if the intervention did not focus on VR, if
relevant quantitative outcomes were not reported, or
if the intended purpose was assessment or diagnosis.
Further, conference proceedings, case reports, and lit-
erature reviews were excluded because they failed to
yield effect sizes.

Screening process

The screening process was conducted by a researcher (JH)
and a research assistant (ES). To avoid selection bias, the
initial online search was conducted independently by JH
and ES. After exclusion of duplicate studies, titles and ab-
stracts were reviewed; if an abstract was considered rele-
vant or ambiguous, the full text was reviewed jointly,
using inclusion and exclusion criteria. Any disagreements
in study selection were resolved by discussion until con-
sensus was reached.

The initial electronic database search yielded 768 po-
tentially relevant articles; however, 206 duplicates were
excluded. Then, the remaining 562 titles and abstracts
were scanned to identify potentially relevant studies.
Five-hundred thirty-five did not match the inclusion cri-
teria due to: different target population (n =91), litera-
ture reviews (1 = 63), non-experimental studies (1 = 84),
or irrelevant/non-VR outcomes (n =297). Next, 27 full
reports were obtained. Of these, 16 were excluded be-
cause they either employed non-experimental studies
(m =5) [23-27], presented insufficient results (n =10)
[28-36], or reviewed the literature [37]. As a result, data
were extracted from a total of 11 studies that met inclu-
sion and exclusion criteria (Fig. 1).

Methodological quality assessment

We assessed the methodological quality of the included
studies using the Risk of Bias Assessment Tool for Nonran-
domized Studies (RoOBANS), which comprises six domains:
participant selection, confounding variables, measurement
of exposure, blinding of outcome assessments, incomplete
outcome data, and selective outcome reporting [38]. Two
authors (OS and JH) assessed the RoBANS for all 11 stud-
ies and rated eligible studies as having either a high risk,
low risk, or uncertain risk of bias. Any disagreements were
resolved until consensus was reached. Eight studies were
evaluated as high risk for a potential bias in the blinding of
outcome assessments. Five studies had a high risk of having
confounding variables. Six studies had a risk of exposure
measurement bias.
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Data extraction

Data were extracted from studies that met our inclusion
criteria by two reviewers (JH and OS) independently. A
coding manual including information regarding effect size
calculations and study characteristics was developed. The
characteristics extracted from each study were: design (year
of publication, country of origin, sample size, control group,
and evaluation level), patient characteristics (age, dementia
stage, and residential status), intervention characteristics
(impairment feature, VR environment, VR type, type of
interaction technique, session length, and dose), and inter-
vention outcomes. The type of interaction was categorized
into three levels of immersion. Interaction with a PC moni-
tor, keyboard, and mouse were non-immersive [39, 40],
more sophisticated graphics with larger surface displays
were semi-immersive, and 3D displays were coded as full-
immersive (i.e., highest level of immersion) [7, 40]. Inter-
vention outcomes in each study were classified as physical
fitness, cognition, emotion, execution, and feasibility. The
evaluation of physical fitness included balance ability, gait,
and fall measures. Cognition included cognitive ability,
memory, concentration, orientation, recall, wording, and
attention. Emotion included anxiety, psychological well-
being, depression, and apathy measures. Verbal response
and performance errors were classified in execution.
Feasibility usually evaluated barriers to, and facilitators of
intervention use, and users’ reported experiences with the
intervention.

Any discrepancies that arose between the two re-
viewers were resolved by discussing the coding differ-
ences. As a result, no discrepancies remained between
researchers for any items in this study, therefore, it was
not necessary to calculate the inter-coder reliability.

Data synthesis and statistical analyses

All effect sizes (ES) were calculated using Comprehen-
sive Meta-Analysis version 2 (Biostat, Englewood, New
Jersey). Fixed- and random-effects models address the
problem of heterogeneity in distinct ways. A fixed-
effects model assumes that primary studies have a com-
mon ES. A random-effects model estimates the distribu-
tion in the mean ES, assuming that each primary study
has a distinct population. We used a random-effects
model to accommodate heterogeneity for the main effect
and sub-group analyses.

It has been proposed a conditional random effects
model in which the choice between models depends on
a homogeneity test with the Q-statistic [41]. Significant
Q statistics (p<.01) were identified as heterogeneous.
To identify the potential reason for heterogeneity and
compare the ES according to the moderator variables,
subgroup analyses were conducted based on study char-
acteristics and intervention outcomes.
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Evidence of publication bias was assessed by the
“fail-safe N method,” which calculates how many
missing studies are needed to nullify the effect [42,
43]. Because we needed a large number of studies to
nullify the effect, publication bias was not a concern.
In this study, the number of missing studies that
would bring the p-value above .05 was 956 (Z value
for alpha = 1.959).

To estimate ES of the studies, we used distinct data
formats with appropriate formulae: one-group (pretest
and posttest) and control group (pretest and posttest).
Borenstein et al. [17] commented that systematic reviews
could include studies that used independent and
matched groups because the ES (d or g) has the same
statistical meaning regardless of the study design. There-
fore, there should be no technical barriers to including
studies with different designs in the same analysis.
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Utilizing Cohen [44], effect sizes of 0.2, 0.5, and 0.8 were
considered small, medium, and large, respectively.

Results

Study characteristics

Three of the 11 studies (27.2%) assessed MCI or ques-
tionable dementia, and seven (63.6%) focused on pa-
tients with dementia or AD. Only one study addressed
both MCI and dementia. Patients’ age range was 63—89
years. Most studies (72.7%) were conducted in the com-
munity; two (18.2%) were conducted in an institute and
one (9%) was conducted in both the community and an
institute. Interventions were delivered using various VR
platforms including a laptop, game controller, VR audi-
torium, motion sensor, Wii, virtual partner, virtual city,
or 3D LCD glasses. Semi-immersive type (82.8%) was
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Table 2 Overall Result of the Meta-Analysis using a Random
Effects Model

N —95%Cl ES
11 0.16 0.29

+95%Cl SE
042 0.06

Abbreviations: Cl confidence interval, ES effect size, N number of studies, SE
standard error

the most commonly used and a full-immersive type was
applied in two studies (18.2%; Table 1).

Overall analysis

When the studies were combined in the meta-analysis,
high heterogeneity was observed (Q =21.572, p <.001).
Concerning MCI or AD, VR produced small-to-medium
effect sizes using the random-effects model (ES =0.29,
CI=0.16, 0.42) (Table 2 and Fig. 2).

Effect sizes per study characteristics

The meta-analysis provided 70 effect sizes from 11 pri-
mary studies. The results of a meta-analysis of the mod-
erators of effects in VR for patients with dementia are
shown in Table 3. VR interventions for patients with
MCI resulted in greater effects (ES=0.40, CI=0.23,
0.58) than did interventions for patients with dementia
(ES=0.35, CI =0.18, 0.51), or for the mixed group (ES =
0.03, CI =-0.18, 0.25). Studies conducted in the commu-
nity (ES=0.33, CI=0.21, 0.45) had larger effect sizes
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than those conducted in an institution (ES=0.10, CI=-
0.25, 0.46), or in both the community and an institution
(ES=0.07, CI=-0.28, 0.43). Six studies used two-group
posttest, one study used a control group, and four stud-
ies used the one-group design. Regarding experimental
and control group allocation, random allocation (ES =
0.36, CI=0.18, 0.53) and no randomization (ES =04,
CI=0.19, 0.61) showed small to moderate effects, which
were larger than those with a one-group design (ES =
0.15, CI=-0.01, 0.33).

For methodology type, VR using a task (ES =0.32, CI =
0.20, 0.45) resulted in a larger effect than VR using a
game (ES = 0.21, CI =0.01, 0.42). Regarding type of inter-
action technique, studies using semi-immersive technol-
ogy (ES=0.37, CI=0.25, 0.49) had a greater effect than
studies using full-immersive technology (ES = 0.03, CI = -
0.14, 0.21). Lastly, regarding type of evaluation, effect
sizes were higher for self-reported evaluation (ES =0.31,
CI=0.10, 0.52) than for observer-reported evaluation
(ES =0.30, CI =0.19, 0.42).

Effect sizes according to intervention outcomes

Regarding the VR intervention outcome, the effect size
of cognition (ES =0.42, CI=0.24, 0.60) was higher than
that of physical fitness (ES =0.41, CI=0.16, 0.65), emo-
tion (ES=0.14, CI=-0.07, 0.36), execution (ES=0.07,

Upper z.value p-Value

Std diff in means and 95% CI

0.697 —l—
0.800
0.000 —T
0.686 —
0.054 0
0.001 —i—
0.002 ——
0.000 ——
0.047 —i—
0.479 =
0.853 -
0.000 ‘
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Study name Statistics for each study

Std diff Standard variance Lower

in means error limit limit
Manera (2016)  0.037 0.095 0.009 -0.149 0.223  0.390
Lancioni(2015)  0.129 0.508 0.258 -0.867 1.124 0.253
Man(2011) 0.655 0.145 0.021 0.372 0.938 4.531
Flynn(2003) 0.074 0.184 0.034 -0.286 0.435 0.404
Serino(2017) 0.329 0.171 0.029 -0.006 0.664 1.926
Hwang(2017) 0.443 0.131 0.017 0.187 0.700 3.387
Schwenk(2016) 0.373 0.122 0.015 0.135 0.611 3.072
Lee(2017) 0.448 0.118 0.014 0.217 0.678 3.809
Burdea(2015) 0.214 0.108 0.012 0.003 0.425 1.987
Park(2016) 0.225 0.318 0.101 -0.398  0.849 0.709
Moley(2017) 0.042 0.225 0.050 -0.399 0.482 0.185

0.295 0.066 0.004 0.165 0.424  4.454

Fig. 2 Forest Plots for Primary Studies
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Table 3 Effect Sizes by Subgroup according to Study Characteristics
Subgroup Categories k 95%Cl ES + 95%Cl p SE
Dementia stage Dementia 44 0.18 035 0.51 000 0.07
MCI 18 023 040 0.58 .000 0.08
Dementia+ MCI 8 -0.18 0.03 0.25 749 0.10
Institution Community 61 0.21 033 045 000 0.06
Mixed 5 -0.28 0.07 043 686 0.14
Institution 4 -0.25 0.10 046 575 0.18
Methodology type Game 9 0.01 0.21 042 047 0.10
Task 63 020 032 045 .000 0.06
Type of interaction technique Semi 60 0.25 0.37 049 000 0.05
Full 10 -0.14 0.03 0.21 684 0.09
Randomization Yes 41 0.18 0.36 0.53 000 0.08
No 13 0.19 040 061 .000 044
NA 16 -0.01 0.15 033 065 0.08
Evaluation Self-reported 29 0.10 031 0.52 003 0.10
Observer 38 0.19 030 042 .000 0.05

Abbreviations: Cl confidence interval, ES effect size, k, number of effect size, SE standard error

CI =-0.34, 0.49) or feasibility (ES=0.12, CI =-0.10, 0.34)
(Table 4).

Discussion

The aim of this study was to synthesize the effects of 11
experimental studies that used VR interventions with pa-
tients with MCI or dementia. The results showed small-
to-medium positive effects for VR interventions on key
outcome variables such as physical fitness, cognition,
and emotion. This indicates that VR interventions can
positively affect various clinical outcomes in patients
with cognitive impairment, implying that VR interven-
tions improve cognitive and routine functions by stimu-
lating patients’ brains [6, 54].

In this study, heterogeneity was identified among the
individual studies, so a random-effects model was ap-
plied. Subgroup analysis was performed per the charac-
teristics of the individual studies. This meta-analysis
used a common metric to determine the magnitude of
effects in three different data formats using two-group

posttest (standardized mean difference), control group
(pretest and posttest), and the one-group (pretest and
posttest). All intervention effects were calculated and a
pooled estimate of the standard deviation for the popu-
lation was used. As the ES for random allocation (0.36)
and no randomization (0.40) among the study with con-
trol group were medium, VR interventions were consid-
ered useful for people with MCI or dementia.

The VR intervention effects were greater in those exam-
ining patients with MCI as compared to those examining
patients with dementia or both dementia and MCL In
addition, the outcome effects were greater when the inter-
vention was conducted in the community as compared to
in an institution or both the community and an institution.
Consequently, we posit that VR interventions are most ef-
fective with patients with MCI in a community setting.
Concerning methodology, a task was more effective than a
game. Moreover, semi-immersive technology was more ef-
fective than full-immersive technology including 3D display
and HMD. Perhaps VR-based intervention programs

Table 4 Effect Sizes by Subgroup according to Intervention Outcomes

Subgroup Categories k —95%Cl ES +95%Cl p SE

Intervention Outcomes Physical fitness 12 0.16 041 0.65 001 0.12
Cognition 36 024 042 0.60 .000 0.06
Emotion 10 -0.07 0.14 0.36 198 0.11
Execution 6 -034 0.07 049 335 0.21
Feasibility 7 -0.10 0.12 034 302 0.10

Abbreviations: Cl, confidence interval; ES, effect size; k, number of effect size; SE, standard error
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provide more diverse, comprehensive, and secure functions
but can be complex and difficult for older adults to use
[55].

Recently, commercialized VR has developed rapidly
and is readily available [6]. However, VR interventions
for older adults with reduced vision or other sensory
problems may be unsafe [56]. Therefore, it is necessary
to consider a methodology type and an interaction tech-
nique that will result in the safe implementation of a VR
program for people with sensory and cognitive impair-
ment, including older patients with dementia.

The VR intervention effect in the cognition category
was small to medium, which is consistent with the re-
sults of a systematic review by Coyle et al. [13]. Coyle
and colleagues showed that a VR intervention moder-
ately improved the cognitive functioning of participants
with cognitive impairment. Further, prior studies showed
VR interventions were effective in improving the phys-
ical functions and walking speed of community-dwelling
patients who had a stroke [54, 57]. This suggests that a
VR physical fitness intervention may effectively improve
the functioning of patients with MCI or dementia.

The intervention effect was slightly higher when the
evaluation method was self-reported as compared to
observer-reported. For people with cognitive impairment,
it is essential to confirm the effectiveness of the program
using both subjective evaluations from self- and other-
reports [58]. More objective evaluation methods through
observation should be implemented in future studies.

VR could also be adapted to patients’ needs and char-
acteristics in performing activities, tasks, and tests [7].
VR is an effective intervention for patients with AD
when it can be performed safely [6, 12]. Patients with
MCI or dementia reported a VR task to be more satisfy-
ing, secure, comfortable, and less anxiety provoking than
a paper-based task [8]. Older patients with dementia ex-
perience impaired sensory stimulation due to impaired
cognitive function and aging, which can result in anxiety,
agitated behaviors, and impaired social functioning [14].
In a VR condition, patients experience various forms of
sensory stimulation in a comfortable, safe, immersion
environment that can promote functional learning as
well as the transfer of learned functions [14].

VR interventions positively affected the cognitive and
physical functioning of patients with MCI or dementia.
However, because most existing studies have focused on
the diagnosis of dementia using VR, studies examining
the effects of VR intervention are limited. There is also a
lack of guidelines on the VR development process and
the length and dose of effective interventions. Current
study results should contribute to the establishment of
practical guidelines for VR intervention for patients with
cognitive decline. Because VR is cost-effective, flexible,
comprehensive, and useful for patient-centered care, it is
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likely that the scope of VR activities will grow with fur-
ther technological innovation [13].

Conclusion

This meta-analysis integrated individual studies about VR
interventions for patients with cognitive impairment be-
cause VR is cost-effective, flexible, comprehensive, and po-
tentially useful for patient-centered care. This study showed
small-to-medium effects on key outcome variables such as
physical fitness, cognition, and emotion. Interventions
using VR could be useful for people with MCI or dementia.
These results should contribute to the establishment of
practical guidelines for VR intervention for patients with
cognitive decline. This study had some limitations. First,
most analyzed studies did not produce a significant ES be-
cause the sample sizes were small and pilot tests were in-
cluded. Second, the methodological quality of some studies
was low (e.g., not randomizing or blinding assessment out-
comes). Despite these limitations, the results presented in
meta-analysis suggest a basis for evidence-based interven-
tions for patients with MCI or dementia. Findings also
underscore the need for comprehensive guidelines to de-
velop and implement safe, effective VR interventions to
improve functional outcomes for people with cognitive
impairment.
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