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ABSTRACT 

Background. Mild cognitive impairment (MCI) and dementia result in cognitive decline which 

can negatively impact everyday functional abilities and quality of life. Virtual reality (VR) 

interventions could benefit the cognitive abilities of people with MCI and dementia, but evidence 

is inconclusive. Objective. To investigate the efficacy of VR training on global and domain-

specific cognition, activities of daily living and quality of life. To explore the influence of priori 

moderators (e.g., immersion type, training type) on the effects of VR training. Adverse effects of 

VR training were also considered. Methods. A systematic literature search was conducted on all 

major databases for randomised control trial studies. Two separate meta-analyses were 

performed on studies with people with MCI and dementia. Results. Sixteen studies with people 

with MCI and four studies with people with dementia were included in each meta-analysis. 

Results showed moderate to large effects of VR training on global cognition, attention, memory, 

and construction and motor performance in people with MCI. Immersion and training type were 

found to be significant moderators of the effect of VR training on global cognition. For people 

with dementia, results showed moderate to large improvements after VR training on global 

cognition, memory, and executive function, but a subgroup analysis was not possible. 

Conclusion. Our findings suggest that VR training is an effective treatment for both people with 

MCI and dementia. These results contribute to the establishment of practical guidelines for VR 

interventions for patients with cognitive decline. 

KEYWORDS 

Virtual reality; Mild cognitive impairment; Cognitive training; Cognitive rehabilitation; Cognition; 

Dementia 
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INTRODUCTION 

Dementia is caused by a range of neurological disorders and is characterised by progressive 

deterioration in cognitive and functional abilities. Current estimates of global prevalence of 

dementia are 50 million people worldwide while this number is projected to triple by 2050 [1]. 

MCI is considered the stage between normal cognition in older age and dementia and is also 

characterised by cognitive deficits, albeit without major impairments in functional abilities [2]. 

Current estimates of MCI prevalence are around 15-20% in people aged over 60 [3]. MCI is 

considered a risk factor for developing dementia while estimates of progression rates are around 

5-10% [4]. Both conditions can have a negative impact on psychological well-being, activities of 

daily living (ADL) and quality of life (QOL) [5, 6].  

Cognitive training aims to improve performance of specific-domain cognition, such as memory 

and attention, through repetition of tasks [7]. Cognitive training is typically administered with 

classic methods, such as paper and pencil or computerised tasks, although these methods have 

questionable or limited ecological validity [8]. Ecological validity refers to the extent the training is 

taking place in realistic settings and trains cognitive abilities needed in every-day life. For 

example, tasks such as performing arithmetic equations within a specified time have low 

ecological validity, as they are not tasks normally done daily [9]. VR on the other hand, allows 

interaction with realistic three-dimensional environments which can lead to more complex 

experiences and offer more ecological cognitive training compared to classic methods [8, 10]. 

Additionally, VR systems offer the option to train in a simulated environment without the risks 

that accompany the same task in a real-life setting (e.g., driving a car). Furthermore, with the 

advancements of the technology, VR systems have become more accessible and affordable, 

making them promising tools for cognitive training in people with MCI and dementia [11]. 

Complexity of the simulated environments of VR systems, might assist in slowing down cognitive 

decline in people with MCI and dementia [12]. Interaction with enriched environments is shown 
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to enhance neuroplasticity in Alzheimer’s disease brains in transgenic mice models [13, 14]. 

Meta-analytical studies point towards the effectiveness of VR training on people with MCI and 

dementia [15-19]. Kim et al. [15] investigated the efficacy of VR training on global cognition in 

people with MCI and dementia and found that overall VR had a significant medium effect. Wu et 

al. [16] looked at the efficacy of VR training on specific domain cognitive functions such as 

executive function, short-term and long-term memory, as well as global cognition, when 

compared to more conventional cognitive training methods (e.g., computerised cognitive 

training, paper and pencil) in people with MCI. They reported superiority of VR-based 

interventions on global cognition and executive function, but not on short-term and long-term 

memory. A more recent meta-analysis by Zhong et al. [19] reported similar results. In contrast, a 

meta-analytical study by Hung et al. [17] found better effects of VR training on memory but not 

on global cognition and executive function, and benefits of VR training on language and 

visuospatial skills, which was not covered in the study by Wu et al. [16]. Effects on memory after 

VR training were also reported by Zhu et al. [18], who additionally reported significant effects of 

VR training on global cognition, attention and executive function. 

These somehow contrasting results could be explained by differences in characteristics of the 

included studies. For example, some of the studies included in the meta-analyses used 

immersive technologies such as Head-Mounted Displays (HMD) and Connected Automated 

Virtual Environments (CAVE), whereas others have used less immersive technologies, such as 

desktop monitors. Evidence suggests that more immersive technologies might result in better 

cognitive performance in healthy individuals, for example in memory [20-22], and attention and 

executive function [23], although evidence is still inconclusive (e.g., [24]). Immersion refers to the 

technological capabilities of the VR system that increase its fidelity, e.g., stereoscopic view, 

motion tracking, field of view, so that the user experiences the virtual environment in a 

somewhat similar way to a real-world environment. Additionally, immersion is interlinked with 
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presence, the psychological experience of being transported into the virtual environment [25], in 

that more immersive systems tend to elicit more presence, although presence can be 

experienced also in non-immersive systems, albeit to a lesser extent [26]. Furthermore, 

presence appears to be the mediating factor for enhancing cognitive performance in healthy 

individuals [23, 27]. Therefore, differences of the effects found between the two meta-analyses 

could be attributed to the overall moderating effects of immersion or presence of the studies 

included in each meta-analysis.  

Furthermore, VR studies are heterogenous not only in terms of the apparatus used (e.g., 

immersive, or non-immersive technology), but also in terms of the nature of the VR training 

programmes. For example, some applications involve activities that simulate real life scenarios, 

such as cooking, while others may involve exergames (i.e., video games that require body-

movement interaction and physical activity) [28, 29]. Previous research has shown that different 

types of training can affect different cognitive domains as some platforms may stimulate one 

cognitive domain more than another [30]. Therefore, the type of training (e.g., exergame, 

simulation, game etc.) may also moderate the effects of VR training. 

Other factors related to the type of VR system have also been shown to influence cognitive 

performance. For example, more embodied systems, such as those where users view the 

environment from a first-person perspective (compared to a third-person perspective) or include 

bodily cues (e.g., virtual hands that are visible when users move their hand in the field of view), 

seem to result in better memory performance [31, 32]. Bespoke VR training has also been 

shown to have better cognitive outcomes compared to commercial VR training [33]. Additionally, 

effects of VR training might differ when compared to different types of control group conditions. 

For example, cognitive training and other cognitive-based interventions seem to be more 

effective when compared to passive controls in which participants receive no treatment or their 

treatment is usual care, but not when compared to active controls where participants receive an 
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intervention that does not target cognition specifically, such as art discussions and physical 

activity [34, 35]. Furthermore, computerised cognitive training has been found to have greater 

effects on cognition when compared to other methods [36, 37], so perhaps VR training has 

different effects when compared to controls that used computerised cognitive training or more 

conventional methods (e.g., paper and pencil). Different types of VR intervention such as 

training or rehabilitation may also influence the effects, as they are based on different theoretical 

and conceptual assumptions [7]. Cognitive training refers to the repeated practice of 

standardised tasks that target specific cognitive domains [38], and is based on the assumption 

that regular practice of a specific cognitive skill will improve or maintain function of that domain 

which will then generalise to other functions [7]. On the other hand, cognitive rehabilitation is 

tailored to individual needs and aims to improve everyday cognitive function by building on the 

strengths of the individual to compensate for the cognitive deficits [7]. Furthermore, individual 

differences such as education is believed to play a role in the progression of cognitive decline in 

people with dementia. For example, although people with higher education are less prone to 

develop dementia and MCI, when they do develop these conditions, the cognitive decline is 

greater than for people with lower level of education [39, 40], and therefore cognitive outcomes 

after VR training may be influenced by education level. Finally, duration of the intervention may 

also increase the effects of cognitive training [41].  

Although the aforementioned factors might influence the effects of VR training on cognitive 

performance, no study yet has investigated their role in people with MCI and dementia. 

Furthermore, the sole effects of VR training have not been investigated yet, as previous meta-

analyses contained studies with mixed methods in the intervention group [16, 17]. For example, 

a study included in Hung et al. [17] and Wu et al. [16], used both auditory and VR training in the 

intervention group for 6 months [42]. In the initial phase, three auditory sessions were 

administered alternating with three VR sessions every 2 weeks and the cycle was repeated 
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every 2 weeks. After 3 months, one auditory and one VR session were administered every 

week. In the auditory training, participants were blindfolded and listened via headphones to 

stories accompanied by musical backgrounds. The same musical background was used in the 

VR training. Previous research has shown that listening to narratives improves memory 

performance [43], so auditory sessions could have benefitted participants’ cognitive abilities, 

thus making it difficult to discriminate the sole effect of the VR training. Additionally, most meta-

analyses [16, 18, 19] included studies that contained 2D graphics (they lack depth information, 

e.g., video games such as Tetris and Super Mario) (e.g., [44-46]), which does not fall under a 

strict definition of VR [8, 10]. 

Furthermore, because VR simulates real-life environments, it may offer greater potential for 

transfer of training to the ADL and QOL, compared to more traditional cognitive training methods 

[47]. Nevertheless, a recent meta-analysis on studies with people with MCI does not support this 

assumption [19]. It is possible people with MCI do not experience as severe impairments in the 

ADL as people with dementia [6], and therefore benefits on the ADL may be significant in people 

with dementia but not with MCI. However, no meta-analysis to date has examined the effects of 

VR training on the ADL of people with dementia. Additionally, no meta-analysis to date has 

investigated the effects of VR training on QOL, even though previous research suggests that VR 

training may improve QOL in people with MCI and dementia [48].  

Finally, no study yet has pulled together the adverse effects of VR training. Exposure to 

immersive VR is associated with cybersickness, an adverse effect similar to motion sickness that 

results in discomfort and feeling unwell [49], which might result in less acceptability of VR 

training in people with MCI and dementia [50]. 

Thus, the aims of this study are to combine the evidence from randomised and quasi-

randomised control trials in order to investigate a) the efficacy of sole VR training on global and 

domain-specific cognition in people with dementia and MCI compared to more conventional 
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methods such as computerised cognitive training and paper and pencil, b) the effects of different 

moderators such as immersion and presence on cognitive outcomes, c) the adverse effects and 

acceptability of VR training, and d) the efficacy of VR training on ADL and QOL in people with 

MCI and dementia. 

METHOD 

This meta-analysis was registered with PROSPERO (CRD42020178679) and follows the 

PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines [51].  

Information Sources and Study Selection 

A systematic search was conducted on all major databases (PubMed, Embase, Web of Science, 

LILACS, ALOIS, Cochrane Central Register of Controlled Trials (CENTRAL), Scopus, PsycNET, 

ACM, IEEE, CINAHL, PEDro) and grey literature databases (Ethos Thesis, ProQuest 

dissertations and theses, Open access theses and dissertations and OpenGrey) for randomised 

control trials studying the effect of interventions using VR on one or more cognitive outcomes in 

people with dementia or MCI (the research strategy can be found in Appendix E of this article). 

There were no language and date restrictions. Furthermore, additional articles were obtained 

from a search on the reference list of other reviews. Two reviewers conducted an eligibility 

screening independently, initially based on title only, then based on title and abstract, and finally 

on full text. If the eligibility of a study was unclear, the authors of the study were contacted for 

clarification. Finally, the studies selected by each reviewer were combined in one list and any 

disagreement was resolved by a third reviewer.  

Eligibility Criteria 

Participants  

Participants included adults of any age, background, and gender, diagnosed either with 

dementia (any subtype and severity) or MCI. For dementia, only studies that clearly reported use 

of internationally recognised criteria for diagnosis were included, (e.g., DSM 5 [52] or ICD 11 
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[53]). For MCI, studies were included if authors have reported a valid method for diagnosis 

(rigorous criteria) (e.g., Petersen criteria [54]), but also broader diagnosis criteria (broad criteria) 

(e.g., MoCA, ACE-R and MMSE scores cut-off scores [55]). Because we included both broad 

and rigorous criteria for MCI, we decided to include the MCI criteria (rigorous vs broad 

classification) as an extra moderator for the meta-analysis of studies on MCI. Studies with mixed 

cohorts were included only if data of relevant participants could be obtained for each group. 

Interventions  

Any 3D VR application which was used for cognitive training or cognitive rehabilitation was 

included. These could be custom or commercial VR applications, video games or exergames 

(video games that involve some form of physical activity). Both immersive (e.g., using HMD) and 

non-immersive (e.g., desktop screen) applications were included. Interventions that combined 

VR with some other method (e.g., music therapy or computerised cognitive training) were 

excluded.  

Comparisons  

We included active control groups that used any methods except VR (e.g., paper and pencil 

cognitive training, music therapy, computerised cognitive training, psychoeducation, 

multisensory stimuli) or passive control groups (no-contact or wait-list).  

Outcomes  

Primary outcomes were the change from baseline to post-test scores of global cognition and 

specific-domain cognition measures. For global cognition we included two outcomes: the 

combined scores of individual domain outcomes (i.e., combined measures of memory, attention, 

executive function, construction and motor performance, and verbal function and language), 

which we refer to as combined cognitive functioning outcomes, and measures of general 

cognition (e.g., MMSE and MoCA). Specific-domain cognition outcomes were memory, attention, 

executive function, verbal function and language, construction, and motor performance. Only 
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outcomes measured with a validated battery were included. Secondary outcomes were ADL 

(e.g., Assessment of Activities of Daily Living Scale [56]), self-efficacy (e.g., Self-efficacy Scale 

[57]), QOL (e.g., The Cornell-Brown Scale [58]), acceptability and treatment adherence (number 

of dropouts) and reports of adverse effects (e.g., cybersickness measures [59]).  

Studies  

We included randomised and quasi-randomised control trials following the Cochrane criteria 

[60]. 

Data Collection and Coding 

Extracted continuous data were recorded as mean and standard deviations for each group 

(interventions and control) at baseline, post-test and follow up. If those data were not available, 

additional information was asked from the authors of the study. Coding of outcomes into 

cognitive domains was according to classification of assessment scales found in Lezak et al. [61] 

(the list of the scales and their categorisation into cognitive domains is included in Appendix B). 

If a study reported multiple measures for the same outcome (e.g., reporting both MoCA and 

MMSE for global cognition), a composite score was calculated for this outcome. To do that, we 

calculated the z scores for each measure and calculated the mean and standard deviation for 

each outcome [35]. For dichotomous outcomes we extracted the number of participants in each 

outcome group. Attrition rates were also included (dropouts in post-test, dropouts in follow-up 

tests). 

Risk of Bias in Individual Studies and Publication bias 

The Cochrane Collaboration’s risk of bias tool was used to assess risk of bias in each study [60]. 

The studies were assessed independently by two authors as low risk, high risk or unclear risk 

against five domains. Disagreements were resolved by a discussion with a third reviewer. These 

domains are randomisation process, deviations from intended interventions, missing outcome 
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data, measurement of the outcome, and selection of the reported outcome. Funnel plots were 

used to assess publication bias [60].  

Data Analysis 

Analysis was performed separately for dementia and MCI, for both primary and secondary 

outcomes. When studies had more than one outcome for a single cognitive domain, the 

standardised mean difference and variance were combined into one estimate. Standardized 

mean differences were calculated as Hedges’ g, as it gives a less biased effect size than 

Cohen’s d [62], and 95% confidence interval of change between the change in outcome 

measures between VR and control groups from baseline to post-test and follow up. Hedges’ g 

estimates of < 0.20 were considered very small, between 0.20 and 0.50 small, between 0.50 and 

0.80 medium, and > 0.80 large [63]. For dichotomous outcomes (e.g., participant adherence), 

we expressed effects as risk ratios (RRs) along with 95% CIs. A random effects model was used 

to calculate all pooled effects. Statistical heterogeneity was assessed by visual inspection of 

forest plots and the I2 statistic which described heterogeneity as low on 25%, moderate on 50% 

and large on 75% [64]. Sensitivity analysis was performed based on risk of bias ratings [65] to 

show any effect low-quality studies had on the outcome. We categorised the studies with low 

risk of bias as being of high quality, whereas studies with concerning or high risk of bias were 

considered low quality. To examine the effect of individual study characteristics on the outcomes 

a subgroup analysis of the following moderators was conducted, if the number of studies was 

above 10 [66, 67]: type of intervention (i.e., rehabilitation vs. training); type of application 

(immersive vs non-immersive); presence; first- or third-person perspective; type of control group 

(active, such as music therapy and psychoeducation, vs. passive, such as no-contact or wait-

list); type of active control group (computerised tasks vs pen-and-paper), participant background 

(education) and duration of the intervention. The type of training was also considered in a 
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separate post hoc exploratory analysis, as it was not possible to predict it a priori. Data analysis 

was performed using Comprehensive Meta-analysis version 3 [68]. 

The GRADE framework was used to classify the certainty of evidence [69]. The certainty of 

evidence is downgraded by one or two levels across five domains: risk of bias, unexplained 

heterogeneity, indirectness of evidence, imprecision of results and publication bias (see below). 

Assessment is carried out per cognitive domain and each domain can be rated with one out of 

four possible outcomes: high level of certainty, which indicates that the true effect is most likely 

similar to the estimated effect, moderate level of certainty, which indicates the true effect is 

probably close to the estimated effect; low level of certainty, which indicates the true effect might 

be significantly different to the estimated effect; and very low level of certainty, which indicates 

the true effect is probably significantly different to the estimated effect. Downgrading of evidence 

was performed independently by two reviewers and was based on the GRADE handbook. The 

methodology for downgrading the evidence is explained in more detail on Appendix C. 

RESULTS 

The search was conducted in August 2021, which covered all the years up to that point without 

date restriction and provided 20389 records. After removing duplicates, 16584 articles were 

screened based on titles and abstracts, of which 485 were assessed in full text. In total, 20 

studies were eligible for inclusion, 16 of which concerned people with MCI and four people with 

dementia (Figure 1). Four articles [70-73] reported outcomes collected from two separate 

studies, and therefore, outcomes of those four articles were combined under two studies in our 

review. Two studies did not report means and standard deviations; however, we requested and 

received the data from the authors [74, 75] 
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Figure 1. PRISMA flow diagram of first systematic search 
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Characteristics of Included Studies 

Mild cognitive impairment  

The 16 included studies consisted of 742 participants at baseline, with a mean age of 72.22 (SD 

= 4.97). The VR group consisted of 352 participants at baseline with a mean age of 72.01 (SD = 

4.97) and a control group of 390 participants at baseline with mean age 72.43 (SD = 4.49). The 

active control group (i.e., groups that involved interventions other than VR, such as music 

therapy and psychoeducation) consisted of 294 participants at baseline with mean age 73.916 

(SD = 5.31) and the passive control group (i.e., no-contact or wait-list groups) of 96 participants 

at baseline with mean age 70.08 (SD = 2.95). Eight studies reported rigorous criteria for the 

assessment of MCI (e.g., Petersen criteria [76]) [70, 71, 77-83], while the remaining eight used 

either broader criteria (e.g., MMSE scores) or did not report in detail all the criteria [74, 75, 84-

89]. Four studies used immersive VR in the experimental condition [75, 80, 86, 89] whereas 10 

used non-immersive VR [74, 77-79, 81-83, 85, 87, 88], one mixed (experimental condition 

included both immersive and non-immersive VR applications) [70, 71], and one did not report 

this information [84]. Ten studies used a first-person perspective in VR [70, 71, 75, 77-80, 86-89] 

and three a third-person perspective [74, 82, 85], while three did not report this information [81, 

83, 84]. The applications used in the experimental condition were six bespoke [75, 78, 80, 81, 

86, 87], eight commercial [74, 77, 79, 82, 83, 85, 88, 89] and one mixed (had both a commercial 

and a bespoke application) [70, 71], while one did not report this information [84]. All studies 

used cognitive training, and none reported cognitive rehabilitation. In the control group, 13 

studies had an active control group and three had a passive control group (Table 1). In the 

active control group, four studies had computerised cognitive training [75, 77, 78, 86], eight had 

a non-computerised intervention, such as occupational therapy and cognitive stimulation therapy 

[70, 71, 74, 82, 84, 85, 87-89], and two did not report this information [81, 83]. In terms of the 

type of training, five studies contained an exergame [74, 77, 82, 83, 85], two contained a game 

[79, 81], four contained a simulation [78, 86-88], and four contained a mixed type (multiple types 
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of VR training) [70, 71, 75, 80, 89]. Duration of the interventions in the experimental and active 

control groups ranged between six and 24 weeks, and the total number of treatment sessions 

ranging between 10 and 40, while each session lasted between 25 and 100 minutes (Table 5, 

Appendix D). 

Dementia 

The four included studies consisted of 163 participants in total at baseline, with a mean age of 

82.01 (SD = 5.90). The VR group consisted of 83 participants with mean age of 81.79 (SD = 

5.65) and the active control of 79 participants with mean age of 82.32 (SD = 6.47). One study 

used a passive control [90] while the remaining three studies used an active control group [72, 

91, 92]. All studies used cognitive training and non-immersive VR applications as intervention. 

Two studies used a first-person perspective in VR [72, 90], one used a third-person perspective 

[91], and one did not report this information [92]. Two studies used a bespoke VR application 

[90, 91], one study used commercial [72], and one did not report this information [92]. All the 

studies that had an active control group used non-computerised cognitive training [72, 91, 92]. In 

terms of the type of training, two studies contained an exergame [72, 92], one contained a game 

[91] and one a simulation [90]. Duration of the interventions in the experimental and active 

control groups ranged between six and 24 weeks, and the total number of treatment sessions 

ranging between 10 and 40, while each session lasted between 15 and 100 minutes (Table 5, 

Appendix D). 

Risk of bias in included studies 

One study reported that allocation sequence was concealed from participants or personnel 

before and until the assignment of participants to intervention or control groups [88]. Blinding of 

personnel delivering the intervention is typically not possible in VR training, as the sham group is 

not identical to the intervention group which makes it easy for personnel to guess the 

intervention group [93]. However, outcome assessors can be blinded to group allocation. Nine 
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studies reported assessors to be blinded to group allocation [70-72, 75, 77, 81, 83, 87, 91, 92]. 

Tarnanas et al. [78] reported double blinding but did not provide information of how this was 

achieved. The remaining studies [74, 80, 84-86, 88, 89] did not provide information, except 

Ramnath et al. [82] who reported that assessors were not blinded. Van de Weijer et al. [79] 

reported that, contrary to what was stated in their procedure protocol, assessors were not 

blinded. Only five studies mentioned intention-to-treat analysis [72, 75, 79, 82, 89]. The 

remaining fifteen studies did not report a methodology for dealing with missing data. Twelve 

studies reported dropout numbers for both intervention and control groups, ten of which gave 

reasons [70-72, 74, 75, 78, 79, 83, 89, 92], while the remaining two did not [88, 90]. From the 

description of the reasons that were given it was concluded that dropout rates did not influence 

the outcomes [94]. One study reported that there were no dropouts [77] and the remaining six 

did not report information about this [80, 84-87, 91]. Figure 2 shows the assessed risk of bias for 

each study. 

 



17 
 

 

Figure 2. Assessed risk of bias for all studies. 
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Effects of VR in Mild Cognitive Impairment Outcomes (post-intervention) 

Combined cognitive functioning outcomes 

Based on the 16 studies included in the meta-analysis, the effect of VR training on the combined 

cognitive functioning outcomes (i.e., the combined scores of individual domain outcomes such 

as memory, attention, executive function, construction and motor performance, and verbal 

function and language), was large and statistically significant (g  =  1.05, 95% confidence interval 

[CI] = [0.60, 1.51], p < .001). Heterogeneity across studies was considerable (I2  = 87.96), but 

could be explained by immersion (Table 2). One study reported an extremely large SMD (g = 

90.51, SE = 10.39) for the global cognition outcome, which was an outlier, therefore was 

removed from further analysis [74]. Having removed these data, the effect size was still large 

and statistically significant (g  =  1.08, 95% CI = [0.71, 1.45], p < .001; Figure 3) while 

heterogeneity lowered slightly (I2  = 79.77). The resulting funnel plot did not show significant 

asymmetry (Egger's intercept =  2.30, p  =  .29; Figure 12, Appendix A). Quality of evidence was 

moderate.
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Figure 3. Effect on combined cognitive functioning outcomes (random-effects model). 
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General cognition 

Ten studies reported outcomes for general cognition (e.g., MMSE or MoCA). The pooled effect 

size was medium and statistically significant (g  =  0.53, 95% CI = [0.26, 0.80], p < .001). 

However, the CIs were wide which increases uncertainty in the effect estimate (Figure 4). 

Heterogeneity across studies was moderate (I2  = 45.22), but could be explained by immersion 

(Appendix F, Table 6). The resulting funnel plot did not show significant asymmetry (Egger's 

intercept =  0.22, p  =  .90; Figure 13, Appendix A). Quality of evidence was moderate; 

downgraded by one level for imprecision, due to CIs including both a small and a large effect. 
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Figure 4. Effect on measures of general cognition outcomes (random-effects model). 
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Memory 

Six studies reported outcomes for memory. The combined effect size was large and statistically 

significant (g  =  1.01, 95% CI = [0.27, 1.75], p = .01). However, the CIs were very wide which 

increases uncertainty in the effect estimate (Figure 5). Heterogeneity across studies was 

considerable (I2  = 89.40). The funnel plot did not reveal asymmetry (Figure 14, Appendix A), but 

formal testing was not conducted because of the small number of studies. Quality of evidence 

was very low; downgraded by two levels for inconsistency, due to considerable and not 

explained heterogeneity, and two levels for imprecision, due to small sample size (< 400) and CI 

including both a small and a large effect. 
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Figure 5. Effect on memory outcomes (random-effects model). 



24 
 

Attention, processing speed and working memory 

Ten studies reported outcomes for attention, processing and working memory. The combined 

effect size was large and statistically significant (g  =  1.42, 95% CI = [0.92, 1.92], p < .001). 

However, the CIs were very wide which increases uncertainty in the effect estimate (Figure 6). 

Heterogeneity across studies was considerable (I2  = 81.72), but could be explained by the type 

of control group (i.e., active control group which involved a type of intervention other than VR, 

such as music therapy and psychoeducation, or passive control group, which typically refers to 

no-contact or wait-lists) (Appendix F, Table 8). The resulting funnel plot did not show significant 

asymmetry (Egger's intercept =  3.04, p  =  .26; Figure 15, Appendix A). Quality of evidence was 

high. 
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Figure 6. Effect on attention, processing speed and working memory outcomes (random-effects model).
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Executive function 

Four studies reported outcomes for executive function. The combined effect size was large and 

not statistically significant (g  =  0.87, 95% CI = [-0.17, 1.92], p = .10). The CIs were very wide 

which increases uncertainty in the effect estimate (Figure 7). Heterogeneity across studies was 

considerable (I2  = 89.08). The funnel plot revealed asymmetry (Figure 16, Appendix A), but 

formal testing was not conducted because of the small number of studies. Quality of evidence 

was very low; downgraded by two levels for inconsistency, due to considerable and not 

explained heterogeneity, and two levels for imprecision, due to small sample size (< 400) and CI 

including both a negative and a large positive effect. 
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Figure 7. Effect on executive function outcomes (random-effects model). 
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Construction and Motor Performance 

Four studies reported outcomes for construction and motor performance. The combined effect 

size was large and statistically significant (g  =  1.16, 95% CI = [0.03, 2.29], p = .04). The CIs 

were very wide which increases uncertainty in the effect estimate (Figure 8). Heterogeneity 

across studies was considerable (I2  = 93.45). The funnel plot did not show asymmetry (Figure 

17, Appendix A), but formal testing was not conducted because of the small number of studies. 

Quality of evidence was very low; downgraded by two levels for inconsistency, due to 

considerable and not explained heterogeneity, and two levels for imprecision, due to small 

sample size (< 400) and CI including both a small and a large effect. 
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Figure 8. Effect on construction and motor performance outcomes (random-effects model). 
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Verbal Function and Language 

Two studies have reported outcomes for verbal function and language. The combined effect size 

was large and not statistically significant (g =  0.86, 95% CI = [-0.62, 2.35], p = .25). The CIs 

were very wide which increases uncertainty in the effect estimate (Figure 9). Heterogeneity 

across studies was considerable (I2 = 89.88). A funnel plot was not possible to be generated as 

the number of studies was less than three. Quality of evidence was very low; downgraded by 

two levels for inconsistency, due to considerable and not explained heterogeneity, and two 

levels for imprecision, due to small sample size (< 400) and CI including both a negative and a 

large positive effect. 
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Figure 9. Effect on verbal function and language outcomes (random-effects model). 
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Sensitivity analysis 

Sensitivity analysis indicated that the difference between lower quality studies (k = 12, g  =  1.22, 

95% CI = [0.77, 1.67], p < .001, I2 = 80.55) and higher quality studies k = 4, g  =  0.66, 95% CI = 

[0.13, 1.20] p = .014, I2= 64.55) was not significant (p = .12).  

Adverse effects 

None of the studies reported detailed data for both intervention and control groups, so a meta-

analysis was not conducted. One study [80] reported dizziness (4.2%) and fatigue (8.3%), but 

the data were not reported. Another study [75] reported that most participants did not report 

cybersickness, and the few who did experienced mild symptoms (Mdn = 4.63, IQR = 18.33), 

while one participant dropped out due to cybersickness [75]. Five studies [70, 71, 77, 81, 82, 86] 

reported that participants did not experience any adverse effects during the session. The 

remaining nine studies [74, 78, 79, 83-85, 87-89] did not report if participants experienced 

adverse effects.  

Activities of daily living 

Three studies reported outcomes for ADL. The combined effect size was small and statistically 

non-significant (g  =  0.26, 95% CI = [-0.13, 0.65], p = .18). The CIs were relatively wide which 

increases uncertainty in the effect estimate (Figure 18, Appendix A). Evidence of heterogeneity 

was not present (I2  = 0.00). The funnel plot did not reveal asymmetry (Figure 19, Appendix A), 

but formal testing was not conducted because of the small number of studies. Quality of 

evidence was low; downgraded by two levels for imprecision due to small sample size (< 400) 

and CI including both a negative and a large positive effect. 

Quality of life 

Only one study measured QOL [77]. The measure used was the Short Form 36 Health Survey 

Questionnaire (SF-36) which consists of 36 items and eight subscales: physical functioning, role-

physical, bodily pain, general health, vitality, social functioning, role-emotional and mental health 
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[95]. The VR group showed significant (p < .05) improvement in vitality (VR: Mchange = 9.05, 

SDchange = 1.17; Control: Mchange = 2.69, SDchange = 1.6), role-emotional (VR: Mchange = 8.31, 

SDchange = 1.20; Control: Mchange = 4.15, SDchange = 0.71), mental health (VR: Mchange = 11.62, 

SDchange = 1.63; Control: Mchange = 6.95, SDchange = 1.75), and bodily pain (VR: Mchange = 4.21, 

SDchange = 2.17; Control: Mchange = 0.10, SDchange = 0.38). 

Acceptability and treatment adherence 

Nine studies reported dropout numbers. Dropout was more likely to occur in the VR group but 

failed to reach significance (OR = 1.15, CI = [0.50, 2.64], p = .75). The CIs were very wide which 

increases uncertainty in the effect estimate (Figure 20, Appendix A). Heterogeneity across 

studies was low (I2  = 30.84). The funnel plot did not show asymmetry (Figure 21, Appendix A), 

but formal testing was not conducted because of the small number of studies. Quality of 

evidence was high. 

Moderators of VR Efficacy 

Due to the small number of studies in some cognitive domains a subgroup analysis was 

conducted for the following outcomes: combined cognitive functioning , global cognition, 

attention, processing speed and working memory [66, 67]. Type of VR intervention (i.e., training 

vs rehabilitation) could not be examined, as all studies included only cognitive training and none 

cognitive rehabilitation. Subgroup analysis on the combined cognitive functioning outcomes 

revealed that immersion could explain the high heterogeneity found between the studies (Table 

2 and Table 3). Subgroup analysis on the global cognition outcomes revealed that immersion 

could also explain the high heterogeneity found between the studies (Appendix F, Table 6 and 

Table 7). Subgroup analysis on the attention, processing speed and working memory outcomes 

revealed that the type of control group (i.e., (i.e., active control group which involved a type of 

intervention other than VR, such as music therapy and psychoeducation, or passive control 
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group, which typically refers to no-contact or wait-lists) could explain the high heterogeneity 

found between the studies (Appendix F, Table 8 and Table 9).  

Additionally, we conducted an exploratory content analysis on the types of training included in 

the studies, as we could not predict them a priori. The types of training were categorised based 

on the elements of the application used in each of the 16 studies. The categories that emerged 

were: 

Video games. An electronic game that is comprised of a set of rules and has variable and 

quantifiable outcomes that the player tries to influence by exerting effort [96]. Examples of 

studies that used this type of training are [79, 81]. 

Exergames. These are video games that promote (either via using or requiring) players’ physical 

movements (exertion) that is generally more than sedentary and includes strength, balance, and 

flexibility activities [97]. Examples of studies that used this type of training are [74, 82, 83]. 

Simulations. These are applications that simulate real life scenarios and do not involve specific 

goals[96]. Examples of studies that used this type of training are [78, 87]. 

Mixed. This category includes studies that used more than one type of application described 

above. Examples of studies that used this type of training are [70, 71, 75]. 

Subgroup analysis on the combined cognitive functioning outcomes (i.e., the combined scores of 

individual domain outcomes) revealed that the type of training could explain the high 

heterogeneity found between the studies (Table 2). Similarly, a subgroup analysis on the 

general cognition outcomes (e.g., MoCA and MMSE tests) showed that the type of training could 

explain the heterogeneity found between the studies (Table 6). Type of training does not seem 

to moderate the effects of VR training on attention, processing speed, and working memory 

(Table 8). 
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Effects of VR in Mild Cognitive Impairment Outcomes (follow-up) 

Only one study [85] performed a follow-up assessment at one year post-test. Results showed 

that the VR group did not differ significantly in global cognition (M = 28.41, SD = 4.12) from the 

control group (M = 28.88, SD = 6.83). Similarly, the VR group did not differ significantly in ADL 

measures (M = 180.60, SD = 99.21) from the control group (M = 182.46, SD = 86.63). 

Effects of VR in Dementia Outcomes (post-intervention) 

Combined cognitive functioning outcomes 

Based on four studies, the effect of VR training on the combined cognitive functioning outcomes 

(i.e., the combined scores of individual domain outcomes such as memory, attention, executive 

function, construction and motor performance, and verbal function and language), was large and 

statistically significant (g  =  1.14, 95% CI = [0.41, 1.87], p = .002; Figure 10). Heterogeneity 

across studies was substantial (I2  = 73.85). The resulting funnel plot did not show asymmetry 

(Figure 22, Appendix A), but formal testing was not conducted because of the small number of 

studies. Quality of evidence was very low; downgraded by two levels for inconsistency, as 

heterogeneity was considerable and could not be explained, and one level for imprecision, due 

to small sample size (< 400). 
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Figure 10. Effect on combined cognitive functioning outcomes (random-effects model). 
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General cognition 

Two studies reported outcomes for general cognition (e.g., MMSE or MoCA). The pooled effect 

size was medium and statistically not significant (g  =  0.59, 95% CI = [- 0.02, 1.20], p = .06). 

However, the CIs were wide which increases uncertainty in the effect estimate (Figure 11). 

Heterogeneity across studies was low (I2  = 26.38). A funnel plot was not possible to be 

generated as the number of studies was less than three. Quality of evidence was low; 

downgraded two levels for imprecision, due to small sample size (< 400) and CI including both a 

negative and a positive effect. 

Memory 

Two studies reported outcomes for memory. The pooled effect size was medium and statistically 

significant (g  =  2.14, 95% CI =  [1.67, 2.61], p < .001). However, the CIs were wide which 

increases uncertainty in the effect estimate (Figure 11). Evidence of heterogeneity was not 

present (I2  = 0.00).  A funnel plot was not possible to generate as the number of studies was 

less than three. Quality of evidence was moderate; downgraded by one level for imprecision, 

due to small sample size (< 400). 

Executive function 

Two studies reported outcomes for executive functioning. The pooled effect size was medium 

and statistically significant (g  =  0.51, 95% CI = [0.13, 0.89], p = .01. However, the CIs were wide 

which increases uncertainty in the effect estimate (Figure 11). Evidence of heterogeneity was 

not present (I2  = 0.00). A funnel plot was not possible to generate as the number of studies was 

less than three. Quality of evidence was low; downgraded by two levels for imprecision, due to 

small sample size (< 400) and CI including both a small and a large effect. 
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Figure 11. Effect on general cognition outcomes, memory, and executive function (random-effects model). 
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Attention, processing speed and working memory 

Only one study included measures of attention, processing speed, and working memory [72], so 

a meta-analysis was not performed. In this study people with dementia trained either in a VR, or 

by doing aerobic or relaxation and flexibility exercises. Results from this study showed benefits 

on psychomotor speed after VR training (M1 = 0.02, SD1 = 0.87) and aerobic exercise (M1 = 

0.32, SD1 = 0.64), but not after relaxation and flexibility exercises (M1 = -0.25, SD1 = 1.04). 

Additionally, no effects were found on working memory after VR training (M1 = -0.25, SD1 = 

0.79), aerobic (M1 = 0.04, SD1 = 0.80), and relaxation and flexibility exercises (M1 = -0.12, SD1 = 

1.02).  

Sensitivity analysis 

Sensitivity analysis indicated that the difference between the studies with lower quality (k = 3, g  

=  1.09, 95% CI = [-0.05, 2.23], p = .06, I2 = 77.72) and the studies with higher quality k = 1, g  = 

 1.39, 95% CI = [0.93, 1.85] p < .001, I2= 0.00) was not significant (p = .63).  

Adverse effects 

None of the studies reported detailed data for both intervention and control groups, so a meta-

analysis was not conducted. One study reported that participants did not experience any 

adverse effects during the session [92]. The remaining three studies [72, 90, 91] did not report if 

participants experienced adverse effects.  

Activities of daily living 

Three studies reported outcomes for the ADL. The combined effect size was small and 

statistically non-significant (g  =  0.23, 95% CI = [-0.24, 0.74], p = .15). The CIs were wide which 

increases uncertainty in the effect estimate (Figure 23, Appendix A). Evidence of heterogeneity 

was not present (I2  = 0.00). The resulting funnel plot did not show asymmetry (Figure 24, 

Appendix A), but formal testing was not conducted because of the small number of studies. 

 
1 Means and SDs were computed based on Z scores as reported by the study authors. 
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Quality of evidence was low; downgraded by two levels for imprecision due to small sample size 

(< 400) and CI including both a negative and a large positive effect. 

Quality of life 

Only one study measured QOL [92]. The measure used was the Dementia Quality of Life which 

consists of 29 items, measuring five domains: self-esteem, positive affect, negative affect, 

feelings of belonging, and sense of aesthetics [98]. There was no significant improvement of the 

QOL after the intervention (p = .16) (VR: Mchange = 0.80, SDchange = 1.14; Control: Mchange = 0.00, 

SDchange = 1.27). SDs change were imputed according to the formula suggested by the Cochrane 

handbook [60]. 

Acceptability and treatment adherence 

Two studies reported dropout numbers. There was no difference of dropouts between the 

interventions and the control group (OR = 0.85, CI = [0.32, 2.31], p = .76). The CIs were very 

wide which increases uncertainty in the effect estimate (Figure 25, Appendix A). Evidence of 

heterogeneity was not present (I2  = 0.00). A funnel plot was not possible to generate as the 

number of studies was less than three. Quality of evidence was low; downgraded by two levels 

for imprecision, due to small sample size (< 400) and CI including both a small and a large 

effect. 

Moderators of VR Efficacy 

A subgroup analysis was not conducted, as the number of studies in the meta-analysis was 

below 10 [60]. 

Effects of VR in Dementia Outcomes (at follow-up) 

Only one study [72] performed a follow-up assessment. Results showed that the effect of VR 

training on attention that was found at post-test (12 weeks) was maintained at the 24 weeks 
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follow-up in the VR group (M2 = -0.13, SD2 = 0.98) and the aerobic control group (M2 = 0.35, SD2
 

= 0.73), but not in the relaxation and flexibility exercises control group (M2 = - 0.39, SD2 = 1.37). 

DISCUSSION 

The first aim of this review was to compare the effects of VR training with more conventional 

methods, such as computerised cognitive training and paper and pencil tasks, on general and 

domain-specific cognition in people with MCI and dementia. The second aim was to investigate 

the role of different moderators on the effects of VR training. The third aim was to evaluate 

current evidence of VR training in terms of safety and acceptability when compared to more 

conventional methods in people with MCI and dementia. Finally, the fourth aim was to evaluate 

the efficacy of VR training on ADL and QOL measures when compared to more conventional 

methods in people with MCI and dementia. Comparisons between VR training and control 

groups were carried out separately for MCI and dementia. Additionally, we assessed quality of 

evidence for each outcome to provide a more comprehensive evaluation of the use of VR 

training in clinical practice.  

Mild Cognitive Impairment 

Global and domain-specific cognition 

Results from 16 randomised control trials showed that people with MCI receiving VR training 

improved significantly on overall global cognitive functioning outcomes (Hedge’s g = 1.08) and 

general cognition measures (e.g., MMSE) (Hedge’s g = 0.53) compared to those receiving more 

conventional methods such as computerised cognitive training or paper and pencil tasks, or to 

those not receiving an intervention. This suggests that VR training is more effective for global 

cognition than more conventional methods. Additionally, confidence in the effects of VR training 

on global cognition is moderate according to the GRADE assessment of quality of evidence. 
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Further, sensitivity analysis showed no significant differences between the studies with lower 

and medium quality, which increases confidence of results.  

Regarding individual cognitive domains, VR training significantly improved memory, attention, 

and construction and motor performance, but not executive function or verbal function and 

language. However, quality of evidence ranged from low to very low due to unexplained 

heterogeneity, small sample sizes, and wide CIs. Our findings suggest that VR training benefits 

global cognition and possibly specific-domain cognition such as memory, attention, and 

constructive and motor performance in people with MCI, but more studies are needed to draw a 

strong conclusion about the effects on domain-specific cognition. Furthermore, one study 

included in our review suggests no retention of the cognitive effects over long term for both the 

VR training and control group [85], although a meta-analysis was not possible as no other 

studies reported follow-up measures. Future studies should include measures of cognitive 

outcomes over time. 

Our review supports previous findings that suggest efficacy of VR training compared to more 

conventional methods in people with MCI [16-19]. Furthermore, our results are in line with 

previous reviews on the benefits of VR training in people with MCI regarding global cognition 

[15, 16, 18, 19], but not regarding the outcomes on individual cognitive domains [16, 17, 19]. For 

example, previous reviews report significant benefits of VR training on executive function [16, 

19] and language [17], whereas we did not identify a significant improvement in those domains. 

A possible explanation for these conflicting findings is the fact that these reviews used different 

categorisation for individual-domain outcomes, that was not specified, compared to our coding, 

which was based on Lezak et al. [61]. For example, in our review Trail Makin Test A and B was 

coded as an attention, processing speed, and working memory measurement whereas in other 

reviews it was coded as executive function measurements [16, 17, 19]. On the other hand, we 

found a significant and large effect of VR training on memory (g = 1.01), whereas previous 
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reviews show either smaller [17] or no effects [16, 19]. One explanation for these differences 

could be linked to different characteristics between studies included in each review [28], which 

may influence the pooled effects on domain-specific cognitive outcomes. High heterogeneity, in 

terms of apparatus and training programme, between VR training studies has been reported 

previously in other systematic reviews [28, 29], which could influence the cognitive outcome. 

This is also corroborated by the high heterogeneity reported for most outcomes in our study. 

Another explanation could be that other meta-analyses included studies that contained an 

intervention that was not strictly VR according to our definition (e.g., [42, 44-46]). In our meta-

analysis, we included interventions that used solely VR training. 

Moderators of VR  

In this review we tested several factors that may moderate the effects of VR training on cognitive 

function. These factors were immersion, user’s point of view (first- or third-person perspective), 

type of control (active control group which involved a type of intervention other than VR, such as 

music therapy and psychoeducation, or passive control group, which typically refers to no-

contact or wait-lists; computerised task or paper and pencil), diagnostic criteria of MCI, 

education, and duration of training. In addition, we performed an exploratory content analysis in 

order to identify the different types of training that were used in the studies. The types that 

emerged were video games, exergames, simulation and mixed. 

A subgroup analysis revealed that immersion and training type moderated the effects of VR 

training on the combined cognitive functioning outcomes (i.e., the combined scores of individual 

domain outcomes such as memory, attention, executive function, construction and motor 

performance, and verbal function and language) and general cognition (e.g., MoCA and MMSE 

tests), and could explain the high heterogeneity found between the studies. Non-immersive 

applications seem to have greater effects on the combined cognitive functioning outcomes and 

on general cognitive outcomes than immersive applications. A possible explanation for this 
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finding is that participants were less familiar with immersive technologies, which may have 

hindered the effects of VR training. Indeed, research suggests that older people, such as the 

people with MCI included in our meta-analysis (mean age was 72.22, SD = 4.97), have 

decreased performance when using more immersive technologies, compared to young people 

who do not show a difference between immersive and non-immersive technologies [24]. This is 

corroborated by other research that shows immersive applications to be more difficult than more 

conventional methods and with hindered performance, especially in clinical populations [99]. 

Using more advanced technologies, such as VR, may be hindered in older and clinical 

populations due to barriers, such as cognitive (e.g., attention and working memory), motivational 

(e.g., trust in own abilities), physical (e.g., flexibility and hand-eye coordination), and perceptual 

abilities (e.g., sensory capabilities such as visual and auditory acuity) [100]. As immersive 

technologies could have great potential in clinical applications as they provide close-to-real 

world experiences, future research should focus on the usability of such technology in clinical 

populations, e.g., people with MCI. Indeed, a recent review on usability of VR clinical systems in 

older people found that most usability studies involved healthy or heterogeneous clinical 

populations, or VR physiotherapy training programmes [101].  

In terms of the type of training, video games were found to have a much larger effect (g = 2.05) 

on the combined cognitive functioning outcomes, compared to exergames, simulations, or mixed 

training (e.g., containing simulation and exergame components). The same results were found in 

the subgroup analysis on the general cognition outcomes. A possible explanation for this finding 

is that video games may be perceived as more enjoyable than other types of intervention and 

thus more motivating, which has been shown to increase adherence to the intervention and 

therefore its effectiveness [102]. A study that compared types of motivation when playing video 

games or exergames, found that exergames scored lower in the Need for Competence 

compared to video games, which according to the self-determination theory concerns our desire 
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to experience a sense of challenge in a competitive environment [103]. Considering this, it might 

be possible that more effective VR training may be linked to greater Need for Competence and 

that low challenge could negatively impact motivation [104]. Simulations, on the other hand, 

have no goals and therefore no challenges by definition which might negatively impact 

motivation [96].  

The type of control group (passive, such as no-contact or wait-list, or active, such as music 

therapy and psychoeducation) seemed to also moderate the effects of VR training on attention, 

processing speed, and working memory. VR training showed bigger effects when compared to 

active control groups, such as paper and pencil cognitive training, music therapy, and 

computerised cognitive training, or passive control groups (i.e., no-contact or wait-list). The 

significance of the difference between passive and active controls should be taken with caution, 

considering that there was only one study in the passive group, however, the finding that VR 

training has a significant effect when compared to active controls is encouraging. 

The remaining moderators were not found to significantly influence the effects of VR training. 

Some of these factors may have no effect on the benefits of VR training in people with MCI, due 

to deterioration of specific cognitive abilities in this population. For example, embodied cognition, 

which would be required to differentiate the effects of first-person and third-person perspective 

on VR training, may be more impaired in people with MCI or other neurodegenerative diseases 

[105]. Alternatively, specific moderators such as embodiment may affect very specific 

components of cognitive domains. For example, first-person and third-person perspective, may 

be more relevant in cognition that involves egocentric spatial memory and near-space 

representations [105]. It should also be noted that for some moderators the number of studies 

between subgroups were sometimes imbalanced and/or contained a small number of studies in 

one subgroup (e.g., studies with first-person versus a third-person perspective), which reduces 

the power of the subgroup analysis [106]. Additionally, caution should be exercised when 



46 
 

interpreting subgroup analyses, as evidence is not direct and other covariates might influence 

the results [107].  

Safety and acceptability 

From the seven studies that reported adverse effects, one mentioned dizziness and fatigue for a 

small number of participants [80], and another one reported mild symptoms for a few participants 

and one dropout due to cybersickness [75]. Both of these studies contained immersive VR, while 

from the remaining five studies that reported no adverse effects, two contained immersive VR 

[70, 71, 86] and three contained non-immersive VR [77, 81, 82]. Nevertheless, we could not 

conduct a meta-analysis, as there were no data for the active control groups. Future studies 

should document incidents of adverse effects for both intervention and control groups, in order 

to make an informed decision about the safety of VR training systems in people with MCI. 

VR training was well-accepted in people with MCI with no significant dropout rates. The low 

number of studies reporting adverse effects and the acceptability of VR training, indicates good 

feasibility of VR training in people with MCI.  However, formal documentation of adverse effects 

and studies with better quality is needed to allow an informed decision.  

Our findings suggest feasibility of VR training in people with MCI, which supports previous 

research on feasibility of VR training in people with MCI [102] and other neurological disorders, 

such as stroke and traumatic brain injury [33]. However, one should bear in mind that most 

studies included in the review used a non-immersive system, and only four of the studies 

contained an immersive VR training [70, 71, 75, 80, 86]. Furthermore, two of the four studies that 

used immersive VR training reported mild adverse effects such as dizziness and fatigue [75, 80], 

which could indicate the infeasibility of immersive VR training for some. However, more studies 

with immersive VR training in people with MCI are needed in order to draw conclusions 

regarding the feasibility of immersive VR training, as data in the present review is limited. 
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Activities of daily living and quality of life 

Our findings suggest that VR training does not have a significant effect on ADL in people with 

MCI, although quality of evidence was low. This is in line with a previous meta-analysis which 

reported similar findings [19]. One possible explanation is that cognitive training delivered via VR 

targets mostly specific cognitive functions and not ADL, and so cognitive training is not able to 

target and improve ADL functions. Similarly, it might be the case that the effect of VR on specific 

cognitive domains shows limited transfer to real life settings including ADL [108]. It could also be 

that because the ADL are not so severely impaired in people with MCI, the scales for measuring 

ADL may not be so sensitive to capture any change in MCI [6]. 

This was the first meta-analysis that included measures of QOL. Nevertheless, only one study 

included QOL measures and therefore a meta-analysis was not conducted [77]. In this study, 

participants trained for 10 weeks by playing on a Nintendo Wii in a virtual environment (e.g., 

playing table tennis with an opponent similarly to a real-life scenario) by using motion controller, 

or with a computerised cognitive training programme (CoTras). Results revealed significant 

improvements of QOL domains such as vitality (energy and fatigue), emotional role limitations, 

mental health, and bodily pain, after playing an exergame on Nintendo Wii, but not in others 

such as physical functioning, physical role limitations, general health perceptions and social 

functioning. Based on the authors’ conclusions, the VR training did not contain elements that 

may increase social functioning, (e.g., social interaction during play) or physical function (e.g., 

lower extremity activities). On the other hand, previous studies have shown that VR exergames 

can benefit mental health [109], emotional and psychological problems [110], and bodily pain 

[111] in older adults. Additionally, the movement component of exergames may promote 

physical activity similar to traditional physical activities [112], which in turn may increase vitality 

[113], as well as other mental and physical domains of QOL measures [114]. Nevertheless, 

more studies are needed to make an informed decision on the QOL benefits of VR training. 
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Dementia 

Global and domain-specific cognition 

Results from four randomised control trials indicate that people with dementia receiving VR 

training improved significantly on overall global cognitive functioning outcomes (Hedge’s g = 

1.14), compared to those receiving more conventional methods such as computerised cognitive 

training or paper and pencil tasks, or to those not receiving an intervention. This is in line with 

previous research that report similar findings [15, 18]. A sensitivity analysis did not reveal any 

significant differences between the studies with lower and medium quality, which increases 

confidence in the results. On the other hand, the effect of VR training on general cognition 

measures (e.g., MMSE, MoCA) does not corroborate this finding, as it was found to be non-

significant. Nevertheless, quality of evidence ranged from low to very low, so more studies are 

needed to examine these effects.  

In terms of the effects of VR training on individual cognitive domains, our findings suggest that 

VR training is beneficial to memory and executive functioning. This is interesting, as we did not 

find the same significant effect of VR training on executive function in people with MCI. 

Furthermore, the effect of VR training on the memory of people with dementia was twice as large 

compared to that found in people with MCI (g = 2.14 compared to g = 1.01, respectively). 

Considering that people with dementia experience greater impairments in memory and executive 

functions than people with MCI [54, 115], it could be assumed that VR training has greater 

benefits for those with greater cognitive impairment. Additionally, the effects on memory and 

executive function have clinical significance, as both of these two functions have been linked to 

impaired ADL in dementia [116].  

On the other hand, only one study included measures of attention, processing speed, and 

working memory,  and reported positive effects of VR training on processing speed which were 

retained after 12 weeks without training [72]. Furthermore, none of the included studies 
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measured verbal function and construction and motor performance. Considering the lack of 

other cognitive measures, the small number of studies, and that quality of evidence was low for 

most cognitive domains, except for memory, more research in this area is needed to draw firm 

conclusions of the effects of VR training on dementia.  

Safety and acceptability 

One study [92] provided information regarding adverse effects, and reported that none of the 

participants experienced any adverse effect [92]. A meta-analysis was not possible as no other 

study reported adverse effects. Nevertheless, we performed a meta-analysis on the numbers of 

dropout to investigate adherence to the intervention compared to the control group. The analysis 

showed no significant differences of dropout numbers between the intervention and control 

groups, which suggests good feasibility of VR training. This is in line with previous research that 

shows feasibility of both immersive and less immersive VR applications in people with dementia 

[102, 117, 118]. It should be noted however, that all the studies included in our meta-analysis for 

dementia used a non-immersive system. Future studies should consider including immersive VR 

training as well as adverse effects measures in order to draw conclusions regarding the 

feasibility of immersive VR training, as data in the present review is limited. 

Activities of daily living and quality of life 

This was the first meta-analysis that investigated the effects of VR training on the ADL of people 

with dementia. Our findings suggest that VR training does not have a significant effect on ADL, 

contrary to the effects reported on other clinical populations, such as Parkinson’s disease and 

stroke patients [119-121]. This contradiction could be attributed to the fact that different 

impairments are involved in dementia and Parkinson’s disease, and that the VR training may be 

able to target the deficits in Parkinson’s disease but not those in dementia [122]. Alternatively, 

this inconsistency with previous findings could be explained by the fact that the studies included 

in our meta-analysis used less immersive systems, whereas more immersive systems could 
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allow more successful transference of skills, as users are able to perform actions in a more 

ecological manner [33]. Furthermore, our results do not support previous research [123], and 

suggest significant benefits on executive function after VR training, but not on the ADL. This 

might indicate that other cognitive domains may contribute to the decline of ADL, such as 

language and attention [116], or maybe the participants were less affected on the ADL and the 

effect was negligible. Finally, it should also be considering that the findings on ADL were based 

on a small number of studies. Future research should focus on examining the link between VR 

cognitive training and ADL. 

Only one study included QOL measures and therefore a meta-analysis was not conducted [92]. 

In this study, people with dementia trained for 8 weeks with a “Dividat Senso” device which 

consists of a step training platform which is sensitive to pressure changes. Participants played 

various exergames by using their lower limbs. Results from this study did not return a significant 

benefit of VR training on QOL measures. It may be that VR training must incorporate other 

aspects in order to benefit QOL. For example, VR training in a group setting has been shown to 

promote a positive and encouraging environment that allows opportunities for social interaction 

[124], which has been shown to benefit QOL [125].  As there is a close link between QOL and 

depression among older adults, improving mood could benefit QOL as well [126]. Nevertheless, 

more studies are needed to make an informed decision on the QOL benefits of VR training as 

research on this is on its infancy. 

How could the effects of VR training be explained? 

The benefits of VR training on cognition compared to more conventional methods may be 

explained by multiple aspects. First, VR offers more complex environments compared to 

conventional methods, which might slow down the progression of MCI [12]. Studies on 

transgenic mice has shown that interaction with enriched environments increases neuroplasticity 

in AD brains [13, 14]. Second, presence, which is inherently linked to VR systems might act as 
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an underlying mechanism for the positive effects of VR training. Studies on healthy young and 

older adults that investigated the mediating effect of presence in immersive VR systems reported 

a positive relationship with cognitive performance [23, 27]. Presence is thought to share similar 

features with selective attention which allows users to focus on the stimuli of virtual environment 

and exclude unrelated real-world stimuli [127]. Third, VR experiences increase motivation and 

engagement which may result in higher adhesion to training [102]. Nevertheless, none of the 

studies included in the present review reported measurements of presence, motivation, and 

engagement. To study the role of these factors as an underlying mechanism explaining the 

positive effects of VR, future studies should include these measures. 

Implications for clinical practice 

A key issue is to identify the underlying clinical impact and to see if gains in cognition observed 

in VR can translate to real life improvements. Most effects that were expressed via standardized 

mean differences were of moderate and large magnitude, which suggests that VR-based 

interventions have clinical significance. Major clinical improvements based on large effects were 

reported for people with MCI, on global cognition, memory, attention, and constructive and motor 

performance. No significant improvement was reported on ADL after VR training, but large 

effects were reported for QOL. Video games and non-immersive applications seem to have 

greater effects on VR training. 

In terms of benefits in people with dementia, VR training shows moderate improvements in 

global cognition, memory, executive function, and processing speed. Global cognition and 

memory showed large cognitive improvement after VR training whereas executive function and 

processing speed showed moderate improvements. Improvements on ADL and QOL are not 

significant. 
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Strengths and limitations 

Our review has several strengths. First, it is the first review to investigate the effects of VR 

training separately in people with MCI and dementia. Previous reviews have treated dementia 

and MCI as one group [15, 18], however, research suggests that there are differences between 

the two conditions in terms of impairment and neurorehabilitation mechanisms [128, 129]. 

Second, we included interventions that contained solely VR training in comparison to previous 

reviews that included mixed interventions or non-VR interventions. Third, we conducted a broad 

search on several big databases, including grey literature databases, in order to capture all 

relevant studies. Furthermore, we did not exclude any languages from our search, and we only 

included studies that used a randomised or quasi randomised control trial design, which 

increases quality of evidence. Additionally, our review is the first to explore the effect of different 

moderators on the effects of VR training and the first to identify immersion and type of training as 

significant moderators for the effects on global cognition. However, there were some limitations 

that we could not control for, which must be considered when interpreting the results. First, the 

limited number of studies should be considered, especially in the meta-analysis of VR training 

effects on dementia, and therefore caution must be exercised when interpreting the results. 

Second, the sample size for some individual cognitive domains as well as for the ADL and QOL 

was small, which lowers confidence in results [130]. Third, a subgroup analysis was not possible 

in all cognitive domains, as the number of studies for these domains was less than the 

recommended (10) [60]. Fourth, for most outcomes we found high heterogeneity that could not 

be explained by the priori moderators, albeit based on small and group-imbalanced sample 

sizes. Other factors such as presence, motivation, engagement, and complexity of environment 

may moderate these effects of VR training. Fifth, only one study with people with MCI and one 

study with people with dementia examined retention of cognitive benefits and QOL measures, so 

more studies with these measures are needed in order to make an informed decision. 

Additionally, none of the studies have included data of adverse effects for the control group, so a 
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comparison between intervention and control groups was not possible. Finally, most studies 

used a non-immersive system, especially those that investigated the effects of VR training on 

dementia, so more studies are needed that include immersive VR training. 

CONCLUSIONS 

In people with MCI, VR training may benefit global cognition, memory, attention, constructive 

and motor performance, and QOL, but it may not benefit executive function, verbal function and 

language, or ADL. Furthermore, VR training seems to be safe and well-accepted by people with 

MCI. However, more studies with immersive VR training are needed in order to be confident of 

these effects. Less immersive systems showed greatest improvements on cognitive outcomes. 

Additionally, video games were most effective, followed by exergames and simulations, and then 

by training that combined two or more of these VR training methods. Presence, motivation, 

engagement, and complexity of virtual environments was not measured in any of the included 

studies, so future studies must examine the effect of these moderators. Finally, more studies 

must include short-term and long-term follow-ups and QOL measures. 

In people with dementia, VR training may benefit global cognition, memory, executive function, 

and processing speed, but not ADL or QOL, although more randomised control trials are needed 

to make an informed decision. Additionally, more studies employing immersive VR training are 

needed to better understand whether more immersive methods may have greater benefit in 

these individuals.  
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Table 1. Summary characteristics of included studies     

Study Group Na 

Age, 

Mean 

(SD) 

Sex 

(f:m) 

Education 

(years) 

Mean 

(SD) 

MMSEa, 

Mean 

(SD) 

Intervention  

Duration 

(total 

minutes)d 

Cognitive domains 

(measures) 
Setting 

Time of 

follow 

up 

Mild Cognitive Impairment 

Amjad et 

al. [74] 

VR  22 62.80 

(5.08) 

N/R N/R 22.68 

(1.34) 

Body and Brain Exercises, by 

Dr. Kawashima (XBOX Kinect) 

27,000 Global cognition 

(MMSE, MoCA) 

 

Attention (TMT- A+B) 

Hospital N/A 

AC 22 65.56 

(5.00) 

N/R N/R 22.83 

(2.09) 

Motion exercise: Joint range of 

motion and stretching exercises 

of upper and lower limbs 

27,000 Hospital  

Hwang & 

Lee [84] 

VR  12 74.10 

(6.00) 

8:4 N/R 22.4 

(0.7) 

Not specified 12,000 Attention (VST, WST) N/R N/A 

AC 12 70.10 

(5.30) 

9:3 N/R 22.3 

(0.7) 

Traditional occupational therapy 12,000 N/R  

Hughes et 

al. [85] 

VR  10 78.50 

(7.10) 

8:2 13.8  

(2.4) 

27.2 

(1.9) 

Boom Blox, Wii Play & Sports 

Resort (Nintendo Wii) 

51,840 Global cognition 

(CAMCI) 

 

Church located 

within the study 

area 

N/A 
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AC 10 76.20 

(4.30) 

6:4 13.1  

(1.9) 

27.1 

(1.8) 

Cognitive stimulation matching 

Wii cognitive simulation 

(Healthy aging education 

program) 

51,840 ADL (TIAODL) Church located 

within the study 

area 

 

Liao et al. 

[70, 71] 

VR  21 75.50 

(5.20) 

11:7 9.3  

(3.8) 

27.2 

(1.9) 

Custom application & Job 

Simulator by Owlchemy labs 

(VIVE HTC, Microsoft Kinect) 

77,760 Attention (TMT-A+B, 

D-TMT, SCWT) 

 

Memory (VLT) 

Global cognition 

(MoCA) 

 

Executive function 

(ExInt-25) 

 

ADL (AODLS) 

N/R N/A 

AC 21 73.10 

(6.80) 

12:4 9.9  

(2.1 

27.2 

(1.6) 

Combined physical and 

cognitive training 

77,760 N/R  

Park et al. 

[80] 

VR  12 71.80 

(6.61) 

7:3 7.2  

(3.61) 

25.3 

(2.41) 

Custom application, (VIVE 

HTC, Microsoft Kinect) 

17,280 Global cognition (K-

MMSE) 

 

Attention (DS-FB, 

SCWT 

 

N/R N/A 

PC 12 69.45 

(7.45) 

6:4 8  

(2.9) 

26.18 

(1.78) 

N/A N/A N/R  
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Executive function 

(WFT) 

Park & 

Park [77] 

VR  39 66.95 

(4.10) 

19:20 8.54 

(4.25) 

26.41 

(1.94) 

Wii Sports Resort, (Nintendo 

Wii) 

27,000 Attention (DS-FB, 

TMT-B, SCWT) 

 

Memory (RAVLT) 

 

Construction and 

motor performance 

(ROCFT, WAIS-RBDT) 

 

QOL (HR-QOL) 

N/R N/A 

AC 39 67.64 

(4.55) 

17:22 8.74  

(4.51) 

26.67 

(1.68) 

Computerised Cognitive 

Training (CCT) (CoTras) 

27,000 N/R  

Tarnanas 

et al. [78] 

VR  39 70.50 

(4.30) 

20:12 Not 

specified 

26.8 

(3.6) 

Virtual Museum 144,000 Memory (RAVLT) 

 

Construction and 

motor performance 

(ROCFT) 

 

Attention (DS-FB, 

SCWT, TMT-B) 

 

N/R N/A 

AC 39 69.70 

(4.50) 

23:16 Not 

specified 

26.2 

(3.6) 

computerised cognitive training, 

DVD-based educational 

programs on history, art and 

literature, or participated at 

puzzle solving exercises 

144,000 N/R  

PC 36 70.90 21:13 Not 26.2 N/A N/A N/A  
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(4.40) specified (3.1) Global cognition 

(MMSE) 

 

Language (BNT) 

 

Executive function 

(CLF) 

Man et al. 

[87] 

VR  20 80.30 

(1.21) 

17:3 Not 

specifiedb 

21.5 

(3.79) 

Custom application- home and 

convenience store for memory 

training 

3,000 Memory (FOME, 

MMQ) 

N/R N/A 

AC 24 80.28 

(1.31) 

22:2 Not 

specifiedb 

23.00 

(3.96) 

Psycho‐educational programme 

similar to VR  

3,000  N/R  

van de 

Weijer et 

al. [79] 

VR  21 64.65 

(7.40) 

N/R N/R N/R AquaSnap N/R Global cognition 

(MyCQ, z-scores of 

SCWT, CLF, RAVLT, 

ROCFT, BNT, LLT, 

JLO) 

Participants’ home N/A 

PC 20 64.01 

(7.41) 

N/R N/R N/R N/A N/R N/A  

Park et al. 

[86] 

VR  10 70.60 

(4.29) 

8:2 7.09  

(3.36) 

26.60 

(1.35) 

Mixed Reality System for Health 9,720 Executive (VF) 

 

N/R N/A 
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AC 11 73.36 

(5.50) 

9:2 7.09  

(3.36) 

26.73 

(1.49) 

Computerised cognitive training 

(CCT) (Comcog, by 

Maxmedica) 

9,720 Language (BNT) 

 

Memory (WL-LRR) 

 

Construction and 

motor performance 

(CPR) 

 

Attention (TMT-A+B) 

N/R  

Park [81] VR 28 71.93 

(3.11) 

16:12 8.42 (4.23) 26.71 

(1.23) 

Bespoke games where 

participants had to find gems 

1,080 Construction and  

motor performance 

(WAIS-Block design) 

 

Memory (VLT) 

N/R N/A 

PC 28 72.04 

(2.42) 

17:11 8.78 (4.13) 26.43 

(1.52) 

N/A N/A N/R  

Park et al. 

[88] 

VR 20 75.80 

(8.50) 

8:10 6.00e 

(N/R) 

N/R MOTOCOG systems with which 

participants performed activities 

such as driving, bathing, 

cooking, and shopping. 

900 Global cognition 

(MoCA) 

Attention (TMT-A+B, 

DS-FB) 

N/R N/A 

AC 20 77.20 

(7.20) 

10:7 6.35e 

(N/R) 

N/R Tabletop activities (puzzles, 

wood blocks, card play, stick 

900 N/R  
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construction activity, maze, and 

pencil-paper activities) 

Ramnath 

et al. [82] 

VR 23 70.80 

(4.52) 

N/R 11.52f 

(N/R) 

24.60 

(2.69) 

XBOX Kinect Sports 1,440 Attention (SCWT,  

NB 0, NB 1, NB 2) 

 

Global cognition 

(MMSE) 

Retirement 

home 

N/A 

AC 22 74.14 

(5.80) 

N/R 10.82f 

(N/R) 

25.00 

(2.67) 

Group-based low intensity 

multimodal supervised exercise 

1,440 Retirement 

home 

 

Torpil et 

al. [83] 

VR 32 70.12 

(2.57) 

19:11 13.47g 

(N/R) 

N/R Exergame in XBOX Kinect 1,080 Global cognition 

(LOTCA-G) 

N/R N/A 

AC 32 70.30 

(2.73) 

17:14 13.55g 

(N/R) 

N/R N/R 1,080  N/R  

Kwan et 

al.[75] 

VR 9 73.44 

(4.77) 

8:1 6.67e 

(N/R) 

N/R Bespoke application with 

multiple mini games and 

exergames 

480 Global cognition 

(MoCA) 

Elderly community 

centre 

N/A 

AC 8 77.25 

(8.40) 

7:1 6.65e 

(N/R) 

N/R Under-desk ergometer 

(DeskCycle 2) and cognitive 

games (Card Pairs, Mind Game 

Double Memory, Flashcard 

Maths, and Mind Game Double 

480 Elderly community 

centre 
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Connect the dots 

Thapa et 

al. [89] 

VR 34 72.60 

(5.40) 

28:6 9.30  

(4.00) 

26.00 

(1.80) 

Bespoke application that 

consisted of four mini-games 

and exergames: Juice making, 

Crow Shooting, Fireworks and 

Love house 

2,400 Global cognition 

(MMSE) 

 

Attention (TMT-A+B, 

SDST) 

N/R N/A 

AC 34 72.70 

(5.60) 

24:10 8.40  

(3.50) 

26.30 

(3.30) 

Educational program on general 

health care 

720-1,200 N/R  

Dementia 

Karsseme-

ijer et al. 

[72, 73] 

VR  38 79.0 (6.9) 18:20 13.22c 

(N/R) 

22.9 

(3.4) 

Combined cognitive -aerobic 

bicycle training (by Bike 

Labyrinth) 

38,880- 

64,800 

 

Attention (TMT-A+B, 

SCWT, WAIS-DS, 

WMS-SS) 

 

Executive function (LF, 

RSCT) 

 

Memory (LLT) 

 

ADL (KADL) 

 

Community centres 24 weeks 

AC 1 38 80.9 (6.1) 17:21 13.09c 

(N/R) 

22.5 

(3.1) 

Aerobic training 38,880 Community 

centres 

 

AC 2 39 79.8 (6.5) 18:21 13.43c 

(N/R) 

21.9 

(3.1) 

Relaxation and flexibility 

exercises 

38,880 Community 

centres 
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Schreiber 

et al. [91] 

VR  7 80.86 

(4.60) 

5:2 N/R 22.14 

(2.97)  

Custom application “MultiTask” 

in which participants had to find 

specific targets and rooms 

300 Memory (NAI, RBMT) 

 

 

N/R N/A 

AC 7 78.86 

(6.72) 

6:1 N/R 19.86 

(4.56) 

Social stimulation 300  N/R  

Swinnen 

et al. [92] 

VR 28 84.70 

(5.60) 

18:5 N/R 18.00 

(4.4) 
Exergames played in the 

“Dividat Senso” 

375 Global cognition 

(MoCA) 

 

QOL (DQoL) 

 

ADL (KADL) 

N/R N/A 

 AC 27 85.30 

(6.50) 

17:5 N/R 17.00 

(4.2) 

Music videos on TV screen 375 N/R  

Oliveira et 

al. [90] 

VR 10 82.6 

(5.42) 

7:3 Not 

specifiedb 

18.60 

(6.48) 

Systemic Lisbon Battery  540 Executive function 

(FAB) 

 

Global cognition 

(MMSE) 

 

ADL (IADL) 

Residential 

care homes 

N/A 

 PC 7 84.14 

(6.30) 

5:2 Not 

specifiedb 

13.00 

(7.53) 

N/A N/A Care units  

 
Notes: VR virtual reality, AC active control, PC passive control, N/R not reported, N/A not applicable, SD standard deviation, f female, m male, 

MMSE Mini-Mental State Examination, MoCA Montreal cognitive assessment, CCT computerised cognitive training, TMT- A+B Trail making test A 
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+ B, VST Visual span test, WST word-colour test, CAMCI Computer Assessment of Memory and Cognitive Impairment, TIAODL Timed 

instrumental activities of daily living, D-TMT Delta trail making test, SCWT Stroop colour-word test, VLT Verbal learning test, ExInt-25 Executive 

interview-25, AODLS Activities of daily living scale, DS-FB Digit span forward and backword, WFT Word fluency test, RAVLT Rey auditory verbal 

learning test, HR-QOL Health related quality of life test, ROCFT Rey-Osterrieth complex figure test, WAIS-RBDT Wechsler adult intelligence scale 

– Revised block design test, K-MMSE Korean Mini-Mental State Examination, BNT Boston Naming Test, CLF Category and letter fluency, FOME 

Fuld object memory evaluation, MMQ Multifactorial memory questionnaire, LLT Location leaning test, JLO Judgment of line orientation, MyCQ My 

cognition quotient, VF Verbal fluency, WL-LRR Word list- learning-recall-recognition, CPR Constructional praxis and recall, LF Letter fluency, 

WAIS-DS Wechsler adult intelligence scale – Digit span, WMS-SS Wechsler memory scale – Spatial span, RSCT Rule shift card test, NAI 

Nuremberg aging inventory, RBMT Rivermead behavioural memory test, NB 0 N-Back task 0, NB 1 N-Back task 2, NB 2 N-Back task 2, LOTCA-G 

LOTCA-G Loewenstein Occupational Therapy Cognitive Assessment-Geriatric, SDST Symbol digit substitution test, FAB Frontal Assessment 

Battery, DQoL Dementia Quality of Life questionnaire, KADL Katz ADL Index, IADL Lawton–Brody Instrumental Activities of Daily Living Scale. 

a Sample size N and MMSE are at baseline. 

b Education was provided by authors but in a format that was not possible to extract. 

c Years of education were imputed based on an approximation of the educational years in Netherlands (8 years of primary school, 4-6 years of 

middle school, 3 years Bachelor, 1-2 years master's degree and 4 years PhD) provided by Wettenbank Overheid.nl [131]. 

d More details can be found in Appendix D. 

e Years of education were imputed based on an approximation of the educational years in Korea (6 years of primary school, 6 years of middle and 

high school, 4 years of university) [132]. 

f Years of education were imputed based on an approximation of the educational years in South Africa (9 years of primary school, 5 years of 

secondary school, 3 years of university) [133]. 
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g Years of education were imputed based on an approximation of the educational years in Turkey (4 years of primary school, 4 years of middle 

school, 4 years of high school, 4 years of university) [134]. 
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Table 2. Subgroup analysis for combined cognitive functioning outcomes with categorical variables for types of intervention, types of 

controls and MCI diagnosis criteria (mixed effects model). 

Outcome Moderator K g P I2 95% CI Qb p 

Cognitive 

functioning 

Active controls/ 

Passive controls 

12 

3 

0.98 

1.44 

<.001 

.02 

75.10 

87.57 

[0.54, 1.33] 

[0.21, 2.67] 
0.57 .44 

 Immersive VR/ 

Non-immersive VR 

5 

10 

0.48 

1.22 

.004 

<.001 

4.50 

79.78 

[0.15, 0.81] 

[0.78, 1.65] 
7.07 .01* 

 Broad MCI diagnosis 

criteria/ 

Rigorous MCI diagnosis 

criteria 

8 

8 

1.04 

1.13 

.002 

<.001 

82.38 

78.63 

[0.39, 1.68] 

[0.67, 1.59] 
0.05 .83 

 

 First-person perspective/  

Third-person perspective 

10 

3 

0.78 

1.17 

<.001 

.03 

66.73 

83.11 

[0.42, 1.13] 

[0.12, 2.22] 
0.49 .49 

 Computerised applications 

in control group /  

Non-computerised 

applications in control group 

4 

 

8 

0.60 

 

1.21 

.09 

 

<.001 

 

79.06 

 

79.72 

[-0.09, 1.28] 

 

[0.65, 1.77] 

 

1.83 

 

.18 

 Commercial 8 1.02 <.001 73.36 [0.59, 1.44] 0.13 .71 

 Bespoke 6 0.86 .02 84.82 [0.13, 1.59]   

 Exergame 5 0.95 .001 77.20 [0.36, 1.53] 10.38 .016* 

 Game 2 2.03 <.001 63.69 [1.19, 2.86]   
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 Simulation  4 0.95 .002 72.60 [0.34, 1.57]   

 Mixed 4 0.52 .01 21.47 [0.12, 0.92]   

Notes. k, Number of studies included in the analysis; g, Hedge’s g; 95% CI, 95% Confidence interval around the weighted mean effect size; I2, Heterogeneity within 

study, Qb, Heterogeneity between studies, * indicates significance. 

 

 

Table 3. Meta-regression analysis for combined cognitive functioning outcomes with numeric variables for education and duration 

(mixed effects model). 

Outcome Moderator k β SE 95% CI Z p 

Cognitive 

functioning 

Education 11 0.006 0.088 [-0.17, 0.18] 0.07 .95 

 Duration of intervention sessions 

(in total minutes) 

15 0.00003 0.0002 [-0.0004, 0.0005] 0.13 .90 

Notes. k, number of studies included in the analysis; 95% CI, 95% confidence interval around the weighted mean effect size; SE, standard error; β, meta-

regression coefficient; Z, value for testing statistical significance for one coefficient. 

 


