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Abstract

Objective: Increased prevalence of mild cognitive impairment (MCI) has led to a need
for new neuropsychological intervention tools in this population. This meta-analysis
aimed to learn about the efficacy of virtual reality (VR)-based neuropsychological
interventions in improving cognitive functioning in patients with MCI.

Method: This review followed the recommendations of the PRISMA statement, and it
was registered in PROSPERO. The studies examined were collected from the
PsycINFO, Web of Science, Pubmed/MEDLINE, Embase, Scopus, and Cochrane
Library databases.

Results: The systematic search yielded 258 articles, of which 13 randomized controlled
trials were selected. VR-based neuropsychological interventions had moderate effects
on global cognition (g = 0.30; 95% CI = 0.05, 0.56; p = 0.02), small effects on attention
(9 =0.27; 95% Cl = 0.04, 0.49; p = 0.02), and large effects on executive function (g =
0.60; 95% CI =0.38, 0.81; p < 0.0001), but non-significant effects on working memory,
episodic memory, language, or visuoconstruction. When the length of the intervention
was considered, VR-based interventions of 15 or more hours had moderate effects on
working memory (g = 0.55; 95% Cl = 0.11, 0.99; p = 0.01), and large effects on
language (g = 0.60; 95% CI = 0.01, 1.20; p = 0.05) and visuoconstruction (g = 1.13;
95% Cl =0.58, 1.67; p < 0.0001).

Conclusions: Results suggest that VR-based interventions are beneficial for improving
cognitive functioning in patients with MCI, and allow us to make recommendations that

could have implications for clinical decision-making in this population.

Keywords: mild cognitive impairment; neuropsychological intervention; virtual reality;

cognition.
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1. Introduction

The increase in life expectancy has resulted in the progressive aging of the
population, with the global population over 60 years of age expected to reach 2.1 billion
in 2050 (World Health Organization, 2021). During the normal aging process, it is
common to experience a cognitive decline (Josefsson et al., 2012) that depends on
factors such as age and sex (Cano-Lopez et al., 2021; Fonseca et al., 2015; Levine et
al., 2021; Lipnicki et al., 2017). In some cases, these cognitive changes exceed what
would be expected due to age and progress to mild cognitive impairment (MCI)
(American Psychiatric Association, 2013), with a prevalence ranging from 6.7% to
25.2% in older adults, depending on the age range (Petersen et al., 2018). Cognitive
deficits in patients with MCI may limit their quality of life and functionality (Giebel et al.,
2014), which justifies the implementation of neuropsychological intervention programs
aimed at this population. Clinical practice guidelines suggest that neuropsychological
interventions could help to improve specific cognitive domains in patients with MCI,
although there is insufficient evidence to recommend specific cognitive strategies
(Petersen et al., 2018). In this context, virtual reality (VR) emerges as a new tool for
implementing neuropsychological interventions in this population (Styk et al., 2019).

VR is generated by a computer and an interactive device that produce images and
sounds that allow the representation of different scenarios, so that the individual
perceives that he/she is in this artificial reality (Styk et al., 2019). Depending on the
degree to which the simulation seems real, there are three levels of VR immersion: (a)
non-immersive: it has a low cost and a low sense of immersion, and it uses simple display
media (e.g., TV, computer monitor, and screen); (b) semi-immersive: it has a medium
cost and sense of immersion and uses more complex tools (e.g., panoramic TV); and (c)
fully immersive: it has a variable cost and a medium-high sense of immersion and uses
more elaborate display media (e.g., head-mounted display and CAVE Automatic Virtual

Environment) (Liu et al., 2019a; Rose et al., 2018). Immersion has been proposed as the
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mechanism of action of VR-based interventions for improving cognitive function, favoring
a sense of embodiment that results in a realistic experience (Strong, 2020; Tieri et al.,
2018) and eliciting associated psychological and physiological responses (Meehan et
al., 2005; Slater et al., 2008). It has been suggested that VR is a promising tool for
intervention, since it provides immediate performance feedback, allows the scenario to
be customized to make it more appealing to the patient, and may favor the
implementation of tasks with high ecological validity (Ferreira-Brito et al., 2020; Manera
et al., 2016).

In patients with MCI, VR is primarily known as a tool that allows clinicians and other
professionals to present a first-person experience of how individuals with this diagnosis
seem to live (D’Cunha et al., 2019). However, recently this device has been under
investigation to evaluate its effectiveness in the intervention of this population
(D’Cunha et al., 2019). The intervention format may vary from playing serious games
or video games to the guided practice of a set of standardized tasks to exercise various
cognitive domains (e.g., attention and memory) (Bahar-Fuchs et al., 2019). Most of
these tasks are focused on activities of daily living (ADLs) such as using familiar
image-based virtual environments to improve episodic autobiographical memory
(Benoit et al., 2015). In a recent systematic review, D'Cunha et al. (2019) showed that
VR interventions are adequately tolerated by patients with MCI and have positive
effects on their mood. Patients prefer VR over non-VR interventions. In fact, greater
treatment adherence has been found when implementing a VR intervention compared
to a non-VR-based intervention (Manera et al., 2016).

It is worth noting that most of the studies based on this technology have focused on
the feasibility of carrying out intervention programs with VR, but very few have
analyzed its effectiveness for cognitive functioning, despite its cognitive benefits in
other populations with a history of brain injury (Aminov et al., 2018; Santos et al.,
2019). To our knowledge, only one meta-analysis has focused on the effects of VR-
based interventions on specific cognitive functions in patients with MCI, including
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randomized controlled trials (RCTs) published from inception to April 2020 (Zhu et al.,
2021). It should be noted that the meta-analysis by Zhu et al. (2021) included studies
of both patients with MCI and dementia, but it has been suggested that the effect of
neuropsychological interventions in improving cognitive function may be different
among these populations (Clare and Woods, 2014; D'Cunha et al., 2019), probably due
to the less severity of MCI compared to dementia and the benefits of the intervention in
the early stage of cognitive impairment (Langa and Levine, 2014). Additionally, the
meta-analysis by Zhu et al. (2021) included VR-based interventions consisting
specifically of physical stimulation (i.e., without specific cognitive training) and others
that focused directly on the improvement of cognitive functions (i.e., including or not
physical stimulation). Consequently, it remains difficult to identify the influence of tasks
directly focused on cognitive functions on the cognitive improvement of patients with
MCI. Furthermore, despite the efforts made in the review by Zhu et al. (2021) to
analyze the effects of these interventions on specific cognitive functions, their search
strategy used terms referring to cognitive function or motor function in a general way,
which might have reduced the likelihood of finding certain studies focused on specific
cognitive functions such as language. Considering that this is a new field in continuous
evolution, the present study aims to know the effectiveness of neuropsychological
interventions that included tasks directly focused on cognitive function with VR in
improving the cognitive functioning of patients with MCI by carrying out a systematic
review and meta-analysis of the updated literature (from inception to August 2022), and
analyzing the possible effect modulating factors of this effectiveness (i.e., the
intervention type, the inclusion of aspects related to ADLs, the length of the
intervention). To this end, the search strategy will include specific terms referring to the
different cognitive functions (i.e., attention, executive function, memory, language), in

addition to referring to cognition globally, and RCTs will be selected.
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2. Materials and methods

2.1. Search strategy and information sources

The systematic review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations (Page
et al., 2021), and it was registered in PROSPERO (CRD42021290589).

The search was conducted in the following databases: PsycINFO, Web of
Science, Pubmed/MEDLINE, Embase, Scopus, and Cochrane Library, from inception
to August 31, 2022. The terms used were formulated as follows: (dementia OR mild
cognitive impairment) AND (neuropsychological intervention OR neuropsychological
stimulation OR neuropsychological rehabilitation OR cognitive stimulation OR cognitive
rehabilitation) AND (virtual reality OR virtual environment) AND (cognition OR memory
OR attention OR executive function* OR language). These keywords were examined in
the title section, keywords, and abstract. In addition, a reverse search was performed
by reviewing the reference lists of systematic reviews and empirical studies to identify

records not indexed in these databases.

2.2. Eligibility criteria

Eligibility criteria were formulated following the PICOS method (Page et al.,
2021). According to this method, the search strategy was based on population (P),
intervention (1), group (C), outcomes (O), and study design (S). Specifically, the
inclusion criteria were as follows: (P): adult participants with a diagnosis of MCI; (1):
articles that included a VR-based neuropsychological intervention consisting of tasks
focused directly on the improvement of cognitive functions, regardless of the immersion
level; (C): studies with a control group that received a non-VR-based intervention or no
intervention; (O): articles that assessed change in cognitive functioning (e.g., attention,
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executive functions, memory, language, and visuoconstruction) after the intervention
with respect to baseline; and (S): empirical studies (RCTs) published in peer-reviewed
scientific journals in English or Spanish.

We excluded: (1) studies with patients with dementia; (2) animal studies; (3)
books and book chapters, single-case studies, reviews, meta-analyses, study
protocols, editorials, or conference abstracts; (4) studies focused on transcranial

magnetic stimulation; and (5) studies with fewer than 10 participants.

2.3. Selection process

Two authors (BGC and ICL) independently assessed titles and abstracts for
possible agreement with the inclusion criteria. Discrepancies were resolved through
critical discussion with other reviewers (MA and SPP) until 100% agreement was
reached. Next, each researcher individually assessed the full text of the articles
selected to determine whether they met the inclusion criteria. Studies that failed to

meet the inclusion criteria were excluded.

2.4. Data extraction

Two authors (BGC and ICL) independently extracted data from all the included
studies following the Template for Intervention Description and Replication (TIDIeR;
Hoffmann et al., 2014). If data were missing from the selected studies, their authors
were contacted for additional details. Data from the selected studies were displayed in
customized tables. The data extracted from each article were as follows: (1) authors;
(2) sample size; (3) mean age; (4) sex of the sample; (5) characteristics of the VR-
based neuropsychological intervention (including cognitive domains targeted) and the
control intervention; (6) number of sessions in the VR-based neuropsychological
intervention and the control intervention; (7) time of evaluation and statistics used for
the analyses of cognitive change; (8) neuropsychological assessment instruments; and
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(9) results of the intervention in terms of cognitive functioning. These data were verified

by two reviewers (MA and SPP), and differences were resolved through discussion.

oNOYTULT D WN =

10 2.5. Methodological quality assessment

The methodological quality of the studies was assessed by two independent
17 reviewers (BGC and ICL). Discrepancies were resolved through discussion and

19 consensus. Two additional reviewers (MA and SPP) were consulted when necessary.
21 The Critical Appraisal Checklist for Randomized Controlled Trials (Moola et al.,
23 2020) was used to assess the risk of bias in all studies included in the systematic

25 review. It consists of 13 questions and includes aspects such as: (a) the validity of the
27 randomization; (b) the way the allocation was carried out; (c) groups’ similarity at

29 baseline; (d) participants' knowledge about the treatment; (e) evaluators' knowledge
about the treatment; (f) equal treatment of participants; (g) compliance with follow-up;
(h) homogeneity of assessments across groups; (i) appropriate use of statistical

36 analyses; and (j) use of an appropriate design for the subject matter (Moola et al.,

38 2020).

42 2.6. Meta-analyses

45 Meta-analyses were conducted using the Review Manager computer program
47 (RevMan 5.4.1) (The Cochrane Collaboration, 2020). The main outcomes analyzed were
49 global cognitive functioning, attention, executive function, working memory, immediate
51 episodic memory, delayed episodic memory, language, and visuoconstruction. For each
53 cognitive domain, a hierarchy of instruments was established based on their frequency
55 of use in the RCTs included in the meta-analysis, and data were entered based on the
instrument highest on that list for each study. Data were entered as the mean difference

from baseline and the SD of this mean difference for VR-based intervention and non-
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VR-based intervention groups. When data from more than one follow-up period were
reported, data from the immediate post-intervention period were included in the meta-
analysis. The SD of the mean changes from baseline is a frequent missing outcome data
(Higgins et al., 2021), so we followed the following process for obtaining the missing
outcome data. First, missing SD changes from baseline were estimated using RevMan
for studies in which additional data were available (e.g., p-values, t-vales, confidence
intervals, standard errors). Second, when these data were not available, the
corresponding authors of the included studies were contacted to request their database
or the mean and SD changes from baseline values, as recommended (Higgins et al.,
2021; Viana et al., 2021). Third, if the corresponding authors did not share their data,
and the pre-intervention and post-intervention SD values were known, the SD change
value was computed using the formula proposed by Borenstein et al. (2009) and Higgins
and Green (2011), by assigning a value of 0.7 to the r (Borenstein et al., 2009; Higgins
and Green, 2011) to provide a conservative estimate (Rosenthal, 1993), as in previous
meta-analyses (Berlim et al., 2017; Kallapiran et al., 2015; Yagiz et al., 2022). It is worth
noting that Manenti et al. (2020) included two VR-based intervention groups and a non-
VR-based intervention group, so the two VR-based intervention groups were combined
in a single group, and the weighted mean and SD were obtained.

We employed a random-effects model for continuous data, inverse variance, and a
95% CI, which assumes that the observed estimates of intervention effect can vary
across studies because of real differences in the treatment effect in each study (e.g.,
intervention type, duration, outcome measures) as well as sampling variability
(Borenstein et al., 2010). The Hedges’ (adjusted) g effects size (standardized mean
difference [SMD]) was computed to estimate the intervention effect. Hedge’s g estimates
of less than 0.3 were considered as small, between 0.3 and less than 0.6 as moderate,
and equal to or greater than 0.6 as large (Hill et al., 2017; Zhu et al., 2021). The degree
of heterogeneity (I?) was computed to determine whether the studies included in the
meta-analysis were consistent. |2 results were interpreted as low (25%), moderate (50%),

9
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and high (75%) (Higgins et al., 2003). The Galbraith plot method was utilized to identify
potential outliers (Galbraith, 1988). Subgroup analyses were also carried out based on
the type of intervention (only cognitive training or cognitive training interspersed with
physical exercise), the inclusion or not of aspects related to ADLs in the intervention, and
the length of the intervention (less than 15 hours of intervention versus 15 or more

hours).

3. Results

3.1.  Study selection

The initial search yielded a total of 258 articles. After eliminating duplicates, 172
articles were obtained. The titles and abstracts of these 172 articles were reviewed,
and 136 studies were excluded because they did not meet the inclusion criteria.
Consequently, the full text of 36 articles was reviewed. Of them, 27 were excluded
because they: did not assess the change in cognitive functioning after the intervention
from baseline (n= 6); they were not empirical studies (n= 6); they did not include a VR-
based neuropsychological intervention (n= 4); they did not include an intervention
focused directly on the improvement of cognitive functions (n = 1); they were not RCTs
(n=7); or they included patients with dementia, but not patients with MCI (n = 3). These
last three studies were carried out by Man et al. (2012) - who included patients with
questionable dementia as determined by the CDR scale-, Oliveira et al. (2021) - that
included patients with questionable, mild, or moderate dementia as established by the
Clinical Dementia Rating (CDR) scale-, and Serino et al. (2017) — who included
patients with probable dementia as determined by the Milan Overall Dementia Scale.
On the other hand, four studies identified by reverse search were included. Thus, 13

studies were included in the systematic review and marked with the symbol (*) in the
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reference section. Figure 1 shows the flow diagram of the study selection process, and

Table 1 includes a summary of the selected studies.

3.2. Evaluation of the quality of the studies

Regarding the evaluation of the quality of the RCTs included in the systematic
review (Table 2), the percentage of compliance with the JBI criteria ranged from 46%
to 92%, depending on the study.

All of the RCTs examined met the following criteria: (1) They carried out a
randomization method to assign participants to each group; (2) They treated the
treatment groups equally, with the exception of the different types of intervention; (3)
Full follow-up was provided, and, if not, possible differences between groups in terms
of their follow-up were adequately described and analyzed; (4) Participants were
analyzed within the groups to which they were assigned; (5) Outcomes were measured
in the same way in the treatment groups; and (6) The trial design was appropriate, and
possible deviations from the standard design were taken into account when carrying
out and analyzing the trials (Delbroek et al., 2017; Hughes et al., 2014; Hwang & Lee,
2017; Kang et al., 2021; Liao et al., 2019, 2020; Manenti et al., 2020; Mrakic-Sposta et
al., 2018; Park et al., 2019, 2020a, 2020b; Thapa et al., 2020; Torpil et al., 2021).

Five of the 13 RCTs analyzed used hidden treatment assignments (Liao et al.,
2019, 2020; Manenti et al., 2020; Park et al., 2020b; Torpil et al., 2021), with seven of
them established as unclear in this category (Delbroek et al., 2017; Hughes et al.,
2014; Hwang & Lee, 2017; Mrakic-Sposta et al., 2018; Park et al., 2019, 2020a; Thapa
et al., 2020), whereas the remaining one did not meet this criterion (Kang et al., 2021).

Regarding between-group similarity at baseline, 12 of the 13 RCTs met this
criterion (Delbroek et al., 2017; Hughes et al., 2014; Kang et al., 2021; Liao et al.,

2019, 2020; Manenti et al., 2020; Mrakic-Sposta et al., 2018; Park et al., 2019, 2020a,
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2020b; Thapa et al., 2020; Torpil et al., 2021), with only one study in the unclear
category (Hwang and Lee, 2017).

Regarding the criterion of keeping group participants blinded to the tasks
delivered during treatment, in 10 of the 13 RCTs, this criterion was assessed as
unclear (Delbroek et al., 2017; Hughes et al., 2014; Hwang and Lee, 2017; Liao et al.,
2019, 2020; Mrakic-Sposta et al., 2018; Park et al., 2019, 2020b; Thapa et al., 2020;
Torpil et al., 2021), whereas three of the RCTs did not meet this criterion (Kang et al.,
2021; Manenti et al., 2020; Park et al., 2020a).

Two of the 13 RCTs reviewed indicated that the specialists who performed the
treatment were unaware of the treatment assignments (Delbroek et al., 2017; Manenti
et al., 2020), 10 RCTs were considered unclear in this domain (Hughes et al., 2014;
Hwang and Lee, 2017; Liao et al., 2019, 2020; Mrakic-Sposta et al., 2018; Park et al.,
2019, 2020a, 2020b; Thapa et al., 2020; Torpil et al., 2021), and the remaining one did
not meet this criterion (Kang et al., 2021).

With regard to keeping the evaluators blind to the treatment, five of the 13
RCTs met this criterion (Liao et al., 2019, 2020; Manenti et al., 2020; Park et al., 2019;
Torpil et al., 2021), seven studies fell into the unclear category (Delbroek et al., 2017;
Hughes et al., 2014; Hwang and Lee, 2017; Mrakic-Sposta et al., 2018; Park et al.,
2020a, 2020b; Thapa et al., 2020), and one study did not meet the criterion (Kang et
al., 2021).

Six of the 13 RCTs evaluated met the criterion for the use of appropriate
statistical analyses (Hughes et al., 2014; Kang et al., 2021; Liao et al., 2020; Park et
al., 2020b; Thapa et al., 2020; Torpil et al, 2021), three studies fell into the unclear
category (Mrakic-Sposta et al., 2018; Park et al., 2019, 2020a), and the remaining four
studies did not qualify (Delbroek et al., 2017; Hwang and Lee, 2017; Liao et al., 2019;
Manenti et al., 2020).

Four of the 13 RCTs examined used reliable outcome measures (Kang et al.,
2021; Mrakic-Sposta et al., 2018; Park et al., 2019; Thapa et al., 2020), whereas the

12

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist Page 14 of 61

remaining nine studies fell into the unclear category on this criterion (Delbroek et al.,
2017; Hughes et al., 2014; Hwang and Lee, 2017; Liao et al., 2019, 2020; Manenti et

al., 2020; Park et al., 2020a, 2020b; Torpil et al., 2021).

3.3. Qualitative analysis of reviewed studies

3.3.1. Intervention characteristics

According to the type of intervention, the interventions carried out in each of the
experimental groups can be divided into two sections: (1) those that only included
cognitive training (n=7) (Kang et al., 2021; Manenti et al., 2020; Park et al., 2019,
2020a, 2020b; Thapa et al., 2020; Torpil et al., 2021); and (2) those in which cognitive
training was interspersed with physical exercise (n= 6) (Delbroek et al., 2017; Hughes
et al., 2014; Hwang and Lee, 2017; Liao et al., 2019, 2020; Mrakic-Sposta et al., 2018).
According to the main format of the intervention, the interventions were classified into
three different categories: (1) those that applied ADL-based tasks (n = 6) (Liao et al.,
2019, 2020; Mrakic-Sposta et al., 2018; Park et al., 2019, 2020a, 2020b), (2) those that
used video games (n = 2) (Hughes et al., 2014; Torpil et al., 2021) and (3) those that
included serious games (n = 4) (Delbroek et al., 2017; Kang et al., 2021; Manenti et al.,
2020; Thapa et al., 2020). The study carried out by Hwang and Lee (2017) did not
specify the format of the intervention. Studies that applied ADL-based tasks in their
VR-based intervention program (n = 6) were focused on basic (Park et al., 2020b) and
instrumental ADLs (Liao et al., 2019, 2020; Mrakic-Sposta et al., 2018; Park et al.,
2019, 2020a, 2020Db). It should be noted that, despite Thapa et al. (2020) used mainly
serious games, one of the games was focused on an instrumental ADL (i.e., juice
making). Therefore, seven of the 13 studies included aspects related to ADLs in their
VR-based intervention programs (Liao et al., 2019, 2020; Mrakic-Sposta et al., 2018;

Park et al., 2019, 2020a, 2020b; Thapa et al., 2020), whereas six studies did not
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include these ADL-related aspects (Delbroek et al., 2017; Hughes et al., 2014; Hwang
and Lee, 2017; Kang et al., 2021; Manenti et al., 2020; Torpil et al., 2021).

Regarding the type of intervention carried out in the control group, different
programs were used: (1) non-VR-based cognitive rehabilitation using pencil-and-paper
or computer-assisted tasks (n= 4) (Manenti et al., 2020; Park et al., 2019, 2020b; Torpil
et al., 2021); (2) usual treatment conducted at the center (n= 2) (Delbroek et al., 2017;
Kang et al., 2021); (3) general health education program (n= 2) (Hughes et al., 2014;
Thapa et al., 2020); (4) simultaneous non-VR-based physical and cognitive training (n=
2) (Liao et al., 2019, 2020); (5) occupational therapy (n= 1) (Hwang and Lee, 2017);
and (6) no treatment (n= 2) (Mrakic-Sposta et al., 2018; Park et al., 2020a).

The length of the intervention was 15 hours or more in eight studies (Hughes et
al., 2014; Hwang and Lee, 2017; Liao et al., 2019, 2020; Manenti et al., 2020; Park et
al., 2020b, Thapa et al., 2020, Torpil et al., 2021), whereas it was less than 15 hours in
five studies (Delbroek et al., 2017; Kang et al., 2021; Mrakic-Sposta et al., 2018; Park

etal., 2019, 2020a).

3.3.2. Neuropsychological assessment

Eleven of the 13 studies analyzed performed a neuropsychological assessment
before the intervention and another one after the intervention (Delbroek et al., 2017;
Hwang and Lee, 2017; Kang et al., 2021; Liao et al., 2019, 2020; Mrakic-Sposta et al.,
2018; Park et al., 2019, 2020a, 2020b; Thapa et al., 2020; Torpil et al., 2021). In
contrast, only one study conducted an assessment before, after, and one year after
starting the intervention (Hughes et al., 2014). Additionally, only one article included
four assessments: (1) before the intervention; (2) at the end of the intervention; (3) four
months after starting the intervention; and (4) seven months after starting the
intervention (Manenti et al., 2020). Improvement was defined in all RCTs as significant

differences between the pre- and post-intervention neuropsychological assessments,
14
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using statistical tests. Clinically significant change indices (e.g., reliable change index)
were not computed in any of the RCTs.

Regarding neuropsychological assessment tests, eight studies used screening
tests to assess the evolution of global cognitive functioning after the intervention
(Delbroek et al., 2017; Hughes et al., 2014; Kang et al., 2021; Liao et al., 2020; Mrakic-
Sposta et al., 2018; Park et al., 2020a, 2020b; Thapa et al., 2020). The tests used
were: (1) the Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005)
(Delbroek et al., 2017; Liao et al., 2020; Park et al., 2020b); (2) the Mini-mental State
Examination (MMSE; Folstein et al., 1975) (Mrakic-Sposta et al., 2018); (3) the Korean
version-Mini-mental State Examination (K-MMSE; Kang et al., 1997) (Kang et al.,
2021; Park et al., 2020a); (4) the Korean version-Mini-mental State Examination-
Screening Dementia (K-MMSE-DS; Kim et al., 2010) (Thapa et al., 2020); and (5) the
Computerized Assessment of Mild Cognitive Impairment (CAMCI; Saxton et al., 2009)
(Hughes et al., 2014).

Ten studies assessed intervention effects on attention (Hwang and Lee, 2017;
Kang et al., 2021; Liao et al., 2019; Manenti et al., 2020; Mrakic-Sposta et al., 2018;
Park et al., 2019, 2020a, 2020b; Thapa et al., 2020; Torpil et al., 2021). Of these 10
studies, seven used the Trail Making Test A (TMT A; Reitan and Wolfson, 1985) (Kang
et al., 2021; Mrakic-Sposta et al., 2018; Liao et al., 2019; Manenti et al., 2020; Park et
al., 2019, 2020b; Thapa et al., 2020). Four studies employed both letter and color
sections of the Stroop test (Golden, 1978) (Kang et al., 2021; Liao et al., 2019; Park et
al., 2020a) or the Word Color Test (WCT; Hwang and Lee, 2017) as an indicator of
attention. Other tests used to assess attention were Attentional Matrices (AM; Spinnler
and Tognoni, 1987) (Mrakic-Sposta et al., 2018), Symbol Digit Substitute Test (SDST;
Weschler, 2008) (Thapa et al., 2020), and attention/concentration from the
Loewenstein Occupational Therapy Cognitive Assessment-Geriatric Version (LOTCA-

G; Katz et al., 1995) (Torpil et al., 2021).
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Nine studies assessed intervention effects on executive functions (Kang et al.,
2021; Liao et al., 2019, 2020; Manenti et al., 2020; Mrakic-Sposta et al., 2018; Park et
al., 2019, 2020b; Thapa et al., 2020; Torpil et al., 2021). Of these nine studies, six used
the Trail Making Test B (TMT B; Reitan and Wolfson, 1985) (Kang et al., 2021; Liao et
al., 2019; Manenti et al., 2020; Park et al., 2019, 2020b; Thapa et al., 2020). Other
tests used to assess executive functions were the Frontal Lobe Assessment Battery
(FAB; Dubois et al., 2000) (Mrakic-Sposta et al., 2018), the Executive Interview 25
(EXIT-25; Royall et al., 1992) (Liao et al., 2020), and thinking operation from the
LOTCA-G (Katz et al., 1995) (Torpil et al., 2021).

Four studies assessed working memory. Three of them employed the Digit
Span Test (Weschler, 2008) (Kang et al., 2021; Park et al., 2020a, 2020b), whereas
the remaining one employed the Visual Span Test (VST; Gualtieri and Johnson, 2006)
(Hwang and Lee et al., 2017).

Five of the 13 studies reviewed assessed immediate memory (Kang et al.,
2021; Liao et al., 2020; Manenti et al., 2020; Mrakic-Sposta et al., 2018; Park et al.,
2019). These five studies, together with the study by Torpil et al. (2021), assessed
delayed memory. Two of these studies used the Rey Auditory Verbal Learning Test
(RAVLT; Rey, 1964) (Manenti et al., 2020; Mrakic-Sposta et al., 2018). Additionally,
Manenti et al. (2020) used the Free and Cued Selective Reminding Test (FCSRT;
Buschke, 1984) and the Rey-Osterrieth Complex Figure Test (ROCFT; Caffarra et al.,
2002). The other studies administered the following tests: Chinese version of the
Verbal Learning Test (CVVLT; Chang et al., 2010; Delis et al., 1987) (Liao et al., 2020),
CERAD-K (Morris et al., 1989) (Park et al., 2019), Seoul Verbal Learning Test (SVLT,;
Kang et al., 2012) (Kang et al., 2021), and LOTCA-G (Katz et al., 1995) (Torpil et al.,
2021).

Regarding language, five of the 13 studies evaluated this domain (Kang et al.,
2021; Manenti et al., 2020; Mrakic-Sposta et al., 2018; Park et al., 2019, 2020a). All
these five studies assessed semantic verbal fluency, so this was the variable
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considered in the meta-analysis. The employed tests were the following: Verbal
Fluency Test (semantic) (VF; Novelli et al., 1986) (Kang et al., 2021; Manenti et al.,
2020; Mrakic-Sposta et al., 2018), CERAD-K (Morris et al., 1989) (Park et al., 2019),
and Word Fluency Test (Choi et al., 2011) (Park et al., 2020a).

Five of the 13 studies reviewed assessed visuoconstruction (Kang et al., 2021;
Manenti et al., 2020; Mrakic-Sposta et al., 2018; Park et al., 2019; Torpil et al., 2021).
The following tests were used: the ROCFT (Caffarra et al., 2002) (Mrakic-Sposta et al.,
2018), the ROCFT from the Seoul Neuropsychological Screening Battery (Kang et al.,
2012) (Kang et al., 2021), Clock Drawing Test (CDT; Tuokko et al., 1995) (Manenti et
al., 2020), CERAD-K (Morris et al., 1989) (Park et al., 2019), and LOTCA-G (Katz et

al., 1995) (Torpil et al., 2021).

3.4. Meta-analyses

Global cognitive functioning. We included eight studies (245 participants) in the meta-
analysis for global cognitive functioning. A significant positive effect of VR-based
intervention on global cognitive functioning was found (g = 0.30; 95% CI = 0.05, 0.56; p
= 0.02), and heterogeneity was low (12= 0%) (Figure 2). VR-based interventions of 15
or more hours resulted in significantly greater efficacy on global cognitive functioning (g
=0.52; 95% CI = 0.20, 0.84; p = 0.002) than those of less than 15 hours (g = -0.07;
95% CI =-0.49, 0.35; p = 0.75). No significant differences were found depending on
the type of intervention (p = 0.39) or the inclusion of aspects related to ADLs in the
intervention (p = 0.50).

Attention. We included ten studies (388 participants) in the meta-analysis for attention.
Considering that Hwang and Lee (2017) used scores of both letter and color sections of
the Word Color Test jointly as an indicator of attentional functioning and that Park et al.
(2020a) provided the scores of the color and word sections of the Stroop test separately,

a global score was calculated based on both sections for this last study. We found a
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positive effect of VR-based intervention on attention that did not reach statistical
significance (g = 0.47; 95% CI = -0.03, 0.96; p = 0.06), and a high heterogeneity (I2 =
81%). Sources of this heterogeneity were analyzed using the Galbraith plot, which
identified one outlier study (Torpil et al., 2021). After the outlier's exclusion, nine studies
were examined (327 participants). Heterogeneity was low (0%), and participants
allocated in the VR-based intervention showed a significant improvement on attention (g
=0.27; 95% Cl = 0.04, 0.49; p = 0.02) (Figure 3). VR-based interventions of 15 or more
hours resulted in significantly greater effectiveness on attention (g = 0.42; 95% CI1 = 0.16,
0.68; p = 0.002) than those of less than 15 hours (g = -0.11; 95% CI = -0.52, 0.30; p =
0.60). No significant differences were found depending on the type of intervention (p =
0.61) or the inclusion of aspects related to ADLs in the intervention (p = 1.00).
Executive function. Nine studies (353 participants) were included in the meta-analysis
for executive function. A significant positive effect of VR-based intervention on executive
function was found (g = 0.60; 95% CI = 0.38, 0.81; p < 0.0001), and heterogeneity was
low (1= 0%) (Figure 4). For the length of the intervention, 15 or more hours of VR-based
intervention showed large effect size (g = 0.61; 95% CI = 0.37, 0.86; p < 0.0001),
whereas less than 15 hours showed moderate effect size (g = 0.54; 95% CI = 0.06, 1.01;
p = 0.03), but differences were not significant. No significant differences were found
depending on the type of intervention (p = 0.25) or the inclusion of aspects related to
ADLs in the intervention (p = 0.28).

Working memory. Four studies (144 participants) were included in the meta-analysis for
working memory. It is worth noting that Kang et al. (2021) and Park et al. (2020a, 2020b)
provided both forward and backward digit span scores separately, so an overall score
was calculated for both tasks as an indicator of working memory. Primary analyses
showed a non-significant effect of VR-based intervention on this outcome (g = 0.25; 95%
Cl =-0.15, 0.66; p = 0.22), and heterogeneity was low (I = 32%) (Figure 5). Subgroup
analyses showed significant differences in the effect of VR-based intervention depending

on the length of the intervention, 15 or more hours of VR-based intervention having a

18

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist

significant moderate effect size (g = 0.55; 95% Cl = 0.11, 0.99; p = 0.01), and less than
15 hours of intervention having a no significant effect (g = -0.13; 95% CI = -0.63, 0.38; p
= 0.62). No significant differences were found depending on the type of intervention (p =
0.45) or the inclusion of aspects related to ADLs in the intervention (p = 0.48).
Immediate memory. Five studies (155 participants) were included in the meta-analysis
for immediate memory. The effect of VR-based intervention on immediate memory was
not significant (g = 0.17; 95% CI = -0.15, 0.50; p = 0.29), and heterogeneity was low (I2
= 0%) (Figure 6). Subgroup analyses showed no significant differences in the effect of
VR-based intervention depending on the length of the intervention (p = 0.51), the type of
intervention (p = 0.20), or the inclusion of aspects related to ADLs in the intervention (p
=0.99).

Delayed memory. Six studies (216 participants) were included in the meta-analysis for
delayed memory. We found a no significant positive effect of VR-based intervention on
delayed memory (g = 0.19; 95% CI = -0.08, 0.47; p = 0.16), and a low heterogeneity (I
= 0%) (Figure 7). Subgroup analyses showed no significant differences in the effect of
VR-based intervention depending on the length of the intervention (p = 0.48), the type of
intervention (p = 0.16), or the inclusion of aspects related to ADLs in the intervention (p
=0.28).

Language. Five studies (141 participants) were included in the meta-analysis for
language. Primary analyses showed no significant effects of VR-based intervention on
language (g = -0.08; 95% CI = -0.66, 0.50; p = 0.78), with moderate heterogeneity (I?> =
61%) (Figure 8). Subgroup analyses showed significant differences in the effect of VR-
based intervention depending on the length of the intervention, 15 or more hours of VR-
based intervention having a significant large effect size (g = 0.60; 95% CI = 0.01, 1.20;
p = 0.05), whereas less than 15 hours of intervention had no significant effects (g = -
0.30; 95% CI = -0.86, 0.26; p = 0.29). No significant differences were found depending
on the type of intervention (p = 0.64) or the inclusion of aspects related to ADLs in the
intervention (p = 0.15).
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Visuoconstruction. We included five studies (182 participants) in the meta-analysis for
visuoconstruction. Primary analyses showed no significant effects of VR-based
intervention on language (g = 0.29; 95% CI = -0.52, 1.10; p = 0.48), with high
heterogeneity (I>= 84%). Sources of this heterogeneity were analyzed using the
Galbraith plot, which identified one outlier study (Manenti et al., 2020). After the
outlier’s exclusion, four studies were examined (133 participants). Heterogeneity was
moderate (73%), and participants allocated in the VR-based intervention showed a no
significant improvement on visuoconstruction (g = 0.55; 95% CI = -0.20, 1.31; p = 0.15)
(Figure 9). Subgroup analyses showed that 15 or more hours of VR-based intervention
had a significant large effect on visuoconstruction (g = 1.13; 95% Cl = 0.58, 1.67; p <
0.0001), whereas less than 15 hours of intervention had no significant effects (g = 0.29;
95% CI =-0.75, 1.34; p = 0.58), although test for subgroup differences did not reach
statistical significance (p = 0.17). No significant differences were found depending on
the type of intervention (p = 0.56) or the inclusion of aspects related to ADLs in the

intervention (p = 0.17).

4. Discussion

This meta-analysis evaluated the effectiveness of VR-based neuropsychological
interventions that included tasks directly focused on cognitive function in improving
cognitive processes in patients with MCI. Thirteen studies that met the inclusion criteria
were selected. The results show that VR-based interventions significantly improved
global cognitive function, attention, and executive function, with no significant effects
on episodic memory. The effects of VR-based interventions on language and
visuoconstruction were only significant for interventions of 15 or more hours. These
findings are discussed below.

All studies included in this meta-analysis were RCTs, which are the gold standard

for assessing treatment effectiveness (Miller et al., 2014). The mean age of the
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participants in the RCTs included in the review was 74 years, and 66% of the
participants were women. Both age and sex are relevant variables when generalizing
the results obtained, given that previous studies have shown that the decline in
processing speed and executive functions increases with age (Cano-Lépez et al.,
2021; Fonseca et al., 2015; Lipnicki et al., 2017), and that there is a greater cognitive
decline in women than in men (Cano-Lépez et al., 2021; Levine et al., 2021). It should
be noted that cognitive improvement was defined in all RCTs included in the review as
significant differences between the pre- and post-intervention neuropsychological
assessment, without exploring clinically significant changes. Although significant
changes are important from a research perspective, clinically significant changes are
considered more meaningful in the assessment of neuropsychological functions (Duff,
2012), so future studies should include reliable change indices (RCls) (Chelune et al.,
1993).

Regarding global cognitive function, a moderate positive effect of VR-based
intervention was found, as well as significant differences depending on the length of
the intervention, so interventions of 15 or more hours resulted in greater efficacy than
those of less than 15 hours. Our results are comparable with those of Zhu et al. (2021),
who also found a moderate effect of VR-based interventions on global cognition, but
this effect did not significantly differ depending on whether the intervention was longer
or shorter than 20 hours (considering all cognitive domains jointly). However, there are
relevant differences between the inclusion criteria of our meta-analysis and that of Zhu
et al. (2021). First, our meta-analysis examined VR-based neuropsychological
interventions directly focused on cognitive function, whereas the meta-analysis by Zhu
et al. (2021) also included VR-based interventions consisting specifically of physical
stimulation (i.e., without specific cognitive training), and did not analyze separately the
influence of tasks directly focused on cognitive functions on cognitive improvement.
Second, our meta-analysis only included studies with patients with MCI, whereas the

meta-analysis by Zhu et al. (2021) was focused on patients with MCI and dementia.

21

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 23 of 61

oNOYTULT D WN =

The Clinical Neuropsychologist

These differences justify discrepancies between the studies selected in our review and
those selected by Zhu et al. (2021). Thus, six of the studies included in the meta-
analysis by Zhu et al. (2021) were also included in our meta-analysis, as they were
studies focused on interventions specifically targeting cognitive functioning in patients
with MCI (Delbroek et al., 2017; Hughes et al., 2014; Hwang and Lee, 2017; Liao et al.,
2019; Park et al., 2019; Thapa et al., 2020). We additionally included seven studies not
reviewed by Zhu et al. (2021) (Kang et al., 2021; Liao et al., 2020; Manenti et al., 2020;
Mrakic-Sposta et al., 2018; Park et al., 2020a, 2020b; Torpil et al., 2021). Furthermore,
five studies reviewed by Zhu et al. (2021) were not included in our meta-analysis since
their VR-based intervention consisted exclusively of physical stimulation (Padala et al.,
2012; Schwenk et al., 2016), were book chapters (Tarnanas et al., 2014) or were
focused on patients with dementia (Man et al., 2012; Serino et al., 2017). Despite these
discrepancies, the fact that we found an effect size similar to that found by Zhu et al
(2021) on global cognitive functioning allows us to corroborate the positive effects of
VR-based intervention using a more homogeneous sample and type of intervention,
evidencing the effectiveness of VR-based intervention directly targeting cognitive
functions. Moreover, the fact that we found that the length of the intervention had a
significant effect, contrary to Zhu et al. (2021), suggests that intervention effects are
found from 15 hours of training onwards. Thus, our study provides an update of the
systematic search using more restrictive inclusion criteria, favoring the generalization
of results in patients with MCI.

Our meta-analysis showed a small positive effect of VR-based intervention on
attention. It should be noted that the length of the intervention ranged from four hours
(Kang et al., 2021) to 50 hours (Hwang and Lee, 2017), depending on the study. The
length of the intervention was a significant modulator of the effectiveness of the VR-
based intervention on attention, so VR-based interventions of 15 or more hours had a
moderate positive effect on attention, whereas those of less than 15 hours had a non-
significant effect. Thus, all the RCTs that found beneficial results of the VR-based
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intervention on attention compared to the control intervention included more than 15
hours of intervention (Hwang and Lee, 2017; Liao et al., 2019; Manenti et al. 2020;
Park et al., 2020b; Thapa et al., 2020). However, all the studies that failed to find
significant differences between groups employed interventions lasting less than 15
hours (Kang et al., 2021; Mrakic-Sposta et al., 2018; Park et al., 2019, 2020a). This
suggests that the duration of the VR-based intervention could be a key factor in finding
benefits for attention. It should be noted that the VR-based intervention used by Hwang
and Lee (2017) did not specifically focus on improving attention, but rather on memory
and balance. However, this study employs a longer intervention than the other studies
(50 hours), so memory training could have favored attention, with attention being a
prerequisite for good memory functioning (Posner and Peterson, 1990).

We also found a large positive effect of VR-based interventions on executive
function, without significant differences depending on the length of the intervention.
The fact that an important proportion of the RCTs reviewed included goal-oriented
tasks directly focused on basic or instrumental ADLs in their VR-based interventions
may explain these results since executive functions play an important role in the
maintenance of autonomy in day-to-day activities (Corbo and Casagrande, 2022).
Other relevant factors that could explain the beneficial effects of the VR-based
intervention on both attention and executive functions are the use of real-time
feedback, which allows participants to remediate their errors and increases motivation
to improve their abilities (Liao et al., 2019; Park et al., 2020b), and the therapist-patient
interaction (Manenti et al., 2020).

It should be noted that Zhu et al. (2021) assessed attention and executive functions
jointly, showing a moderate effect of VR-based intervention. Nevertheless, the analysis
of the effects of VR-based neuropsychological intervention on these domains
separately could contribute to providing a framework for clinical decision-making. As
detailed above, we found a moderated effect of VR-based interventions of 15 or more

hours on attention, and a large effect of VR-based interventions on executive function,
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regardless of the length of the intervention. Possibly we found a slightly larger effect
size than Zhu et al. (2021) in executive function due to the exclusion of studies with
patients with dementia. Given that MCI has been defined as a pre-dementia stage
(American Psychiatric Association, 2013), applying a neuropsychological intervention
program to patients who are in a more advanced stage of cognitive impairment may
imply difficulties, especially when several intervention groups are established. Thus, it
may be difficult for patients with severe cognitive impairment to finish the goal-oriented
tasks included in the VR-based interventions (Zhu et al., 2021).

Regarding working memory, primary analyses showed a non-significant effect of
VR-based intervention. Nevertheless, when the length of the intervention was
considered, VR-based interventions of 15 or more hours had a significant moderate
effect, whereas less than 15 hours of intervention had a non-significant effect,
suggesting that the length of the intervention is also a key factor for effectiveness in
this domain. It should be noted that only four studies analyzed this domain, so results
should be interpreted with caution. Zhu et al. (2021) did not analyze this domain
specifically. However, working memory acts as active short-term maintenance of
information that allows more complex tasks such as planning, problem-solving, or
language comprehension (Shah and Miyake, 1999). Thus, it may operate as a domain-
general cognitive resource that regulates ability in various seemingly disparate
cognitive processes (Hyer et al., 2016), and consequently, it may be relevant to explore
this domain separately.

Our meta-analysis showed no significant effects of VR-based intervention on
episodic memory, as well as no significant differences depending on the length of the
intervention. Although VR may create an enriched environment with visual stimuli and
allows real-time interaction and feedback elicitation, facilitating the encoding of
information (Man et al., 2012), the six RCTs that evaluated memory were multidomain
interventions, being focused on various cognitive domains at the same time, and this

may explain the results found. From this multidomain approach, three of the six RCTs
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included tasks focused on episodic memory in their VR-based intervention (Kang et al.,
2021; Liao et al., 2020; Manenti et al., 2020), whereas the remaining three did not
include these tasks (Mrakic-Sposta et al., 2018; Park et al., 2019; Torpil et al., 2021).
Regardless of the inclusion of memory tasks, any of the RCTs included the teaching of
mnemonic strategies, except for those by Manenti et al. (2020), which specified that, in
certain cases, therapists suggested strategies to participants to improve their
performance, so one of the reasons the VR-based intervention might have improved
objective memory functioning could be the synchronous and asynchronous support
received from the therapist. In a recent meta-analysis focused on neuropsychological
intervention without VR in patients with MCI, Sherman et al. (2017) suggest that
memory-based approaches are more effective than multidomain methods for memory
improvement, and teaching of mnemonic strategies may facilitate partial activation of
neuroplastic reorganization and compensatory processes in several areas. In fact,
using successful memory techniques (e.g., spaced retrieval, encoding support, and
retrieval strategies) is a key component in maintaining good memory performance in
patients with dementia (Man et al., 2012). Therefore, future studies should evaluate the
effectiveness of VR-based neuropsychological interventions with memory-based
approaches that include the teaching of mnemonic strategies. Zhu et al. (2021) found a
moderate effect of VR-based intervention on memory, despite two of the five studies
reviewed included patients with dementia. However, the meta-analysis by Zhu et al.
(2021) for memory outcome included tasks focused on episodic memory and other
cognitive processes (working memory and naming), and this may explain the
discrepancies between our results and those of Zhu et al. (2021).

Regarding language, primary analyses showed a non-significant effect of VR-based
intervention. Nevertheless, when the length of the intervention was considered, VR-
based interventions of 15 or more hours had a significant large effect, whereas less
than 15 hours of intervention had a non-significant effect. It should be underlined that,

of the five studies that evaluated this domain, only one includes an intervention of more
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than 15 hours, showing a significant improvement in the experimental group compared
to the control group (Manenti et al., 2020), and suggesting that the exchange between
the therapist and the participant may have influenced this result. It should be noted that
none of the reviewed studies, except for Mrakic-Sposta et al. (2018), focused
specifically on language improvement, which could explain why most studies do not
find benefits of VR-based interventions in this domain. As far as we know, no previous
meta-analyses have analyzed the effectiveness of VR-based interventions on language
improvement in patients with MCI, so this study represents an advance for research in
this field.

Regarding visuoconstruction, no significant effects of VR-based intervention were
found, in line with the results found by Zhu et al. (2021), who reviewed only two studies
that evaluated this domain. Notably, in our meta-analysis, the studies that found more
beneficial effects of the VR-based intervention compared to the control intervention
were those that specifically focused on improving visuoconstruction (Kang et al., 2021;
Manenti et al., 2020; Torpil et al., 2021). Despite subgroups differences depending on
the length of the intervention did not reach statistical significance, 15 or more hours of
VR-based intervention had a large effect on visuoconstruction, whereas interventions
of less than 15 hours had no significant effects. The VR system may favor interaction
with intense visual stimuli (Torpil et al., 2021), which could facilitate the effectiveness of
the intervention when working with this cognitive domain, and results from our meta-
analysis suggest that the length of the intervention could be a relevant factor for this
facilitation. It should be noted that the effect of the length of the intervention had not
been specifically assessed for this domain in the meta-analysis by Zhu et al. (2021),
so, as far as we know, our study represents the first meta-analysis evaluating the
relevance of this modulating factor for the effectiveness of VR-based interventions on
visuoconstruction in patients with MCI.

An important issue to consider is the combination of physical exercise and cognitive

training in VR-based intervention programs, which was used in six out of the 13
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reviewed studies (Delbroek et al., 2017; Hughes et al., 2014; Hwan and Lee, 2017;
Liao et al., 2019, 2020; Mrakic-Sposta et al., 2018). Although it would be logical that
studies that focused exclusively on cognitive training would show better effects on
cognitive functioning than those in which cognitive training was interspersed with
physical exercise, no significant differences were found in any cognitive domain
depending on the type of intervention. This suggests that the combination of cognitive
training and physical exercise can be as effective as placing greater emphasis on
cognitive training, especially when they are conducted simultaneously rather than
sequentially (McEwen et al., 2018; Liao et al., 2020). The benefits of this combination
could be due to the fact that high-intensity exercise increases the release of brain-
derived neurotrophic factor (BDNF), a protein responsible for regulating certain
processes of neurogenesis, such as differentiation and survival (Liu and Nusslock,
2018). Increasing BDNF in specific brain areas such as the hippocampus or dentate
gyrus could promote better memory functioning and prevent cognitive decline (Liu et
al., 2019b).
It is noteworthy that seven out of the 13 studies included aspects related to

ADLs in their VR-based intervention programs (Liao et al., 2019, 2020; Mrakic-Sposta
et al., 2018; Park et al., 2019, 2020a, 2020b; Thapa et al., 2020). Although our meta-
analysis showed a non-significant effect of the inclusion of these aspects on objective
cognitive change, it has been suggested that an ADL-based perspective could increase
patients’ motivation and reduce their effort in understanding the process of performing
the cognitive task, which would allow them to direct their attention to another task and
improve the results of the intervention (Liao et al., 2019). The variability in the length of
the intervention between studies that included aspects related to ADLs could have
influenced the results obtained. Future studies should address this issue by employing
interventions with a homogeneous length.

Therapist accompaniment and support throughout the intervention is a factor that

was considered a key in explaining the benefits of the VR-based intervention. Manenti
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et al. (2020) suggest that the benefits of the VR-based intervention could be due to the
adherence to the intervention program generated by asynchronous interactions. Thus,
the importance of having the support of a therapist throughout the treatment, but not
necessarily in real-time, is emphasized (Manenti et al., 2020). These findings suggest
that the accompaniment of a professional is an essential element in the effectiveness
of VR-based neuropsychological interventions in patients with MCI or dementia.

One of the strengths of this meta-analysis is that it allows us to update the available
scientific evidence about the effects of VR-based neuropsychological interventions on
specific cognitive functions in patients with MCI, using specific terms for these
functions (i.e., attention, executive function, memory, language) in the search strategy.
In doing so, we aim to expand and update the only meta-analysis, to our knowledge,
that focused on the effects of VR interventions on the evolution of specific cognitive
functions in patients with MCI and dementia (Zhu et al., 2021), by including cognitive
domains that have not previously been analyzed (i.e., working memory and language)
in addition to attention, executive functions, memory, and visuoconstruction. Another
strength is that this review includes only RCTs, allowing enhanced control over causes
of spurious intervention effectiveness. In turn, this review analyzes the main factors
that could modulate the efficacy of VR-based interventions in improving cognitive
functioning in patients with MCI, allowing us to make recommendations that may be
useful in the Clinical Neuropsychology area. Despite these strengths, this meta-
analysis has several limitations. First, the sample size in most of the studies reviewed
was small, limiting the statistical power and generalization of the results. Second, the
characteristics of the VR environment varied depending on the study, limiting the
generalizability of the conclusions. Future studies should adapt the VR software to
specifically target individuals with MCI, so that the virtual environment is tailored to the
needs of each participant (e.g., establishing cues and aids, level of difficulty, and an
environment closer to the individual's reality). Third, there was no follow-up after the

end of the intervention in most of the studies, so it is not possible to draw conclusions
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about the long-term efficacy of VR-based interventions in this population. Fourth, most
of the studies did not take into account factors that could modulate participants'
cognitive functioning (e.g., cognitive reserve, diet, sleep, physical and cognitive activity
outside the intervention). Future studies should analyze the modulatory role of these
factors. Finally, only three studies evaluated the effects of a neuropsychological
intervention on brain functioning, in addition to assessing the cognitive evolution of the
participants (Kang et al., 2021; Liao et al., 2020; Thapa et al., 2020), and so further
studies are needed in this regard.

Despite these limitations, this meta-analysis shows that VR-based
neuropsychological interventions are effective in improving cognitive functioning in
patients with MCI, with attention and executive functions being the functions that
benefitted the most, and the length of the intervention being a key factor for their
effectiveness on language and visuoconstruction. Considering the findings of the
reviewed studies, it is possible to make certain recommendations for future studies.
First, VR-based interventions should have a duration of at least 15 hours. Second,
future studies should evaluate the generalization of the results of interventions focused
on basic and instrumental ADLs by employing interventions with a homogeneous
length. Third, the virtual environment should be as close as possible to the patient's
reality to ensure the transfer of cognitive improvements to ADLs. Fourth, the
effectiveness of VR-based neuropsychological interventions that include the teaching
of mnemonic strategies should be assessed in future studies. Fifth, follow-ups should
be established after the intervention to find out whether the benefits of the VR-based
intervention are maintained over time. Sixth, reliable change indices should be
considered in future RCTs. Finally, it should be noted that the results of this meta-
analysis could have relevant implications for clinical decision-making about patients
with MCI, especially because the pandemic caused by COVID-19 has forced different
professionals to use virtual tools in interventions. This situation prompts the field of

Neuropsychology to expand its research on these tools.

29

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 31 of 61

oNOYTULT D WN =

The Clinical Neuropsychologist

Acknowledgments
This research did not receive any specific grant from funding agencies in the pubilic,

commercial, or not-for-profit sectors.

Declaration of interest statement

The authors report there are no competing interests to declare.

Data availability
Data sharing is not applicable to this article as no new data were created in this study.
The authors confirm that the data supporting the findings of this study are available

within the article.

References

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5% ed.). https://doi.org/10.1176/appi.books.9780890425596

Aminov, A., Rogers, J. M., Middleton, S., Caeyenberghs, K., & Wilson, P. H. (2018).
What do randomized controlled trials say about virtual rehabilitation in stroke? A
systematic literature review and meta-analysis of upper-limb and cognitive
outcomes. Journal of Neuroengineering and Rehabilitation, 15(1), 29.
https://doi.org/10.1186/s12984-018-0370-2

Bahar-Fuchs, A., Martyr, A., Goh, A. M., Sabates, J., & Clare, L. (2019). Cognitive
training for people with mild to moderate dementia. The Cochrane Database of
Systematic Reviews, 3(3), CD013069.

https://doi.org/10.1002/14651858.CD013069.pub2

30

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist Page 32 of 61

Benoit, M., Rachid, G., Pierre-David, P., Emmanuelle, C., Valeria, M., Gaurav, C.,
George, D. & Robert, P. (2015). Is it possible to use highly realistic virtual reality
in the elderly? A feasibility study with image-based rendering. Neuropsychiatric
Disease and Treatment, 11, 557-563.http://doi.org/doi:10.2147/ndt.s73179

Berlim, M. T., McGirr, A., Rodrigues Dos Santos, N., Tremblay, S., & Martins, R.
(2017). Efficacy of theta burst stimulation (TBS) for major depression: An
exploratory meta-analysis of randomized and sham-controlled trials. Journal of
Psychiatric Research, 90, 102-109.
https://doi.org/10.1016/j.jpsychires.2017.02.015

Borenstein, M., Hedges, L.V., Higgins, J.P.T., & Rothstein, H.R. (2009). Effect sizes
based on means. In M. Borenstein, L.V. Hedges, J.P.T. Higgins & H.R.
Rothstein (Eds.), Introduction to meta-analysis (pp. 21-32). John Wiley & Sons.

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2010). A basic
introduction to fixed-effect and random-effects models for meta-analysis.
Research Synthesis Methods, 1(2), 97—111. https://doi.org/10.1002/jrsm.12

Caffarra, P., Vezzadini, G., Dieci, F., Zonato, F., & Venneri, A. (2002). Rey-Osterrieth
complex figure: normative values in an ltalian population sample. Neurological
Sciences, 22(6), 443-447. https://doi.org/10.1007/s100720200003

Cano-Lépez, I., Alifno, M., Duque, A., Martinez, P., Almela, M., Garcia-Rubio, M.J., &
Puig-Perez, S. (2021). Educational level as a protective factor against the
influence of depressive symptoms on cognition in older adults: implications for
functional independence during a 10-year follow-up. International
psychogeriatrics, 33(8), 813-825. https://doi.org/10.1017/S1041610221000272

Chelune, G. J., Naugle, R. |, Liders, H., Sedlak, J., & Awad, I. A. (1993). Individual
change after epilepsy surgery: Practice effects and base-rate information.
Neuropsychology, 7(1), 41-52. https://doi.org/10.1037/0894-4105.7.1.41

Choi, S.H., Shim, Y.S., Ryu, S.H., Ryu, H.J., Lee, D.W., Lee, J.Y., Jeong, J.H. & Han,
S.H. (2011). Validation of the Literacy Independent Cognitive Assessment.

31

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 33 of 61 The Clinical Neuropsychologist

1

2

i International Psychogeriatrics, 23(4), 593-601.

Z https://doi.org/10.1017/S1041610210001626

; Clare, L., Woods, R. T., Moniz Cook, E. D., Orrell, M., & Spector, A. (2003). Cognitive
?o rehabilitation and cognitive training for early-stage Alzheimer's disease and

1; vascular dementia. The Cochrane Database of Systematic Reviews, 4,

13 CD003260. https://doi.org/10.1002/14651858.CD003260

12 Corbo, I., & Casagrande, M. (2022). Higher-level executive functions in healthy elderly
1273 and mild cognitive impairment: a systematic review. Journal of Clinical

;g Medicine, 11(5), 1204. https://doi.org/10.3390/jcm11051204

% D'Cunha, N.M., Nguyen, D., Naumovski, N., McKune, A. J., Kellett, J.,

;;‘ Georgousopoulou, E.N., Frost, J. & Isbel, S. (2019). A mini-review of virtual

;? reality-based interventions to promote well-being for people living with dementia
;g and mild cognitive impairment. Gerontology, 65(4), 430-440.

i https://doi.org/10.1159/000500040

gg (*) Delbroek, T., Vermeylen, W. & Spildooren, J. (2017). The effect of cognitive-motor
gg dual task training with the biorescue force platform on cognition, balance and
g? dual task performance in institutionalized older adults: A randomized controlled
gg trial. Journal of Physical Therapy Science, 29(7), 1137-1143.

Ez https://doi.org/10.1589/jpts.29.1137

22 Delis, D.C., Kramer, J.H., Kaplan, E. & Ober, B.A. (1987). California Verbal Learning
22 Test: Adult version. Manual. Psychological Corporation.

2; Dubois, B., Slachevsky, A., Litvan, |. & Pillon, B. (2000). The FAB: A Frontal

gg Assessment Battery at bedside. Neurology, 55(11), 1621-1626.

g; https://doi.org/10.1212/wnl.55.11.1621

?i Duff, K. (2012). Evidence-based indicators of neuropsychological change in the

gg individual patient: relevant concepts and methods. Archives of Clinical

;73 Neuropsychology, 27(3), 248-261. https://doi.org/10.1093/arclin/acr120

0

32

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist Page 34 of 61

Ferreira-Brito, F., Alves, S., Santos, O., Guerreiro, T., Caneiras, C., Carrigo, L. &
Verdelho, A. (2020). Photo-realistic interactive virtual environments for
neurorehabilitation in mild cognitive impairment (NeuroVRehab.PT): A
participatory design and proof-of-concept study. Journal of Clinical
Medicine, 9(12), 3821. https://doi.org/10.3390/jcm9123821

Folstein, M.F., Folstein, S.E., & McHugh, P.R. (1975). "Mini-mental state". A practical
method for grading the cognitive state of patients for the clinician. Journal of
Psychiatric Research, 12(3), 189-198. https://doi.org/10.1016/0022-
3956(75)90026-6

Fonseca, J.A., Ducksbury, R., Rodda, J., Whitfield, T., Nagaraj, C., Suresh, K,
Stevens, T. & Walker, Z. (2015). Factors that predict cognitive decline in
patients with subjective cognitive impairment. International
Psychogeriatrics, 27(10), 1671-1677.
https://doi.org/10.1017/S1041610215000356

Galbraith, R. A. (1988). A note on graphical presentation of estimated odds ratios from
several clinical trials. Statistics in Medicine, 7(8), 889-894.
https://doi.org/10.1002/sim.4780070807

Giebel, C.M., Sutcliffe, C., Stolt, M., Karlsson, S., Renom-Guiteras, A., Soto, M.,
Verbeek, H., Zabalegui, A. & Challis, D. (2014). Deterioration of basic activities
of daily living and their impact on quality of life across different cognitive stages
of dementia: a European study. International Psychogeriatrics, 26(8), 1283—
1293. https://doi.org/10.1017/S1041610214000775

Golden, C. (1978). Stroop color and word test. Stoelting Company

Gualtieri, C.T., & Johnson, L.G. (2006). Reliability and validity of a computerized
neurocognitive test battery, CNS Vital Signs. Archives of clinical
neuropsychology: The Official Journal of the National Academy of

Neuropsychologists, 21(7), 623—643. https://doi.org/10.1016/j.acn.2006.05.007

33

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 35 of 61

oNOYTULT D WN =

The Clinical Neuropsychologist

Higgins, J.P.T., & Green, S. (2011). Cochrane handbook for systematic reviews of
interventions, version 5.1.0. The Cochrane Collaboration.

Higgins, J., Thomas, J., Chandler, J., Cumpston, M., Tianjing, L., Page, M., & Welch,
V. (2021). Cochrane handbook for systematic reviews of interventions version
6.2. The Cochrane Collaboration.

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring
inconsistency in meta-analyses. British Medical Journal, 327, 557-560.
https://doi.org/10.1136/bm].327.7414.557

Hill, N. T., Mowszowski, L., Naismith, S. L., Chadwick, V. L., Valenzuela, M., & Lampit,
A. (2017). Computerized cognitive training in older adults with mild cognitive
impairment or dementia: a systematic review and meta-analysis. The American
Journal of Psychiatry, 174(4), 329-340.
https://doi.org/10.1176/appi.ajp.2016.16030360

Hoffmann, T.C., Glasziou, P.P., Boutron, I., Milne, R., Perera, R., Moher, D., Altman,
D. G., Barbour, V., Macdonald, H., Johnston, M., Lamb, S.E., Dixon-Woods, M.,
McCulloch, P., Wyatt, J.C., Chan, AW., & Michie, S. (2014). Better reporting of
interventions: Template for intervention description and replication (TIDieR)
checklist and guide. BMJ, 348, 1687. https://doi.org/10.1136/bmj.g1687

(*) Hughes, T.F., Flatt, J.D., Fu, B., Butters, M.A., Chang, C.C. & Ganguli, M. (2014).
Interactive video gaming compared with health education in older adults with
mild cognitive impairment: a feasibility study. International Journal of Geriatric
Psychiatry, 29(9), 890-898. https://doi.org/10.1002/gps.4075

(*) Hwang, J. & Lee, S. (2017). The effect of virtual reality program on the cognitive
function and balance of the people with mild cognitive impairment. Journal of
Physical Therapy Science, 29(8), 1283-1286.
https://doi.org/10.1589/jpts.29.1283

Hyer, L., Scott, C., Atkinson, M. M., Mullen, C. M., Lee, A., Johnson, A., & Mckenzie, L.
C. (2016). Cognitive training program to improve working memory in older

34

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist Page 36 of 61

adults with MCI. Clinical Gerontologist, 39(5), 410-427.
https://doi.org/10.1080/07317115.2015.1120257

Josefsson, M., de Luna, X., Pudas, S., Nilsson, L.G. & Nyberg, L. (2012). Genetic and
lifestyle predictors of 15-year longitudinal change in episodic memory. Journal
of the American Geriatrics Society, 60(12), 2308-2312.
https://doi.org/10.1111/jgs.12000

Kallapiran, K., Koo, S., Kirubakaran, R., & Hancock, K. (2015). Review: Effectiveness
of mindfulness in improving mental health symptoms of children and
adolescents: a meta-analysis. Child and Adolescent Mental Health, 20(4), 182—
194. https://doi.org/10.1111/camh.12113

(*) Kang, J.M., Kim, N., Lee, S.Y., Woo, S.K,, Park, G., Yeon, B. K., Park, J.W., Youn,
J.H., Ryu, S.H., Lee, J.Y. & Cho, S.J. (2021). Effect of cognitive training in fully
immersive virtual reality on visuospatial function and frontal-occipital functional
connectivity in predementia: randomized controlled trial. Journal of Medical
Internet Research, 23(5), e24526. https://doi.org/10.2196/24526

Kang, Y., Na, D.L., & Hahn, S. (1997). A validity study on the Korean Mini-Mental State
Examination (K-MMSE) in dementia patients. Journal of the Korean
Neurological Association, 15(2), 300-308.

Katz, N., Elazar, B., & Itzkovich, M. (1995). Construct validity of a geriatric version
of the Loewenstein Occupational Therapy Cognitive Assessment (LOTCA)
battery. Physical & Occupational Therapy in Geriatrics, 13(3), 31-46.

Kang, Y., Jahng, S., Na, D. (2012). Seoul neuropsychological screening battery, 2nd
Edition (SNSB-II). Human Brain Research & Consulting Co.

Kim, T.H., Jhoo, J.H., Park, J.H., Kim, J.L., Ryu, S.H., Moon, S.W., Choo, |.H., Lee,
D.W., Yoon, J.C., Do, Y.J., Lee, S.B., Kim, M.D., & Kim, K.W. (2010). Korean
version of mini mental status examination for dementia screening and its' short
form. Psychiatry Investigation, 7(2), 102-108.
https://doi.org/10.4306/pi.2010.7.2.102

35

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 37 of 61

oNOYTULT D WN =

The Clinical Neuropsychologist

Langa, K. M., & Levine, D. A. (2014). The diagnosis and management of mild cognitive
impairment: a clinical review. JAMA, 312(23), 2551-2561.
https://doi.org/10.1001/jama.2014.13806

Levine, D.A., Gross, A.L., Bricefio, E.M., Tilton, N., Giordani, B.J., Sussman, J.B.,
Hayward, R.A., Burke, J.F., Hingtgen, S., Elkind, M.S.V., Manly, J.J.,
Gottesman, R.F., Gaskin, D.J., Sidney, S., Sacco, R.L., Tom, S.E., Wright, C.B.,
Yaffe, K. & Galecki, A.T. (2021). Sex differences in cognitive decline among US
adults. JAMA Network Open, 4(2), €210169.
https://doi.org/10.1001/jamanetworkopen.2021.0169

(*) Liao, Y.Y., Chen, I.H., Lin, Y.J., Chen, Y. & Hsu, W.C. (2019). Effects of virtual
reality-based physical and cognitive training on executive function and dual-task
gait performance in older adults with mild cognitive impairment: A randomized
control trial. Frontiers in Aging Neuroscience, 11, 162.
https://doi.org/10.3389/fnagi.2019.00162

(*) Liao, Y.Y., Tseng, H.Y., Lin, Y.J., Wang, C.J. & Hsu, W.C. (2020). Using virtual
reality-based training to improve cognitive function, instrumental activities of
daily living and neural efficiency in older adults with mild cognitive
impairment. European Journal of Physical and Rehabilitation Medicine, 56(1),
47-57. https://doi.org/10.23736/S1973-9087.19.05899-4

Lipnicki, D.M., Crawford, J.D., Dutta, R., Thalamuthu, A., Kochan, N.A., Andrews, G.,
Lima-Costa, M.F., Castro-Costa, E., Brayne, C., Matthews, F.E. & Cohort
Studies of Memory in an International Consortium (COSMIC). (2017). Age-
related cognitive decline and associations with sex, education and
apolipoprotein E genotype across ethnocultural groups and geographic regions:
A collaborative cohort study. PLoS Medicine, 14(3), e1002261.

https://doi.org/10.1371/journal.pmed.1002261

36

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist

Liu, P.Z. & Nusslock, R. (2018). Exercise-mediated neurogenesis in the hippocampus
via BDNF. Frontiers in Neuroscience, 12, 52.
https://doi.org/10.3389/fnins.2018.00052

Liu, Y., Tan, W., Chen, C., Liu, C., Yang, J. & Zhang, Y. (2019a). A review of the
application of virtual reality technology in the diagnosis and treatment of
cognitive impairment. Frontiers in Aging Neuroscience, 11, 280.
https://doi.org/10.3389/fnagi.2019.00280

Liu, Y., Yan, T., Chu, J.M.T., Chen, Y., Dunnett, S., Ho, Y.S., Wong, G.T.C. & Chang,
R.C.C. (2019b). The beneficial effects of physical exercise in the brain and
related pathophysiological mechanisms in neurodegenerative
diseases. Laboratory Investigation, 99(7), 943-957.
https://doi.org/10.1038/s41374-019-0232-y

Man, D.W., Chung, J.C. & Lee, G.Y. (2012). Evaluation of a virtual reality-based
memory training programme for Hong Kong Chinese older adults with
questionable dementia: A pilot study. International Journal of Geriatric
Psychiatry, 27(5), 513-520. https://doi.org/10.1002/gps.2746

(*) Manenti, R., Gobbi, E., Baglio, F., Macis, A., Ferrari, C., Pagnoni, |., Rossetto, F., Di
Tella, S., Alemanno, F., Cimino, V., Binetti, G., lannaccone, S., Bramanti, P.,
Cappa, S.F. & Cotelli, M. (2020). Effectiveness of an innovative cognitive
treatment and telerehabilitation on subjects with mild cognitive impairment: A
multicenter, randomized, active-controlled study. Frontiers in Aging
Neuroscience, 12, 585988. https://doi.org/10.3389/fnagi.2020.585988

Manera, V., Chapoulie, E., Bourgeois, J., Guerchouche, R., David, R., Ondrej, J.,
Drettakis, G. & Robert, P. (2016). A feasibility study with image-based rendered
virtual reality in patients with mild cognitive impairment and dementia. PloS
One, 11(3), e0151487. https://doi.org/10.1371/journal.pone.0151487

McEwen, S.C., Siddarth, P., Rahi, B., Kim, Y., Mui, W., Wu, P., Emerson, N.D., Lee, J.,
Greenberg, S., Shelton, T., Kaiser, S., Small, G.W. & Merrill, D.A. (2018).

37

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk

Page 38 of 61



Page 39 of 61 The Clinical Neuropsychologist

1

2

i Simultaneous aerobic exercise and memory training program in older adults

Z with subjective memory impairments. Journal of Alzheimer's Disease:

; JAD, 62(2), 795-806. https://doi.org/10.3233/JAD-170846

?O Meehan, M., Razzaque, S., Insko, B., Whitton, M., & Brooks, F. P., Jr (2005). Review
1; of four studies on the use of physiological reaction as a measure of presence in
:2 stressful virtual environments. Applied Psychophysiology and Biofeedback,

12 30(3), 239-258. https://doi.org/10.1007/s10484-005-6381-3

1273 Miller, J. B., Schoenberg, M. R., & Bilder, R. M. (2014). Consolidated Standards of

;g Reporting Trials (CONSORT): considerations for neuropsychological research.
% The Clinical Neuropsychologist, 28(4), 575-599.

;;‘ https://doi.org/10.1080/13854046.2014.907445

;? Moola, S., Munn, Z., Tufanaru, C., Aromataris, E., Sears, K., Sfetcu, R., Currie, M.,

2 Qureshi, R., Mattis, P., Lisy, K. & Mu, P-F. (2020). Systematic reviews of

g? etiology and risk. En E. Aromataris y Z. Munn (Eds.), JBI Manual for Evidence
gg Synthesis. JBI. https://doi.org/10.46658/JBIMES-20-08

gg Morris, J.C., Heyman, A., Mohs, R.C., Hughes, J.P., van Belle, G., Fillenbaum, G.,

g? Mellits, E.D. & Clark, C. (1989). The Consortium to Establish a Registry for

gg Alzheimer's Disease (CERAD). Part I. Clinical and neuropsychological

Ez assessment of Alzheimer's disease. Neurology, 39(9), 1159-1165.

22 https://doi.org/10.1212/wnl.39.9.1159

22 (*) Mrakic-Sposta, S., Di Santo, S.G., Franchini, F., Arlati, S., Zangiacomi, A., Greci, L.,
2; Moretti, S., Jesuthasan, N., Marzorati, M., Rizzo, G., Sacco, M. & Vezzoli, A.
gg (2018). Effects of combined physical and cognitive virtual reality-based training
g; on cognitive impairment and oxidative stress in MCI patients: A pilot

22 study. Frontiers in Aging Neuroscience, 10, 282.

gg https://doi.org/10.3389/fnagi.2018.00282

;73 Nasreddine, Z.S., Phillips, N.A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin,
Zg I., Cummings, J.L., & Chertkow, H. (2005). The Montreal Cognitive Assessment,

38

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist Page 40 of 61

MoCA: A brief screening tool for mild cognitive impairment. Journal of the
American Geriatrics Society, 53(4), 695-699. https://doi.org/10.1111/j.1532-
5415.2005.53221.x

Novelli, G., Papagno, C., Capitani, E. & Laiacona, M. (1986). Tre test clinici di ricerca e
produzione lessicale. Taratura su sogetti normali [Three clinical tests to
research and rate the lexical performance of normal subjects]. Archivio di
Psicologia, Neurologia e Psichiatria, 47(4), 477-506.

Oliveira, J., Gamito, P., Souto, T., Conde, R., Ferreira, M., Corotnean, T., Fernandes,
A., Silva, H. & Neto, T. (2021). Virtual Reality-Based Cognitive Stimulation on
People with Mild to Moderate Dementia due to Alzheimer's Disease: A Pilot
Randomized Controlled Trial. International Journal of Environmental Research
and Public Health, 18(10), 5290. https://doi.org/10.3390/ijerph18105290

Padala, K. P., Padala, P. R., Malloy, T. R., Geske, J. A., Dubbert, P. M., Dennis, R. A.,
Garner, K. K., Bopp, M. M., Burke, W. J., & Sullivan, D. H. (2012). Wii-fit for
improving gait and balance in an assisted living facility: a pilot study. Journal of
Aging Research, 597573. https://doi.org/10.1155/2012/597573

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D.,
Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J.,
Grimshaw, J.M., Hrébjartsson, A., Lalu, M.M., Li, T., Loder, E.W., Mayo-Wilson,
E., McDonald, S., Moher, D. (2021). The PRISMA 2020 statement: An updated
guideline for reporting systematic reviews. BMJ, 372(8284), 71.
https://doi.org/10.1136/bmj.n71

(*) Park, E., Yun, B.J., Min, Y.S., Lee, Y.S., Moon, S.J., Huh, JW., Cha, H., Chang, Y.
& Jung, T.D. (2019). Effects of a mixed reality-based cognitive training system
compared to a conventional computer-assisted cognitive training system on
mild cognitive impairment: A pilot study. Cognitive and Behavioral Neurology:
Official Journal of the Society for Behavioral and Cognitive Neurology, 32(3),
172-178. https://doi.org/10.1097/WWNN.0000000000000197

39

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 41 of 61 The Clinical Neuropsychologist

1

2

2 (*) Park, J.H., Liao, Y., Kim, D.R., Song, S., Lim, J.H., Park, H., Lee, Y. & Park, K.W.

Z (2020a). Feasibility and tolerability of a culture-based virtual reality (VR) training
; program in patients with mild cognitive impairment: A randomized controlled

?O pilot study. International Journal of Environmental Research and Public

1; Health, 17(9), 3030. https://doi.org/10.3390/ijerph17093030

:i (*) Park, J.S., Jung, Y.J. & Lee, G. (2020b). Virtual reality-based cognitive-motor

:2 rehabilitation in older adults with mild cognitive impairment: A randomized

1373 controlled study on motivation and cognitive function. Healthcare 8(3), 335.

;g https://doi.org/10.3390/healthcare8030335

% Petersen, R.C., Lopez, O., Armstrong, M.J., Getchius, T., Ganguli, M., Gloss, D.,

;‘5‘ Gronseth, G.S., Marson, D., Pringsheim, T., Day, G.S., Sager, M., Stevens, J. &
;? Rae-Grant, A. (2018). Practice guideline update summary: Mild cognitive

;2 impairment: Report of the guideline development, dissemination, and

2(1) implementation subcommittee of the American Academy of

gg Neurology. Neurology, 90(3), 126—135.

32 https://doi.org/10.1212/WNL.0000000000004826

g? Posner, M.1., & Petersen, S.E. (1990). The attention system of the human brain.

gg Annual Review of Neuroscience, 13, 25-42.

EE https://doi.org/10.1146/annurev.ne.13.030190.000325

ji Reitan, R.M. & Wolfson, D. (1985). The Halstead-Reitan neuropsychological test

22 battery: Theory and clinical interpretation. Tucson.

j; Rey, A. (1964). L'examen clinique en psychologie. [The clinical examination in

:g psychology]. Presses universitaires de France.

g; Rose, T., Nam, C.S. & Chen, K.B. (2018). Immersion of virtual reality for rehabilitation-
ii review. Applied Ergonomics, 69, 153-161.

gg https://doi.org/10.1016/j.apergo.2018.01.009

;7; Rosenthal, R. (1993). Meta-analytic procedures for social research. Sage Publications.
e

40

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist Page 42 of 61

Royall, D.R., Mahurin, R.K. & Gray, K.F. (1992). Bedside assessment of executive
cognitive impairment: the executive interview. Journal of the American
Geriatrics Society, 40(12), 1221-1226. https://doi.org/10.1111/j.1532-
5415.1992.tb03646.x

Santos, P., Scaldaferri, G., Santos, L., Ribeiro, N., Neto, M., & Melo, A. (2019). Effects
of the Nintendo Wii training on balance rehabilitation and quality of life of
patients with Parkinson's disease: A systematic review and meta-analysis.
NeuroRehabilitation, 44(4), 569-577. https://doi.org/10.3233/NRE-192700

Saxton, J., Morrow, L., Eschman, A., Archer, G., Luther, J., & Zuccolotto, A. (2009).
Computer assessment of mild cognitive impairment. Postgraduate Medicine,
121(2), 177-185. https://doi.org/10.3810/pgm.2009.03.1990

Schwenk, M., Sabbagh, M., Lin, |., Morgan, P., Grewal, G. S., Mohler, J., Coon, D. W.,
& Naijafi, B. (2016). Sensor-based balance training with motion feedback in
people with mild cognitive impairment. Journal of Rehabilitation Research and
Development, 53(6), 945—-958. https://doi.org/10.1682/JRRD.2015.05.0089

Serino, S., Pedroli, E., Tuena, C., De Leo, G., Stramba-Badiale, M., Goulene, K.,
Mariotti, N.G. & Riva, G. (2017). A Novel Virtual Reality-Based Training Protocol
for the Enhancement of the "Mental Frame Syncing" in Individuals with
Alzheimer's Disease: A Development-of-Concept Trial. Frontiers in Aging
Neuroscience, 9, 240. https://doi.org/10.3389/fnagi.2017.00240

Shah, P., & Miyake, A. (1999). Toward unified theories of working memory: Emerging
general consensus, unresolved theoretical issues, and future research
directions. In A. Miyake & P. Shah (Eds.), Models of working memory:
Mechanisms of active maintenance and executive control (pp. 442-482). Oxford
University Press.

Sherman, D. S., Mauser, J., Nuno, M., & Sherzai, D. (2017). The efficacy of cognitive

intervention in mild cognitive impairment (MCI): a meta-analysis of outcomes on

41

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 43 of 61

oNOYTULT D WN =

The Clinical Neuropsychologist

neuropsychological measures. Neuropsychology Review, 27(4), 440-484.
https://doi.org/10.1007/s11065-017-9363-3

Slater, M., Perez-Marcos, D., Ehrsson, H. H., & Sanchez-Vives, M. V. (2008). Towards
a digital body: the virtual arm illusion. Frontiers in Human Neuroscience, 2, 6.
https://doi.org/10.3389/neuro.09.006.2008

Styk, S., Zarzycki, M.Z., Kocwa-Karnas, A. & Domitrz, |. (2019). Virtual reality in the
diagnostics and therapy of neurological diseases. Expert Review of Medical
Devices, 16(12), 1035-1040. https://doi.org/10.1080/17434440.2019.1693892

Spinnler, H., & Tognoni, G. (1987). Standardizzazione e taratura italiana di test
neuropsicologici: Gruppo italiano per lo studio neuropsicologico
dell'invecchiamento. Masson ltalia Periodici.

Strong, J. (2020). Immersive virtual reality and persons with dementia: a literature
review. Journal of Gerontological Social Work, 63(3), 209-226.
https://doi.org/10.1080/01634372.2020.1733726

Tarnanas, |., Tsolakis, A., & Tsolaki, M. (2014). Assessing virtual reality environments
as cognitive stimulation method for patients with MCI. In: A.L. Brooks, S.
Brahnam, L.C. Jain (Eds.), Technologies of inclusive well-being. Studies in
computational intelligence (pp. 39-74). Springer.

(*) Thapa, N., Park, H.J., Yang, J.G., Son, H., Jang, M., Lee, J., Kang, S.W., Park,
K.W. & Park, H. (2020). The Effect of a Virtual Reality-Based Intervention
Program on Cognition in Older Adults with Mild Cognitive Impairment: A
Randomized Control Trial. Journal of Clinical Medicine, 9(5), 1283.
https://doi.org/10.3390/jcm9051283

The Cochrane Collaboration (2020). Review Manager, Version 5.4.1. The Nordic
Cochrane Centre: Copenhagen, Denmark.

Tieri, G., Morone, G., Paolucci, S., & losa, M. (2018). Virtual reality in cognitive and
motor rehabilitation: facts, fiction and fallacies. Expert Review of Medical
Devices, 15(2), 107-117. https://doi.org/10.1080/17434440.2018.1425613

42

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Clinical Neuropsychologist Page 44 of 61

(*) Torpil, B, Sahin, S., Pekgetin, S. & Uyanik, M. (2021). The effectiveness of a virtual
reality-based intervention on cognitive functions in older adults with mild
cognitive impairment: A single-blind, randomized controlled trial. Games for

Health Journal, 10(2), 109-114. https://doi.org/10.1089/g4h.2020.0086

Tuokko, H., Hadjistavropoulos, T., Miller, J.A., Horton, A., & Beattie, B.L. (1995). The

Clock Test: Manual for administration and scoring. Mental Health Systems.

Viana, R. B., de Oliveira, V. N., Dankel, S. J., Loenneke, J. P., Abe, T., da Silva, W. F.,
Morais, N. S., Vancini, R. L., Andrade, M. S., & de Lira, C. (2021). The effects of
exergames on muscle strength: A systematic review and meta-analysis.
Scandinavian Journal of Medicine & Science in Sports, 31(8), 15692-1611.

https://doi.org/10.1111/sms.13964

Weschler, D. (2008). Wechsler Adult Intelligence Scale--Fourth Edition (WAIS-1V)
[Database record]. APA PsycTests. https://doi.org/10.1037/t15169-000

World Health Organization. (2021, October 4). Ageing and Health.
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health

Yagiz, G., Akaras, E., Kubis, H. P., & Owen, J. A. (2022). The effects of resistance
training on architecture and volume of the upper extremity muscles: a
systematic review of randomised controlled trials and meta-analyses. Applied
Sciences, 12, 1593. https://doi.org/10.3390/app12031593

Zhu, S., Sui, Y., Shen, Y., Zhu, Y., Ali, N., Guo, C., & Wang, T. (2021). Effects of virtual
reality intervention on cognition and motor function in older adults with mild
cognitive impairment or dementia: a systematic review and meta-analysis.
Frontiers in Aging Neuroscience, 13, 586999.

https://doi.org/10.3389/fnagi.2021.586999

43

URL: http://mc.manuscriptcentral.com/ntcn Email: NTCN-peerreview@journals.tandf.co.uk



Page 45 of 61 The Clinical Neuropsychologist
1
2
3
4 Table 1
5
6 Summary of studies
7
8 Author
9 Ages(gnsgﬂg/ o VR-based intervention Non VR-based intervention . Assessment Resuls
(o) .
10 women) Characteristics of . Characteristics of Number of instruments
n intervention in EG Number of sessions ;0 vention in CG sessions
12 Delbroek et al. Serious games 12 sessions, twice a  Usual treatment n.s. Pre- and post- Tinetti-POMA EG vs CG: N.s.d. in no domain.
13 (2017) BioRescue training week with a carried out in the intervention scale, iTUG, D-
14 N= 20 participants program containing 9 duration that residential care evaluation. MoCA, D-IMIl, and  EG: 1 in the total time of the gait
15 with MCI exercises focused on gradually increased  center. OERS. balance and gait performance
16 EG: n=10; age: improving balance, from 18 minutes in Mann-Whitney U test (iTUG).
17 86.9 (5.6) (80%) weight bearing, memory,  the first week to 30 test, and Wilcoxon
CG: n=10; age: attention, and dual tasks.  minutes in the fifth signed-rank test.
18 87.5 (6.6) (50%) Combined with regular week.
19 treatment.
20
21 Multidomain: attention
22 and memory.
23 Hughes et al. Video games 24 sessions, 90 A passive 24 sessions, Evaluation pre-, CAMCI, CSRQ- EG vs. CG: N.s.d. in global
24 (2014) Cognitive training through  minutes once a cognitive 90 minutes post, and one 25, and TIADL. cognitive functioning.
5 N= 20 participants Nintendo Wii (e.g., week for 24 weeks.  stimulation each, once a year after the
5 with MCI bowling, golf, tennis, and program called week for 24 intervention.
26 EG: n= 10; age: baseball) focused on Healthy Aging weeks.
27 78.5 (7.1) (80%) improving global Education Wilcoxon signed-
28 CG: n=10; age: cognitive functioning. Program (includes rank test, and
29 76.2 (4.3) (60%) 10 keys to healthy Wilcoxon rank
Multidomain: specific aging). sum.

2(1) functions n.s.

wang and Lee ormat of the sessions, raditiona n.s. re- and post- , , an vs CG: > working memory
32 H dL F tofth 100 i 30 Traditional P d t VST, WCT, and EG vs CG ki

(2017) intervention: n.s. minutes each, 5 occupational intervention LOS. (VST), concentration (WCT),

33 N= 24 participants Cognitive training days a week for 20  therapy. evaluation. and balance ability (LOS) at the
34 with MCI focused on memory and weeks. end of the intervention.
35 EG: n=12; age: balance capacity. Paired-samples t-
36 74.1 (6.0) (66.67%) test, and EG: 1 working memory (VST),
37 CG: n=12; age: Specific cognitive independent two- concentration (WCT), and
38 70.01 (5.3) (75%) domain: memory. samples t-test. balance ability (LOS).
39
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Author
Sample VR-based intervention Non VR-based intervention Assessment
Age (SD) (% of Assessment instruments Results
women) Characteristics of . Characteristics of Number of
: S Number of sessions . S .
intervention in EG intervention in CG sessions
Kang et al. (2021) Serious games 8 sessions lasting Usual therapy as n.s. Pre- and post- K-MMSE, CDR, EG vs CG: 1 visuoconstruction

N= 41 participants
with MCI

20-30 min each,
twice a week for a

Cognitive training aimed
at attention, executive

pharmacotherapy

intervention
evaluation (at the

CDR-SOB, Global
impairment scale,

(ROCFT) and regional functional
connectivity in cerebral cortexes

EG: n=23; age: function, memory, month. end of 8 weeks). IADL Scale, and white matter (ROCFT-
75.48 (4.67) visuospatial orientation, ROCFT, related areas).
(73.9%) and processing speed. Paired t-test and Phonemic Word
CG: n=18; age: repeated Fluency Test,
73.28 (6.96) Multidomain: attention, measures QOL-AD, TMT-A,
(66.7%) executive function, ANOVA. TMT-B, K-BNT,
memory and SVLT, Stroop,
visuoconstruction. GDS, AES,
PANAS, SSQ,
and rsfMRI.
Liao et al. (2019) ADL-based tasks 36 sessions. 60 min  Physical training: 36 sessions. Pre- and post- TMT A and B, EG vs CG: 1 alternating
N= 34 participants Physical training: per session, 3 times  endurance, 60 minutes per intervention Stroop and gait attention (TMT-B) and |
with MCI VR-based exercises of a week for 12 aerobic, and session, 3 evaluation (at the performance. interference in gait performance
EG: n = 18; age= 24-form Yang-style Tai weeks. balance exercises times a week end of 36 during dual task after
75.5 (5.2) (61.1%) chi, resistance, aerobic to reach 50-75% for 12 weeks. sessions). intervention. N.s.d. on other
CG:n=16; and functional. of maximum heart variables.
age=73.1(6.8) Cognitive training: VR- rate. Cognitive Repeated
(75%) based games from IADL training: measures EG: 1 Stroop test performance
(i.e., mass rapid transit, simultaneous with ANOVAs. (numbers and time), delta TMT

store finder, kitchen chef,
and store clerk).

Multidomain: attention,
executive function,
memory, and
visuoconstruction.

physical training
(e.g., walking and
turning around
while reciting
poems).

performance (TMT-B-TMT-A).
CG: 1 Stroop test performance
(numbers and time).
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1
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3
4 Author ) ) ) .
5 Sample VR-based intervention Non VR-based intervention Assessment
6 Age (SD) (% of Assessment instruments Results
7 women) Characteristics of Number of sessions Characteristics of Number of
8 intervention in EG intervention in CG sessions
9 Liao et al. (2020) ADL-based tasks 36 sessions. 60 min  Physical training: 36 sessions. Pre- and post- MoCA, EXIT-25, EG vs CG: 1 in IADL after
N= 34 participants Physical training: per session (40 min  endurance, 60 minutes per intervention CVVLT, IADL intervention. N.s.d. in other
10 with MCI VR-based exercises of of physical exercise  aerobic, and session, 3 evaluation (atthe  Scale and NIRS. variables.
1 EG: n=18; age= 24-form Yang-style Tai and 20 min of balance times a week end of 36
12 75.5(5.2) (61.1%) chi, endurance, aerobic cognitive training), 3  exercises, with for 12 weeks. sessions). CG: 1 in executive function and
13 CG: n = 16; age= and functional. times a week for 12 gradually immediate verbal memory and |
14 73.1 (6.8) (75%) Cognitive training: IADL weeks. increasing Repeated in right prefrontal activation after
15 VR-based games (i.e., difficulty. measures intervention.
16 shopping, preparing food, Cognitive training: ANOVAs.
managing finances, and simultaneous to EG: 1 executive function, global
17 using transportation). physical training cognitive functioning, and
18 (e.g., walking and immediate and long-term verbal
19 Multidomain: attention, turning while memory, IADL and | in left, right
20 executive function, reciting poems). and bilateral prefrontal activation
21 memory, and after intervention.
22 visuocontruction.
23 Manenti et al. Serious games EG 1: VRRS: 12 Conventional 12 sessions 4 evaluations: EMQ, BADL, IADL EG1 vs CG (T1): 1 in memory,
(2020) EG 1: VRRS (12 sessions lasting 60  face-to-face lasting 60 min  before starting the  Scale, GDS, NPI,  language, attention, and
24 N= 49 participants exercises for memory, min each for 4 cognitive each. At the intervention (T0), QOL-AD, Raven’s  visuoconstruction.
25 with amnesic and visuospatial skills, weeks. Tele@H- rehabilitation end of these at the end of the Colored
26 non-amnesic MCI attention, and executive VRRS: 36 sessions  (clinic-TAU). sessions, intervention (T1), Progressive EG2: | memory at T2-T3 with
27 EG1: n =18; age: functions) + Tele@H- lasting 60 min each participants 4 months after Matrices, BADA, respect to T1.
28 75.3 (3.3) (27.8%) VRRS (cognitive at home (3 sessions were asked starting the ROCFT, CDT,
29 EG2: n = 14; age: stimulation at home with per week) for 3 not to perform  intervention (T2), TMT, RAVLT, EG1 and CG: no significant
76.3 (4.9) (71.4%) VR). months. cognitive and 7 months FCSRT. changes at T2-T3 with respect
30 CG: n=17; age: EG 2: VRRS + Tele@H- activities until after starting the to T1.
31 78.1(4.1) (58.82%) UCS (unstructured EG 2: VRRS: 12 the end of the intervention (T3).
32 cognitive stimulation at sessions lasting 60 intervention. EG1 vs EG2: better
33 home: diary, reading the min each for 4 Generalized linear performance on executive
34 newspaper...) weeks. Tele@H- mixed models. functions at T2 and T3.
35 UCS: 36 sessions
36 Multidomain: attention, lasting 60 min each
executive functions, at home (3 sessions
37 memory, and per week) for 3
38 visuoconstruction. months.
39
40
41
42
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Author
Sample VR-based intervention Non VR-based intervention
Age (SD) (% of Assessment ﬁssi?j;rgﬁtg t Results
women) Characteristics of Number of sessions Characteristics of Number of
intervention in EG intervention in CG sessions
Mrakic-Sposta et al. ADL-based tasks 3 times aweek for6 They did not - Pre- and post- MMSE, RAVLT, EG vs CG: N.s.d.
(2018) Physical and cognitive weeks (18 sessions  receive treatment. intervention ROCFT, AM,
N= 10 participants training through 3 virtual in total). Each evaluation (atthe = TMT, FAB, VF EG: mild 1 in MMSE, ROCF,
with MCI environments: cycling in session lasted 40- end of the 6 and FAQ. FAB, AM, and ADL (after
EG: n =5; age: a park (physical), 45 minutes. weeks). removal of an outlier) after the
72.00 (5.15) (60%)  crossing streets avoiding intervention.
CG: n =5; age: cars (cognitive), and Mann Whitney U-
74.60 (6.43) (60%) shopping in a test, and CG: | in MMSE, ROCFT, FAB,
supermarket (cognitive). Wilcoxon matched AM, and ADL after the
pair signed rank intervention.
Multidomain: attention, test.
executive function,
language and
visuoconstruction.
Park et al. (2019) ADL-based tasks Three 30-minute Conventional Three 30- Pre- and post- CERAD-K, CDR, EG vs CG: 1 in visuospatial
N= 21 participants Cognitive training system  sessions per week computer-assisted minute intervention BDI, Modified working memory after the
with MCI based on mixed reality. for 6 weeks (total of  cognitive training sessions per evaluation (at the Barthel Index. intervention. N.s.d. in other
EG: n =10; age: 15 ADL-related tasks 540 minutes) system week for 6 end of the 6 domains.
70.60 (4.29) (80%)  focused on: selective weeks (total of  weeks).
CG: n =11; age: attention, visual and 540 minutes)
73.36 (5.50) verbal working memory, Repeated
(81.8%) executive functions measures
(sequencing, planning ANOVAs.

and problem solving),

and computation.

Multidomain: attention,
executive function, and

working memory.
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4 Author ) ) ) .
5 Sample VR-based intervention Non VR-based intervention Assessment
6 Age (SD) (% of Assessment instruments Results
7 women) Characteristics of Number of sessions Characteristics of Number of
8 intervention in EG intervention in CG sessions
9 Park et al. (2020a) ADL-based tasks 30 min, 2 days a They did not - Pre- and post- K-MMSE, SGDS- EG vs. CG: N.s.d. on any test.
N= 21 participants VR-based cognitive week for 3 months receive treatment. intervention K, SNSB-D, DST,
10 with amnestic MCI training focused on (24 sessions in evaluation (atthe  Stroop, and word
1 EG: n=10; age: attention, processing total). end of 24 fluency test.
12 71.80 (6.61) speed, executive sessions).
13 (72.7%) function, and memory.
14 CG: n=11; age: Repeated
15 69.45 (7.45) Multidomain: attention, measures
16 (66.6%) executive function, and ANOVAs.
memory.
17 Park et al. (2020b) ADL-based tasks 30 min per day, 5 Pencil and paper 30 min per Pre- and post- MoCA, TMT (A EG vs CG: 1 general cognition
18 N= 35 participants VR-based software to times a week for 6 activities (puzzles, day, 5timesa intervention and B) and DST (MoCA), attention (TMT-A and
19 with MCI perform activities such as  weeks. mazes, wooden week for 6 evaluation (atthe  (direct and TMT-B), and working memory
20 EG: n=18; age: driving, bathing, cooking, blocks, card weeks. end of the 6 inverse) and self-  (direct digits) after intervention,
21 75.8 (8.5) (44.4%) shopping. games, and stick weeks). report to measure  and > motivation toward
22 CG: n=17; age: building activities). motivation intervention. N.s.d. in reverse
23 77.2 (7.2) (58.8%) Multidomain: attention, Independent t- towards the digits.
executive function, and tests. intervention.
24 memory. EG: 1 performance on all tests
25 after the intervention.
26
27 CG: 1 general cognition (MoCA),
28 working memory (digits) after
29 the intervention. No change in
30 attention (TMT).
31 Thapa et al. (2020)  Serious games 24 sessions of 100 General health 8 sessions of Pre- and post- K-MMSE, NCGG- EGvs CG: | TMT-B time N.s.d
N= 68 participants Cognitive training minutes, 3 times a care education 30-50 min, intervention FAT (TMT-A, in any other domain.
32 with MCI program: 4 games (i.e. week for 8 weeks. program. once a week. evaluation. TMT-B y SDST)
33 EG: n= 34, age: juice making, crow and EGG. EG: | theta waves in parietal
34 72.6 (6.4) (82.35%) shooting, fireworks and Repeated and temporal lobe after
35 CG: n= 34, age: house of love). measures intervention.
36 72.27 (5.6) ANOVAs.
37 (70.59%) Multidomain: attention
and memory.
38
39
40
41
42
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Author
Sample VR-based intervention Non VR-based intervention Assessment
Age (SD) (% of Assessment instruments Results
women) Characteristics of . Characteristics of Number of
: S Number of sessions . S .
intervention in EG intervention in CG sessions
Torpil et al. (2021) Video games VR: 45 min Conventional Sessions Pre- and post- LOTCA-G. EG vs CG: 1 orientation,
N= 61 participants VR + conventional sessions, 2 times a  cognitive lasting 45 intervention visuospatial perception,

with MCI

EG: n=30; age:
70.30 (2.73)
(54.8%)

CG: n= 31; age:
70.12 (2.57)
(63.3%)

cognitive rehabilitation.
-VR: 4 games
(BoxingTrainer, Jet Run,
Superkick and Air
Challenge) aimed at
attention, visuospatial
perception, visuomotor
organization, reaction
time, and orientation.

- Conventional cognitive
rehabilitation: designed
based on the LOTCA-G
subtests.

Multidomain: attention
and visuoconstruction.

week for 12 weeks.
Conventional
cognitive
rehabilitation: 45
min sessions, 2
times a week for 12
weeks.

minutes each,
twice a week
for 12 weeks.

rehabilitation
designed based
on the LOTCA-G
subtests. Week 1-
8: attention,
memory,
orientation,
visuospatial
perception,
visuomotor
organization,
praxias, and
operative thinking.
Week 9-12: all
cognitive
functions.

evaluation (at the
end of the 12
weeks).

Mann—-Whitney U-
test andWilcoxon
matched pair
signed rank test.

visuomotor organization,
operant thinking, and attention-
concentration.

Note. ADL= activities of daily living; AES= Apathy Evaluation Scale; BADA= Battery for the Assessment of Aphasic Disorders; BADL= basic activities of daily living; BDI= Beck
Depression Inventory; CAMCI= Computerized Assessment of Mild Cognitive Impairment; CDR= Clinical Dementia Rating Scale; CDR-SOB= Clinical Dementia Rating Scale Sum
of Boxes; CDT= Clock Drawing Test; CERAD-K= Consortium to Establish a Registry for Alzheimer's Disease-Korean Version; CG= control group; CSRQ-25= Cognitive Self-
Report Questionnaire-25; clinic-TAU= conventional cognitive rehabilitation; CVVLT= Chinese version of the Verbal Learning Test; D-IMI= Dutch Version- Intrinsic Motivation
Inventory; DST= Digit Span Test; D-MoCA= Dutch Version-Montreal Cognitive Assessment; EG= experimental group; EGG= Electroencephalogram; EMQ= Everyday Memory
Questionnaire; EXIT-25= Executive Interview 25; FAB= Frontal Lobe Assessment Battery; FAQ= Functional Activity Questionnaire; FCSRT= Free and Cued Selective Reminding
Test; GDS= Geriatric Depression Scale; IADL = instrumental activities of daily living; iTUG= Timed Up and Go Test; K-BNT= Korean Version of the Boston Naming Test; K-
MMSE= Mini Mental State Examination-Korean Version; LOTCA-G= Loewenstein Occupational Therapy Cognitive Assessment Geriatric version; LOS= Limit of Stability; MCl=
mild cognitive impairment; MMSE= Mini Mental State Examination; MoCA= Montreal Cognitive Assessment; NCGG-FAT= National Center for Geriatrics and Gerontology
Functional Assessment Tool; NIRS= near-infrared spectroscopy; NPI= Neuropsychiatric Inventory; N.s.d.: no significant differences; n.s.= not specified; OERS= Observed
Emotion Rating Scale; PANAS= Positive and Negative Affect Schedule; QOL-AD= Quality of Life in Alzheimer’s Disease; RAVLT= Rey Auditory Verbal Learning Test; ROCFT=

Rey-Osterrieth Complex Figure Test; rsfMRI= Functional Magnetic Resonance Imaging in the Resting State; SDST= Symbol Digit Substitution Test; SGDS-K= Korean version of
the Geriatric Depression Scale; SNSB-D= Seoul Neuropsychological Screening Battery-Dementia Version; SSQ= Simulator Sickness Questionnaire; SVLT= Seoul Verbal
Learning Test; TIADL= Timed Instrumental Activities of Daily Living; Tinetti-POMA Scale= Tinetti-Performance-Oriented Mobility Assessment; TMT = Trail Making Test; Tele@H-
VRRS= VR Cognitive Telerehabilitation at Home; Tele@H-UCS= Unstructured Cognitive Stimulation at Home; VF= Verbal Fluency Test; VR: virtual reality; VRRS= Face-to-Face
Virtual Rehab System with Virtual Reality; VST= Visual Span Test; WCT= Word Color Test; WCST= Wisconsin Card Sorting Test.
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Table 2
Risk of bias of RCTs
Authors Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 % of compliance

Delbroek et al. (2017) v U Y U Y U v v v % U N Y 62%
Hughes etal. (2014) Y U Y U U U Y Y Y Y U Y Y 62%
Hwang and Lee (2017) Y U U U U U Y Y Y Y U N Y 46%
Kang etal. (2021) Y N Y N N N Y Y Y Y Y Y Y 69%
Liao et al. (2019) Y Y Y U U Y Y Y Y Y U N Y 69%
Liao et al. (2020) Y Y Y U U Y Y Y Y Y U Y Y 7%
Manenti et al. (2020) Y Y Y N Y Y Y Y Y Y U N Y 7%
Mrakic-Sposta et al. (2018) v U Y U U U v % v v v U v 62%
Park etal. (2019) Y U Y U U Y Y Y Y Y Y U Y 69%
Park et al. (2020a) Y U Y N U U Y Y Y Y U U Y 54%
Park et al. (2020b) Y Y Y U U U Y Y Y Y U Y Y 69%
Thapa etal. (2020) Y U Y U U U Y Y Y Y Y Y Y 69%
Torpil et al. (2021) Y Y Y U U Y Y Y Y Y U Y Y 92%
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Note. N: no; U: unclear; Y: yes; Q1: Was true randomization used for assignment of participants to treatment groups?; Q2: Was allocation to
treatment groups concealed?; Q3: Were treatment groups similar at the baseline?; Q4: Were participants blind to treatment assignment?; Q5:
Were those delivering treatment blind to treatment assignment?; Q6: Were outcomes assessors blind to treatment assignment?; Q7: Were
treatment groups treated identically other than the intervention of interest?; Q8: Was follow up complete and if not, were differences between
groups in terms of their follow up adequately described and analyzed?; Q9: Were participants analyzed in the groups to which they were
randomized?; Q10: Were outcomes measured in the same way for treatment groups?; Q11: Were outcomes measured in a reliable way?; Q12:
Was appropriate statistical analysis used?; Q13: Was the trial design appropriate, and any deviations from the standard RCT design (individual
randomization, parallel groups) accounted for in the conduct and analysis of the trial?
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Figure 1. Flow diagram.

Figure 2. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving global cognitive functioning.

Figure 3. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving attention.

Figure 4. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving executive function.

Figure 5. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving working memory.

Figure 6. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving immediate memory.

Figure 7. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving delayed memory.

Figure 8. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving language.

Figure 9. Forest plot for the effectiveness of VR-based neuropsychological interventions

in improving visuoconstruction.
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Figure 3. Forest plot for the effectiveness of VR-based neuropsychological interventions in improving
attention.
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Figure 4. Forest plot for the effectiveness of VR-based neuropsychological interventions in improving
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Figure 9. Forest plot for the effectiveness of VR-based neuropsychological interventions in improving
visuoconstruction.
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