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Abstract

Background: Serious games (SGs) are nonpharmacological interventions that are widely applied among older adults. To date,
no evidence has been published regarding the effect of digital SGs on cognitive ability, daily behavioral capacity, or depression
in older adults with Alzheimer’s disease (AD) and mild cognitive impairment (MCI).

Objective: This study aimed to assess the effect of SGs on older adults with AD and MCI by summarizing and pooling the
results of previous studies.

Methods. Thismeta-analysis examined the effectiveness of digital SGsin improving cognitive ability, enhancing daily behavioral
capacity, and alleviating depression in older adults with AD and MCI. We searched the following databases up to December 31,
2023, to identify relevant high-quality randomized controlled trials (RCTs): PubMed, Embase, Web of Science, Scopus, and
Cochrane Library. Stata 15.1 and Review Manager 5.3 were used to screen the 14 studies, extract data, code the data, and perform
meta-analysis. Mean differences and standardized mean differences (SMDs) with 95% Cls were used to calculate continuous
variables. The Cochrane risk-of-bias assessment tool was used to evaluate the risk of bias. Eligibility criteriawere developed in
accordance with the Population, Intervention, Comparison, Outcomes, and Study Design framework: (1) population (older adults
with AD and MCI), (2) intervention (digital SG intervention), (3) comparison (digital SG intervention vs routine health care),
(4) outcomes (cognitive ability, daily behavioral capacity, and depression), and (5) study or research design (RCT). Sensitivity
analysis was performed, and afunnel plot was constructed.

Results: From January 2017 to December 2023, we enrolled 714 individuals across 14 RCTSs, with 374 (52.4%) in the severe
game group using digital SGs and 340 (47.6%) in the control group using traditional methods. The results of our meta-analysis
indicated that using digital SGsin older adults with AD and MCI is more effective than traditional training methods in severa
key areas. Specifically, digital SG therapy significantly increased cognitive ability, asfound in the Mini-Mental State Examination
(SMD 2.11, 95% CI 1.42-2.80; P<.001) and the Montreal Cognitive Assessment (SMD 2.75, 95% CI 1.98-3.51; P<.001),
significantly increased daily behavioral capacity (SMD 0.53, 95% CI 0.06-0.99; P=.03), and significantly reduced depression
(SMD —2.08, 95% Cl —2.94 to —1.22; P<.001) in older adults with AD and MCI. No publication bias was detected based on the
results of Begg and Egger tests.
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Conclusions: Digital SGsoffer aviable and effective nonpharmacol ogical approach for older adultswith AD and MCI, yielding
better results compared to traditional formats. However, caution iswarranted in interpreting these findings due to limited RCTS,

small sample sizes, and low-quality meta-analyzed evidence.
Trial Registration:

PROSPERO International Prospective Register of Systematic Reviews. CRDCRD42023486090;

https.//www.crd.york.ac.uk/PROSPERO/display_record.php?Recordl D=486090

(IMIR Serious Games 2024;12:e55785) doi: 10.2196/55785
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Introduction

Alzheimer'sdisease (AD) and mild cognitiveimpairment (MCI)
are among the most common diseases affecting older adults.
Asthe worldwide population is aging, theincidence of AD and
MCI is gradually increasing, leading to major challenges for
older adults. AD and MCI are being increasingly researched
worldwide because of their adverse effects on cognitive ability,
daily behavioral capacity, and depression among older adults.
Currently, more than 55 million people worldwide have
dementia [1]. Dementia is a progressive degenerative disease
of the central nervous system that metastasi zesthrough different
clinical stages [2] and is characterized by abnormal behavior,
declining cognitive function, and declining daily living ability
[3]. Dementia affects multiple aspects of cognitive function,
including complex attention, memory and learning,
perceptual-motor skills, social cognition, and language [4]. AD
is the most common form of dementia and may account for
60%-70% (38.77 million) of the 55 million cases of dementia
[5]. MCl isanintermediate stage between dementiaand normal
aging [6]; clinicians and researchers consider the stage of MCl
to be a“window” for potentially delaying the progression into
dementia [7]. Moreover, the number of MCI cases among
individuals above the age of 60 years is 5.82 million [8]. In
2019, the worldwide economic cost of dementia amounted to
US $1.3ttrillion, of which approximately 50% (US $0.65 trillion)
involved care provided by informal caregivers (eg, family
members and close friends), who provided an average of 5 hours
of careand supervision per day [9]. Chinahasthelargest number
of patients with dementia worldwide, which leads to a huge
burden on the health care and public system [10]. Approximately
13.75 million (25%) of 55 million people with dementia are
Chinese[11], and thus, this country ranksfirst in theworld. The
results of a recent nationa cross-sectional study showed that
there are 16.07 million people aged 60 years and over in China
who have dementia; 9.83 million of these individuals have AD
[11]. Presently, thereis no known curefor dementia; health care
and medication can only slow the disease progression [12].

When older people get MCI and AD, they experience arange
of painful experiences related to this particular stage of life,
such as depression [7,13], decreased cognitive ability [7,14],
and decreased daily living ability [15,16]. Sudden illness can
cause patients to experience both physical and psychological
pain [17]. A significant proportion of the population with MClI
and AD reports higher levels of perceived [18]. Depression is
characterized by threats that exceed an individual’s coping

https://games.jmir.org/2024/1/e55785

abilities, thusresulting in afeeling of being overwhelmed [19].
A growing body of evidence suggests that several important
dimensions of life are frequently sacrificed when individuals
get MCl and AD, and cognitive ability, daily behavioral capacity
and depression are often neglected. Therefore, digital serious
games (SGs) for older adults with MCI and AD may be crucial
in the early intervention and prevention of these mental and
physical disorders [20]. According to a previous report, even
in worse cases, mental and physical disorders are risk factors
for MCl and AD [21]. Patientswith MCI and AD are completely
dependent on caregivers, have markedly impaired memory
function, are unable to take care of themselves in daily life,
exhibit incontinence, and may even be completely unable to
speak and have hemiplegia [22]. MCI and AD even cause an
increase in the risk of mortality [23], which significantly
damages peopl€e's health and imposes a growing burden on
individuals and the entire society. Therefore, it is highly
emergent to develop nondrug therapies and use theminthefield
of social work for older adults. This may slow the progression
of cognitive disability in individuals with MCl and AD to
combat personal and socioeconomic problems, to address the
alarming increase in the incidences of MCI and dementia
worldwide, and to overcome the lack of effective drug
treatments for these diseases.

There are many therapeutic methods for treating MCl and AD
in older adults. Game therapy has been recommended as a
nonpharmacological treatment method due to its limited side
effects. According to recent meta-analyses [24-26], game
therapy could increase cognitive ability [26] and daily
performance ability [27,28] and alleviate depression [29,30] in
older adults with MCI and AD. Game therapy refers to an
intervention method in which games are used as a therapeutic
medium. This therapy originated from a child psychoanalysis
program devel oped by the famous psychologist Sigmund Freud.
He observed that thereisarelationship between early childhood
development and children’s games. In the discussion of
children’s control of emotions through games, Freud presented
the rationale for game therapy [31]. After nearly a century of
clinical development, the therapeutic function of games has
been proven in practice [32,33]. SGs may take many forms,
depending on their treatment, such as (1) cognitive training
games, which are mainly used to improve or maintain users
cognitive abilities (eg, memory, executive function, and
memory) [34-37]; (2) sports games or video games, in which
part of the game needs to include exercise [38,39]; (3)
biofeedback games, which use electronic sensors connected to
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the participant’s body to receive information about their physical
status (eg, an electrocardiograph sensor), with the aim of
adjusting some bodily functions (eg, heart rate) [39-46]; and
(4) cognitive behaviora therapy (CBT)-based games that
provide computerized computer-based training. Due to the
popularity of smart devices, handheld computers, personal
computers, video game consol es, tablets, and smartphones, there
isawidevariety of SGs[47,48]. Digital SGs, as defined in this
paper, are SGs played through digital media. Digitally designed
games help promote mental health [49], emotions [50],
well-being [51], social function [51], and cognitive flexibility
[52] compared to traditional cognitive training and exercise
[53].

With respect to the development of game therapy theory, many
studies have shown that game therapy is applicable for older
adults [54]. The introduction of virtual reality technology has
recently provided a new way to implement environmental
enrichment in the context of clinical practice, which improves
the physical health of patients with MCI and AD [55], treats
chronic disease [56], increases cognitive ability [57] and daily
behavioral capacity [50,52], aleviates depression [58], and
increases self-esteem [59] and cohesion [60] by combining
virtual immersion with cognitive stimulation. In conclusion,
SG therapy is regarded as a promising treatment strategy for
older adults with dementia and MCI in terms of increasing
cognitive ability, improving daily behavioral capacity, and
alleviating mental health issues. Game therapy is therefore
increasingly used in gerontology, with the goa of providing
psychosocial stabilization and support.

There are a few research gaps. Firgt, there are inconsistent
clinical resultsregarding the effects of SG therapy on cognitive
performance, daily performance, and depression. According to
Saragih et al [21] and Ning et al [60], SGs have been shown to
improve cognitive function. However, Huang et a [61] and
Kleschnitzki et al [62] reported that no significant changes are
found in cognitive function or global status after virtual reality
intervention. Wang et a [63] discovered that SGshave apositive
impact on executive function. However, Abd-Alrazaq et al [52]
found that there is no difference between adaptive SGs and
nonadaptive SGs in improving executive function, athough
daily behaviora capacity is particularly related to executive
function, such as scheduling appointments, making monthly
payments, managing the household economy, shopping, or
taking the bus. This meansthe effect of SGsinimproving daily
behavioral capacity isyet to be explored. Bai et a [50] compared
SGswith intervention-free practices and found that game-based
interventions lead to clinicaly and statistically significant
improvementsin depression severity. Bojan et al [64] discovered
that SGs can cause a significant increase in positive emotions
and a decrease in negative emotions [11,65]. However,
according to Fitzgerald et a [66], whether SGs can improve
depression in some cases is worth exploring. Therefore, there
are inconsistent clinical results regarding the effects of SG
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therapy on cognitive performance, daily performance, and
depression. A more comprehensive review is needed to
systematically evaluate the effects of SGs on the physical and
mental health of older adults with AD and MCI. Second, the
previous literature only focused on SGs for a type of disease
for older adults. Manca et a [67] observed the positive impact
of SGswith humanoid robots on older adultswith MCI. Pacheco
et al [68] found that exergames improve balance and mobility
in older adults to keep performing balance exercises. Yu and
Chan [69] discovered video game training can effectively
improve the cognition of older adults. This study investigated
the effects of SGs on the cognitive ability, daily behavioral
capacity, and depression of older adults with MCI and AD
simultaneoudly. Third, it is important to investigate not only
the effects of SGsbut al so the variablesthat may influencetheir
effectiveness, including the duration of treatment and the target
population. In this research, we used weeks and continental
plates (within and outside Europe) to divide the subgroup
analysis, which was not available in previous studies. In view
of this, we conducted a systematic review and meta-analysisto
comprehensively evaluate the effect of digital SGson cognitive
ability, daily behavioral capacity, and depression of older adults
(=60 years old) with MCI and AD.

Methods

Data Sources and Search Strategy

This review was conducted in strict accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [70]; adso see Multimedia
Appendices 1 and 2[71]. We registered the study in PROSPERO
(Prospective Register of Systematic Reviews,
CRD42023486090). We used the PICOS (Population,
Intervention, Comparison, Outcomes, and Study Design)
framework [72] to structure study inclusion and exclusion
criteria (Table 1). Our population of interest had at least 1
indicator indicating cognitive ability, behaviora ability, or
emotion-related ability, and their age was>60 years. We sought
studies describing interventions with digital SGs implemented
among older adults with cognitive impairment in an
experimental group (severe game group [SGG]), including
exergames or video games, cognitive training games,
computerized CBT-based games, and bi of eedback games. There
were no restrictions regarding the time of intervention. For
comparison, we had a control group (CG) that received a
different intervention, such as routine health care, traditional
Tai Chi, or music. Our outcomes of interest included cognitive
ability, daily behavioral capacity, and depressionin older adults
with cognitive impairment. We excluded studies that presented
reviews, non—randomized controlled trials (RCTs), and papers
for which the full text was unavailable. All included studies
were published in Chinese or English. Studies in which the
results were interpreted from the perspective of older adults
with cognitive impairment were deemed €eligible.
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Table 1. Inclusion and exclusion criteria.
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Element Inclusion criteria Exclusion criteria
Population « Atleast 1indicator representing cognitive ability, behav- /a2
ioral ability, or emotion-related ability
« Age>60years
Intervention *  Digital SG (eg, exergames, video games, cognitive N/A
training games, computerized CBT -based games,
biofeedback games)
Comparison «  Differentinterventions(eg, routine health care, traditional  N/A
Tai Chi, music)
Outcomes «  Cognitive ability N/A
« Daily behaviora capacity
o Depression
Study design « RcTd « Reviews
« Non-RCTs
o Paperswith full text unavailable
Language «  Chinese or English papers «  Not Chinese or English papers

8N/A: not applicable.

bSG: serious game.

CCBT: cognitive behavioral therapy.
9RCT: randomized controlled trial.

Search Strategy

The following databases were searched to identify the relevant
literature: PubMed, Embase, Web of Science, Scopus, and
Cochrane Library. The following search terms were used for
the search: (“Cognitive Ability” OR “Daily Behavior Ability”
OR “Mental Health” OR “Depression”) AND (“ Serious Games
Based” OR “Serious Games’ OR “Web-Based or Mobil€e”)
AND (“Old Adultsin Cognitive Impairment” OR “ Old Adults’
OR “Older People”) AND (“A pilot study” OR “Randomized
Controlled Trial” OR “RCT"). Detailed search strategies for
each database are given in Multimedia Appendix 3. The
keywordswere used to search for papers published from January
1, 2017, to December 31, 2023. The snowball method was
adopted to search the reference lists of the included studies.
Additionally, the reference lists of the included studies were
manually searched to identify eligible papers. Unpublished
academic literature was not considered eligible. The reference
lists and relevant reviews were then screened to identify any
pertinent studies. To identify additional relevant publications,
we also retrieved gray literature [73].

Data Extraction

Four researchers (authors XZ, YT, YC, and ZZ) screened al
the literature for inclusion. After removing duplicates using
EndNote X9, al studies wereindependently screened based on
titles and abstracts. Next, we carefully read the full texts of the
remaining papersin accordance with theinclusion and exclusion
criteria. Finally, data were extracted from the included studies.
The co-first author (XZ) used the modified version of the data
extraction table in the Systematic Review Manual of Cochrane
Interventions to extract data A modified version of the
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intervention description and replication was using following
the template for intervention description and replication
(TIDieR) list and guidelines [74] to extract data of the
intervention, design, and delivery features, as defined in the
introduction. First, data were extracted by the co-first author
(XZ). Next, the second author (ZZ) checked the accuracy of the
process. Finaly, the co-first author (YC), through thematic
analysis [75], extracted the following data from the list of 14
studies [34-47]:

« Study characteristics: name of author, publication year,
country, publication type, and study design

«  Subject characteristics: sample size, participant mean age,
participant age, Mini-Mental State Examination (MM SE)
score, participant health conditions, and population group

« Intervention details: setting, intervention type, delivery
mode design (how), content (ie, procedures, materials,
process, activities [what]), and delivery details (ie,
intervention delivery format, intervention duration, session
length, session frequency, intensity)

«  Study quality: Jadad score

«  Mainoutcomes: reported results, conclusion, measurement,
and follow-up

Risk-of-Bias Assessment and Quality Assessment

Using the Cochrane Collaboration risk-of-bias tool [76], we
independently assessed the risk of bias. Additionaly, we
assessed the quality of the 14 studies using the Jadad scale [ 77].
The risk-of-bias tool assesses 7 domains: (1) generation of a
random sequence, (2) allocation concealment, (3) subject and
experimenter blinding, (4) outcome assessor blinding, (5)
resulting data integration, (6) selective reports, and (7) other
bias risk. Each study was categorized as having alow, high, or

JMIR Serious Games 2024 | vol. 12 | €55785 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

unclear risk of bias. We also performed Begg and Egger tests
to evaluate the degree of publication bias[78].

Statistical Analysis

Stata 15.1 and Review Manager 5.3 were used to conduct data
analysis. Forest plots were constructed to intuitively illustrate
the results. In the included literature, the outcomes were
measured as continuous variables, and the same indicator was
assessed with different tools. These indicators were presented
as standard mean differences (SMDs). a=.05 was considered
statistically significant. Heterogeneity was assessed with 12
statistics, which were classified as high (>75%), moderate
(50%-75%), or low (<50%) [ 79]. In cases of high heterogeneity,
sensitivity analysiswas performed using the leave-1-out method
to identify the sources of heterogeneity. In the analysis,
numerous weeks were compared as subpoints to check the
results. The Begg test [80] and Egger test [81] were used to
assess publication bias. P<.05 indicated significant results. When
a meta-analysis included at least 10 studies, publication bias
was evaluated with afunnel plot [82,83]. In this study, 95% ClI
and the SMD were examined [84]. Overall, P<.05 indicated
statistically significant effects. Subgroup analyses were
performed based on the country of intervention (outside Europe
or not) and the length of intervention (weeks).
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Results

Study Selection

Figure 1 shows the study selection process. After searching 13
databases, 4260 relevant records were identified. For duplicate
removal, we imported al the studies into EndNote X8 [85].
After removing 1893 (44.4%) duplicates and eliminating 2352
(55.2%) papers via a strict screening process, 14 (0.3%) RCTs
[34-47] from before December 2023 involving 714 participants
were finally included. Studies were excluded because they did
not report SDs[26,86-88], were review papers[89,90], or were
not within the scope of this meta-analysis [91-94]. All the
included studiesreported that digital SGs have apositive impact
on cognitive ability, daily behavioral capacity, and depression.
The primary outcomes of interest were an increase in cognitive
ability scores (assessed with the MM SE and the MoCA), an
increase in daily behavioral capacity indicators (assessed with
the Barthel Index, the Katz Index, the Lawton and Brody I ndex,
the Korean version of the Modified Barthel Index [K-MBI],
and the Activitiesof Daily Living [ADL] scale), and areduction
in depression (assessed with the Goldberg Anxiety and
Depression Scale [EADG], the 15-item Geriatric Depression
Scale [EDG-15], and the Cornell Scale for Depression in
Dementia[CSDD]).
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Figure 1. Study selection flowchart based on PRISMA guidelines, 2020. PRISMA: Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses.
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Study Char acteristics

Table 2 and Multimedia Appendix 4 [34-47] show the overall
characteristics of the included studies. All 14 studies were
published before 2023. The sample sizesranged from 17 to 112,
and 714 older adults aged >60 years were enrolled in the
included studies, including 340 (47.6%) subjects in the SGG
and 374 (52.4%) subjectsinthe CG. All participantswere older
adults with cognitive impairment, but they had not been
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diagnosed with psychiatric disorders. All interventions were
based on digital SGs, and their durations ranged from 4 weeks
to 12 weeks. Theinterventionslasted from 45 minutesto 5 hours
each week. Both group training and individual training methods
were used [34-47]. All 14 studies [34-47] were subdivided into
digital SG training methods (exergames or video games,
cognitive training games, computerized CBT games, and
biofeedback games).
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Table 2. Characteristics and findings of the included studies (N=14)2.
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Study Location Sample size: sGGP and ggg (yegr? G Disease ]j'i me Reported results and conclusion
c an , rame
CG", N (%) range (aver- (weeks)
age)/mean (SD)
Yanget Republic  SGG: 10/20(50) SGG: 64-78 Dementia 4 Result: Postintervention, the K-MMSEY score of the
a[34] ofKorea  cG: 10/20 (50) (71.1) SGG was higher than that of the CG.
CG:61-78(69.9) Conclusion: Computer-based CBT® training might
have beneficial effects on general cognitive function
in the early stage of AD'.
Kwanet Hong ~ SGG: 16/33(48) SGG: (average):  Dementia 12 Result: Postintervention, the MoCAY score of the
a [35  Kong, Chi- cq: 17/33 (52) 705 SGG was higher than that of the CG.
na CG: (average): Conclusion: The mobile health (mHealth) interven-
71 tion isfeasible for implementation in older people
with cognitive impairment and is effective at enhanc-
ing cognitive function.
Limet Republic SGG: 12/24 (50) SGG: 69-81 Dementia 4 Result: Postintervention, the K-MMSE, K-MOCAh,
36 ofkorea  cg: 1224 (50) (75.42) and DQoLi scores of the SGG were higher than those
C7<§13%5-90 of the CG.
(73.33) Conclusion: The research group showed significant
improvement in cognitive function after training.
Family SG¢ are believed to help improve cognitive
function.
Leeet Republic SGG: 10/20 (50) SGG: 65-83 MCI, AD, 3 Result: Postintervention, the K-MMSE and ADLk
a[37] ofKorea  cG: 10720 (50) (74.5) dementia scores of the SGG were higher than those of the CG.
CG: 65-82 (74) Conclusion: Through this preliminary study, we
verified that the newly developed computerized
cognitive rehabilitation program is effectivein im-
proving cognitive function.
Yang Fujian, SGG: 44/88 (50) SGG: 62-83 Dementia 12 Result: Postintervention, the MM SE' and ADL scores
(38] China CG: 44/88 (50) (71.89) of the SGG were higher than those of the CG.
CG: 61-82 Conclusion: I nteractive games can improve the cog-
(71.63) nitive function and daily living ability of patients
with senile dementia
Van Nether- SGG: 73/112 (65) SGG: 73-85(79) Dementia 8 Result: Postintervention, the MM SE score of the
Santen lands CG: 39/112 (35) CG: 72-86 (79) SGG was higher than that of the CG.
etal Conclusion: Sportsgames can improve the cognitive
(39] function of patients with senile dementia.
Zheng  Zhegiang, SGG: 18/38 (47) SGG: 75-87 Dementia 8 Result: Postintervention, compared to the CG, the
eta China CG: 20/38 (53) (81.74) MM SE score of the SGG was significantly higher
[40] CG: 78-89 and the CSDD™ score was significantly lower.
(84.26) Conclusion: Somatic interactive game interventions
can improve memory and language function and re-
duce depression in older patients with dementia, but
the impact on cognitive function and ADL needs to
be explored.
Wuetal Shandong, SGG: 47/94 (50) SGG: 61-80 Dementia 12 Result: Postintervention, the MoCA score of the SGG
CG: 60-80 Conclusion: Sensory stimulation combined with
(72.65) sensory interaction games can improve cognitive
function.
Savulich  United SGG: 21/42 (50) SGG: 67-82 Dementia 4 Result: Postintervention, the MM SE score of the
[42] CG: 68-85 (76.9) Conclusion: Gamification maximizes engagement

with cognitive training by increasing motivation and
could complement pharmacological treatments for

amnestic MCI" and mild AD.
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Study  Location  gamplesize: SGGPand  Age (years): Disease Time Reported results and conclusion
SGG and CG frame
C 3
CG", /N (%) range (aver- (weeks)
age)/mean (SD)

Swin- Belgium SGG: 23/45 (51) SGG: 79-90 Dementia 8 Result: Postintervention, compared to the CG, the

nenetal CG: 22/45 (49) (84.7) MMSE, MoCA, and DQoL scores of the SG were

[43] CG: 78-91(85.3) higher and the CSDD score was significantly lower.
Conclusion: Individually adapted exergame training
improves lower extremity functioning, cognitive
function, and depressionin long-term-carefacilities.

Liuetal Taipse, SGG: 16/33 (48) SGG: 68-80 Dementia 12 Result: Postintervention, the MoCA score of the SGG

CG: 66-79 (73.4) Conclusion: Exergaming-based Tai Chi iscomparable
to traditional Tai Chi for enhancement of cognitive
function.

Thapa  Republic  SGG: 34/68 (50) SGG: 67-78 MCl,de- 8 Result: Postintervention, the MM SE score of the

etal of Korea  cG: 34/68 (50) (72.6) mentia SGG was higher than that of the CG.

[45] CG: 67-78(72.7) Conclusion: Encouraging patientsto perform virtual
reality— and game-based training may be beneficial
to prevent cognitive decline.

Oliveira Portugal SGG: 10/17 (59) SGG: 77-88 Dementia 5 Result: Postintervention, the MM SE and ADL scores

etal CG: 7/17 (41) (82.6) of the SGG were higher than those of the CG.

[46] CG: 77-90 Conclusion: Thisapproach iseffective for neurocog-

(84.14) nitive stimulation in older adults with dementia,
contributing to maintaining cognitive functionin AD.

Jahouh  Spain SGG: 40/80 (50) SGG: 85.05 MCI 8 Result: Postintervention, the MM SE and ADL scores

eta CG: 40/80 (50) (8.63) of the SGG were significantly higher and the EGD-

[47] 15° and EADGP scoreswere significantly lower than

CG: 83.25 (8.79)

those of the CG.

Conclusion: The Wii video console has a positive
influence on older people by increasing cognitive
ability, enhancing the level of ADL, and improving
the psychological status.

3publication type: journal paper; study design: randomized controlled trial (RCT); study population: older adults; setting: clinical.

bSGG: serious game group.

¢CG: control group.

9K -MMSE: Korean version of the Mini-Mental State Examination.
€CBT: cognitive behavioral therapy.

fAD: Alzheimer's disease.

9MoCA: Montreal Cognitive Assessment.

PK-MoCA: Korean version of the Montreal Cognitive Assessment.
iDQoL: Dementia Quality of Life.

ISG: serious game.

KADL: activities of daily living.

IMMSE: Mini-Mental State Examination.

MCSDD: Cornell Scale for Depression in Dementia.

"MCI: mild cognitive impairment.

®EGD-15: 15-item Geriatric Depression Scale.

PEADG: Goldberg Anxiety and Depression Scale.

Risk of Biasand Quality Assessment

Figures 2 and 3 show the results of the risk-of-bias assessment.
All 14 papers [34-47] described the randomization methods in
detail. The blinding method was detailed in 7 (50%) studies: 4

https://games.jmir.org/2024/1/e55785

RenderX

(57%) of these studies were double-blind trials [40,44,45,47],
while 3 (43%) were single-blind trials [36,37,46]. The average
Jadad score across al included studies was 4.7, indicating
fair-to-mild quality.
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Figure 2. Risk-of-bias graph.
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effect size measure. The pooled results revealed alow degree
of heterogeneity among the studies (P=.23, 1°=23%),
Cognitive Ability I ndicators necessitating the use of a random effects model for the
Of the 14 studies, 10 (71%) [34,36-40,42,45-47] involving 409 ~ Meta-analysis. Figure 4 demonstrates that cognitive ability
(57.3%) older adults (N=272, 66.5%, in the SGG and n=237, Scores in digital SGs significantly increased between the 2

33.5%, in the CG) assessed the effects of SGs on older adults ~ 9roups under investigation (SMD 2.11, 95% CI 1.42-2.80;

Meta-Analyses
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50.2%, in the CG) assessed the effects of SGs on older adults
cognitive ability based on MoCA scores. Because different
evaluation toolswere used, the SMD was considered the pooled
effect size measure. The pooled results revealed a low degree

of heterogeneity among the studies (P=.33, [°=13%),

Figure 4. Forest plot for MMSE. MMSE: Mini-Mental State Examination.

Favours (experimental) Favors (control)

Zuo et al

necessitating the use of a random effects model for the
meta-analysis. Figure 5 demonstrates that cognitive ability
scores in digital SGs significantly increased between the 2
groups under investigation (SMD 2.75, 95% CI 1.98-3.51;
P<.001).

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Jahouh et al (2021) 204 B.1827502 40 -0.82 B.42875571 40 6.3% 2.96[0.20,5.72]

Lee etal (2018) 1.1 G6.634305894 10 21 4327817 10 2.0% -1.00[-5.94, 3.94] —
Lim etal (2023) 3.5 502630083 12 1.33 5.68287427 12 26% 217212, 6.46] ]

Oliveira et al (2021) 1.2 7.561405497 10 -0.57 8.06375006 7 0.8% 1.77[-5.82, 9.36]

Santen etal (2020) 0.2 7684528991 73 -24 B.81028634 34 6.2% 2.20[-0.57, 4.87] T
Savulich etal (2017) 0.8 26795522 21 -0.7 2.52507426 21 19.3% 1.50[-0.07, 3.07] =
Thapa etal (2020) 049 20880613 34 0.1 332445484 34 27.4% 080052, 212] T

Yang (20213 6.5 326462555 44 249 280643725 44 28.8%  3.60[2.31, 4.89] ——
Yang etal (2017) 2.4 356875328 10 -0.5 3.63042697 10 4.8% 2.90[-0.26, 6.06] T
Zheng etal (2018) 272 7.59295463 18 -0.05 8.36665764 20 1.9% 277 [-2.30,7.84] ]

Total (95% CI) 272 237 100.0% 2.11[1.42, 2.80] *
Heterogeneity: Ghi®= 11.71, df= 8 (P = 0.23);, F= 23% o * } t P

Test for overall effect: £= 598 (P = 0.00001)

Figure 5. Forest plot for MOoCA. MoCA: Montreal Cognitive Assessment.

Favours (experimental) Fawors (control)

Study or Subgroup Mean SD Total Mean

Kuwran et al {2020) 2.8 771362431 16 1 B.31268564 17
Lirn et al (2023) 3.33 1.96281431 12 167 336411058 12
Liu et al (2022) 1.8 2.37368911 16 -0.5 2EBBB05172 17
Swinnen et al (2021} 2.7 517629211 23 -2.8 513809303 22
W (2020) 8.52 237165343 47 BBB 256027342 47
Total (95% CI) 114 115

Heterogeneity: Chi®=4.59 df=4 (P=0.33); F=13%
Test for overall effect: 2= 7.03 (P = 0.00001)

Daily Behavioral Capacity I ndicators

Of the 14 studies, 6 (43%) [37,38,40,43,46,47] involving 448
(62.7%) older adults (n=225, 50.2%, in the SGG and n=223,
49.8%, in the CG) assessed the effects of SGs on older adults’
daily behavioral capacity based on the Barthel Index, the Katz
Index, the Lawton and Brody Index, the K-MBI, and the ADL
scale. Because different evaluation tools were used, the SMD

Figure 6. Forest plot for daily behavioral capacity indicators.

Favours (experimental)
Mean SD Total

Favors (control)

Study or Subaroup Mean

Jahouh etal (20213 (1) -0.99 264460583 40 0.31 262744363 40
Jahouh etal (2021 (2) -1.3 381619112 40 073 327207885 40
Swinnen et al (2021) -4 G.14751982 23 4 E.40468578 22
Yang etal (2017) -0 &77408001 10 -01 426206916 10
Zheng et al (2018) -3.06 582011168 18 1.85 10.9504114 20
Total (95% CI) 131 132

Heterogeneity: Chi®= 20.29, df= 4 (P = 0.0004); F= 80%
Testfor averall effect: Z=4.74 (P = 0.00001)

Depression Indicators

Of the 14 studies, 4 (29%) [34,40,43,47] involving 292 (40.9%)
older adults (n=145, 49.7%, in the SGG and n=147, 50.3%, in
the CG) assessed the effects of SGs on older adults’ depression
based on the EADG, the EDG-15, the Geriatric Depression
Scale(GDS), and the CSDD. Because different evaluation tools
were used, the SMD was considered the pooled effect size
measure. The pooled results revealed a low degree of
heterogeneity among the studies (P<.001, 1°=80%), necessitating
the use of arandom effects model for the meta-analysis. Figure

https://games.jmir.org/2024/1/e55785

SD_Total Weight

SD Total Weight
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1.60[-3.33,6.33]
1.66 [-0.54, 3.56]

2.40[0.68, 412
5.50 [2.49, 8.51]
2.84[1.84,3.84]
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IV, Fixed, 95% C1

248%
121%
19.9%

6.5%
49.1%

- l|'|"i|

100.0% 2.75[1.98, 3.51]

20 10 0 10 0
Favours [experimental] Favours [control]

was considered the pooled effect size measure. The pooled
results revealed significant heterogeneity among the studies

(P=.03, 1>=91%), necessitating the use of arandom effects model
for the meta-analysis. Figure 6 demonstrates that daily
behavioral capacity scoresin digital SGssignificantly increased
between the 2 groups under investigation (SMD 0.53, 95% ClI
0.06-0.99; P=.03).

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

55.4% 130 [2.45,-0.14]
33.3%  -2.03 [3.52,-0.54] -
5.5% -8.00 [-11.67,-4.33] —
34%  0.00[4.68, 4.68]
2.4% -0.01 [15.41,-4.41] —_—
100.0% -2.08[-2.94,-1.22] ¢
20 0 0 10 20

Favours [experimentall Favours [control]

7 demonstrates that cognitive ability scores in digital SGs
significantly increased between the 2 groups under investigation
(SMD —2.08, 95% Cl —2.94 to 1.22; P<.001).

In conclusion, the included studies reported scores on the
MMSE, MoCA, the Barthel Index, the Katz Index, the Lawton
and Brody Index, the K-MBI, the ADL scale, the EADG, the
EDG-15, and the CSDD. A tota of 3 outcomeswere eval uated:
cognitive ability, daily behavioral capacity, and depression. The
SGG had significantly greater total MM SE scores than the CG
(SMD 2.11, 95% CI 1.42-2.80; P=.23, 1°=23%), as shown in
Figure 4. The SGG had significantly greater total MoCA scores
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than the CG (SMD 2.75, 95% Cl 1.98-3.51; P=.33, 1°=13%),
asshownin Figure5. In addition, areductionin daily behavioral
capacity indicators was observed based on the Barthel Index,
the Katz Index, the Lawton and Brody Index, the K-MBI, and
the ADL scale. The SG led to increased daily behaviora

Figure 7. Forest plot for depression indicators.

Favours (experimental) Favors (control)

Zuo et al

capacity scores in the SGG (SMD 0.53, 95% CI 0.06-0.99;

P=.03, 12=91%), as shown in Figure 6, compared to the CG.
The SGG also showed a decrease in depression based on the
EADG, the EDG-15, and the CSDD (SMD —2.08, 95% CI —2.94

to —1.25; P<.001, 1>=80%), as shown in Figure 7.

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Jahouh etal (2021) (1) 3.95 17.03370658 40 078 23.07024274 40 0.3%  317[572,12.06

Jahouh etal (2021) (2 0.65 238675093 40 -0.03 1.98275566 40 237% 0.68[-0.28, 1.64]

Jahouh etal {2021) (3 -013 1.41023402 40 007 1.36590629 40 581%  -0.20[-0.81, 0.41]

Lee etal (2018) 17 24.01337128 10 205 2043213156 10 01% -3.50[-23.04,16.04] —
Qliveira et al (2021) -0.6 515004854 10 -0.42 3.82028766 71.2%  -0.18[4.45 4.09] T
Swinnen et al (2021) 0 241578145 23 1.3 343278113 22 72%  -1.30[3.04,0.44] ~

Yang (2021) 1246 395512326 44 528 388642767 4 81% AT [5.53 8.81] -
Zheng et al (2018) -278 1072452516 18 045 1417728183 200 0.3%  -3.23[11.18, 477 A
Total (95% CI) 225 223 100.0% 0.53 [0.06, 0.99]

Heterogeneity: Chi®= 74,43 df=7 (P = 0.00001); F= 91%

Test for overall effect 2= 221 (P=0.03)

Subgroup Analyses

Subgroup analyses of daily behavioral capacity and depression
scores were performed based on the country of intervention
(outside or within Europe) and the duration of intervention
(weeks). For daily behavioral capacity, significant differences
werefoundin the SMD between the 2 subgroups: within Europe
(P=.85) [43,46,47] and outside Europe (P<.001) [37,38,40].
SGs had a significant effect on the outcome in the
outside-Europe group (SMD 6.68, 95% Cl 5.08-8.28; P<.001),
as shown in Figure 8. For depression, significant differences
werefoundin the SMD between the 2 subgroups: within Europe
(P<.001) [43,47] and outside Europe (P=.02) [34,40]. SGs had
asignificant effect on the outcome in the within-Europe group
(SMD —-2.08, 95% Cl —2.94 to —1.22; P<.001), as shown in
Figure 9. Of the 6 (43%) studies, 4 (67%) [38,40,46,47] reported
a pooled effect of an intervention duration of >8 weeks (SMD
0.67, 95% CI 0.19-1.16; P=.007). For the remaining 2 (33%)
studies[37,43], the pooled effect within theintervention period

a0 -0 0 10 20
Favours [experimental] Favours [control]

was as follows: SMD -1.32, 95% Cl -3.05 to -0.42; P=.14.
The effects of SGs on daily behavioral capacity during the 2
periods of intervention were significantly different from those
in the CG (P<.001), as shown in Figure 10. For depression, no
significant differences were found in the SMD between the 2
groups after >8 weeks (P=.005) [40,47] or <8 weeks (P=.008)
[34,43], as shown in Figure 11. Among the 4 (29%) studies on
depression indicators [34,40,43,47], 2 (50%) [40,47] had a
combined effect in an intervention duration of >8 weeks (SMD
-2.57, 95% CI -4.00 to -1.13; P=.005). For 2 (50%) studies
[34,43] in which the intervention duration was <8 weeks, the
combined effect within the intervention period was as follows:
SMD -4.95, 95% Cl -7.84 to —2.07; P=.008. An intervention
period of 8 weeks or more had a significant effect on reducing
cognitive impairment in older adults (Figure 11). Compared to
with the CG, the effects of SGs on depression during the 2
periods of intervention were significantly different, and a
significant difference between the 2 groupswas found (P<.001),
asshownin Figure 11.

Figure 8. Forest graph showing subgroup analysis of daily behavioral capacity based on the country of the intervention.

Favours (experimental) Favors (control)

Study or Subgroup Mean SD Total Mean

2.1.1 European

Jahouh et al (20213 (1) 395 17.03370658 40 078 2307024274 40
Jahouh et al (20213 (2) -0.13  1.41023402 40 007  1.36590629 40
Jahouh etal (2021) (3 0.65 238675093 40 -0.03 1.98275566 40
Oliveira et al (2021 -06 515004854 10 -0.42 382025766 7
Swinnen et al (2021) 0 241578145 23 1.3 343278313 22
Subtotal (95% CI) 153 149
Heterogeneity: Chi*= 493, df=4 (P =024}, F=19%

Test for overall effect 2= 019 (P = 0.85)

2.1.2 outside European

Lee etal (2018) 17 2401337128 10 2008 20432131586 10
Yang (2021} 1246 395512326 44 529  3886427ETY 44
Zheng et al (2018) -278 1072452516 18 045 1417728183 20
Subtotal (95% CI) 72 74
Heterogeneity: Chi®=7.36, df=2 (F=0.03);, F=73%

Test for overall effect Z=8.18 (P = 0.000013

Total (95% CI) 225 223

Heterogeneity: Chi®=74.43, df=7 (P = 0.00001);, F=91%
Test for overall effect £=2.21 (P=0.03)
Test for subaroun differences: Chi®=62.13. df=1 (P = 0.00001). F=98.4%
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Figure 9. Forest graph showing subgroup analysis of depression based on the country of the intervention. CSDD: Cornell Scale for Depression in

Dementia; GDS: Geriatric Depression Scale.
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Figure 10. Forest graph showing subgroup analysis of daily behavioral capacity based on the duration of the intervention.
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Figure 11. Forest graph showing subgroup analysis of depression based on the duration of the intervention. GDS: Geriatric Depression Scale.
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Sensitivity Analysis

In the sensitivity analysis (Table 3), we excluded the study by
Yang et a [38] and observed a significant change in
heterogeneity from 91% to 0%. We hypothesized that the
outcome of daily behavioral capacity indicators may have been
the possible source of heterogeneity in this study. Additional
possible reasons included the inclusion of patients, specific

https://games.jmir.org/2024/1/e55785
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treatment modalities, and inconsistenciesin clinical indicators
between domestic and foreign countries. The patients included
and specific treatment modalities, as well as the clinical
indicators applied, in thisstudy wereasfollows: Yang et a [39],
Fujian (China), age 61-83 years; older adults with cognitive
impairment, participated in somatosensory interactive games,
and completed the MM SE and the ADL scale. All these different
factors were possible sources of heterogeneity.
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Table 3. Sensitivity analysisfor daily behavioral capacity indicators after excluding afew studies.

Zuo et al

Study excluded Tool used Heterogeneity analyses
¥2 (df) Pvalue 12 (%)

Jahouh et al [47] Barthel Index 74.09 (6) <.001 92
Jahouh et al [47] Katz Index 61.17 (6) <.001 90
Jahouh et al [47] Lawton and Brody Index 74.02 (6) <.001 92
Leeeta [37] K-MBI2 74.01 (6) <.001 92
Oliveiraet a [46] IADLP 74.07 (6) <.001 92
Swinnen et al [43] ADLC 69.67 (6) <.001 91
Yang et al [34] ADL 5.18 (6) 52 0
Zheng et al [40] ADL 73.31(6) <.001 92

3 -MBI: Korean version of the Modified Barthel Index.
BIADL: Instrumental Activities of Daily Living.
CADL: activities of daily living.

Publication Bias

We found that the funnel plots for the MMSE (Figure 12a),
MoCA (Figure 12b), daily behaviora capacity indicators (Figure
12c), and depression indicators (Figure 12d) were all

symmetrical, indicating the absence of publication bias. P>.05
indicated the absence of obvious publication bias. The Begg
test (P=.03) and Egger regression (P=.026) also indicated alack
of publication bias.

Figure 12. Funnel plotsfor (a8) MMSE, (b) MoCA, (c) daily behavioral capacity indicators, and (d) depression indicators. MM SE: Mini-Mental State

Examination; MoCA: Montreal Cognitive Assessment.
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Discussion

Principal Findings

This study systematically evaluated the efficacy of training
older adults with cognitive impairment using digital SGs,
drawing upon data from 14 studies with a total of 714
participants. Our findings revealed that digital SGssignificantly
alleviate depression and yield large improvements in cognitive
ability and daily behavioral capacity. This suggests that SGs
offer ahighly effective alternative for older adultswith cognitive
impairment. Dueto statistical heterogeneity, these results should
be interpreted with caution. In this study, sensitivity analysis
was used to explore the major sources of statistical heterogeneity
to determine the impact of a single study on overal risk. The
type of intervention (various digital SGs), sample size (range
17-112), intervention duration (range 4-12 weeks), weekly
intervention time (range 45-300 minutes/week), type of CG
(traditional Taijiquan group, routine health care group, music
group), cultural background, measurement tools, or other
confounding factors may have caused heterogeneity. To the
best of our knowledge, this is the first meta-analysis and
systematic review eval uating the effectiveness of the 3 outcome
indicators of serious gameplay in older adults with cognitive
impairment. In this study, SGs were found to significantly
increase cognitive ability and daily behavioral capacity and
decrease depression.

Previous studies have explored the effects of digital SGs on
cognitive ability [57], daily behaviora capacity [95], and
depressive emotion problems[96] in patientswith MCI or AD.
However, previous studies have reported inconsistent findings
regarding the effects of digital SG therapy on cognitive function
[21,60-62], daily behavioral capacity [52,63], and depression
[21,50,64-66] in older adultswith MCI or AD. This systematic
review included the recent literature (2017-2023) and examined
3 indicators of the effects of SGs on cognitive ability, daily
behavioral capacity, and depression among older adults with
MCI or AD. Consistent with previous findings, our results
indicated positive effects of SGs on MM SE [97] and CSDD
[50,98] scores and negative effects on depression on EDG-15,
EADG, and GDS scores. In addition, there was a significant
increase in cognitive ability (measured with MoCA) and daily
behavioral capacity (measured withthe ADL scale, theK-MBI,
the Instrumental Activities of Daily Living (IADL) scale, the
Katz Index, the Barthel Index, and the Lawton and Brody |ndex).
This systematic review is the first to simultaneoudly test the
effects of SGs on the 3 indicators of cognitive ability, daily
behavioral capacity, and depression. This systematic review
also divided the subgroup analysis of weeks and continental
plates, which was not available in previous systematic reviews.

SGsare defined as gamesthat are not for entertainment purposes
and are mainly used for prevention, education, diagnosis,
screening, and rehabilitation [99,100]. The word first appeared
in 1968 when Abt [101] named hisnew book on SGs. According
to Clark’s[101] proposed treatment, games can exist in avariety
of forms, including (1) exergames or video games that require
physical exercise as part of playing the games [38,39]; (2)
cognitive training games, which aim to maintain or improve
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users cognitive abilities (eg, executive function, memory,
learning) [34-37]; (3) computerized CBT games, which are
video gamesthat provide CBT to the users; and (4) biofeedback
games, which are video games that use electrical sensors
attached to the player to receive information about the player’'s
body state (eg, electrocardiogram sensors) and seek to influence
some of the player’s body functions (eg, heart rate). Special
care units (SCUs), also known as dementia care units, began to
appear in the United States in the 1980s for older adults with
dementia[102]. With an increase in the number of older adults
with dementia and the diversification of the demand for
dementia care in the market, these SCUs provide not only
servicesto older adultsin ingtitutions but also family counseling,
care support, and community therapy services to older adults
with MCI [103]. At the policy level, the United States also
launched the National Plan to Address Alzheimer’s Disease in
2012, with the goal of preventing and effectively treating AD
by 2025 [104]. The latest SG therapy has also had a positive
impact on easing the stress of dementia among older adultsin
US society [66]. However, the attention to older patients with
MCI and AD in the West is much earlier than in China
Model-based projection data put China's older adults with
dementia at 6.73-15.7 million in 2025; the number of older
adults with dementia will increase to 10.018-23.3754 million
in 2035 [105]. China's Circular on the Promotion of Dementia
Prevention and Treatment Action (2023-2025) [106] formally
focuses on groups such as older adultswith MCI and AD at the
national policy level. Ren et al [11] found that the 2015 annual
treatment cost of patients with AD in China was US $167.74
billion, with ever-rising treatment costs expected to reach US
$1.8trillion by 2050. Older carefacilities, social work stations,
and counseling services in China may use SGs to carry out
nonpharmacological treatmentsfor patientswith MCI and AD.
This will provide both physical and psychological health
improvements to older adults and at the same time reduce the
financial burden on China. In traditiona Chinese society,
positive family and social relationships contribute to physical
and mental health [107]. Due to the “Xiao Dao” culture, this
also constitutes a unique social security system for older adults
[108,109]. However, rapid industrialization and urbanization
have changed thesetraditional arrangements[110]. Today, older
adults are less likely to live with and interact with younger
generations, which has resulted in older adults being isolated
[111]. This has a direct impact on access to social care and
financial security and even affectsthe physical and mental health
of older adults [112]. SGs can provide opportunities for older
adults to interact with others [113] and reduce the negative
emotiona impact onthem [114]. In addition, the sports elements
included in SGs[115] can exercise older adults' cognitive ability
[67] and daily behavioral capacity [116] and may even promote
intergenerational relationships [117]. Our findings also show
that SGs can have a positive impact on cognitive ability and
daily behavioral capacity and decrease depression in older
adults. With this in mind, we suggest that nursing home
caregivers, socia workers, and psychologists consider using
SGsintheir work and collaborate with SG professionalsto bring
benefits to older adults with MCI or AD. Thiswill slow down
the cognitive loss in older adults with MCI or AD to a certain
extent.
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Strengths and Limitations

Compared with previous studies [90,118,119], this review is
the only oneto specifically evaluate the effects of SGs on older
adults and related types of games. Because the study was
conducted in strict accordance with PRISMA guidélines, it was
a high-quality, transparent review. Only RCTs were included;
thisisthe most rigorous method of studying causal relationships
[120,121]. Therefore, the conclusions of this review are more
credible. In this review, there was minimal publication bias.
We searched 12 worldwide databases and included research
from the United Kingdom, China, Belgium, the Netherlands,
Portugal, Spain, and Korea. We also performed forward and
backward checks of reference lists, and an all-around search
strategy was applied. We searched a database of gray literature
without restricting the search to a specific comparator,
population, setting, or country, which made the samples more
representative. Since al the processes (ie, data extraction,
research selection, evidence quality assessment, and bias risk
assessment) wereindependently conducted by 4 reviewers, there
was no risk of biasin thisreview. In addition, because we used
the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) method to evaluate the quality of
evidence, thisreview will enable readersto draw more accurate
conclusions. Where possible, our statisticsintegrate data, which
will increase not only the power of the research but also
estimates of the effects of digital SG therapy on cognitive ability,
daily behavioral capacity, and depression. Moreover, dueto the
large sample size, we performed a subgroup analysis and a
sensitivity analysis. In addition, this review used pre- and
postintervention outcome data from each group to evaluate the
effectiveness of each meta-analysis. All previous studies have
reported the SD and average overall cognitive changes pre- and
postintervention in each group. In addition, in these studies,
there were significant differencesin overall cognition between
groups at baseline.

The limitations of this study should also be considered. First,
dueto the design of the systematic review, acausal relationship
with aclear structure could not beinferred. Second, the outcome
indicators of anxiety (EADG scores) and quality of life
(Dementia Quality of Life (DQoL)) were also related to the
mental health of older adults with cognitive impairment.
However, with only 1 study reporting these findings, a
comparison could not be made, so we did not include these
indicators. Third, because of the limitations of the designs of
the included studies, the randomization and blinding methods
used were seldom described in detail. Only 11 studies described
the randomi zation method. In contrast, randomization was only
mentioned in other studies, but no explanation of the method
used was provided. Blinding was only implemented in 7 studies.
Fourth, since many potentially eligible studieswere pilot RCTs
or quasiexperiments published before 2017 or in languages
other than English, we excluded them. Asaresult, somerelated
research may have been missed. The reason for excluding these
studies is that the internal validity of pilot RCTs and
quasiexperiments is lower than that of RCTs [122,123]. In
addition, we were also unable to trandate all the non-English
research literature. In our previous review, we found some
studies published before 2017. However, serious progress has
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been made in the field of gaming in the past 7 years, so we did
not include RCTs published before 2017. Fifth, this review
focused on the short-term effects of SGs. This meta-analysis of
pre- and postintervention data did not include follow-up data.
We found that follow-up data were reported in only 4 studies,
and there was no consistency between the follow-up periods.
Therefore, it was impossible to evaluate the long-term effects
of SGs on the cognitive ability, mental health, and daily
behavioral capacity of older adults. The quality of the evidence
in our meta-analysis was average, which may have affected the
internal validity of the findings. Sixth, in this review, interest
intervention waslimited to SGsused astherapeutic interventions
on digital platforms, so it would not have been possible to
comment on and check the effectiveness of SGs and nondigital
SGs used for other purposes, such as monitoring, screening, or
diagnosis.

Resear ch and Practical Implications

Since the review concentrated on the effectiveness of SGsin
improving cognitive ability, daily behavioral capacity, and
depression among older adults with cognitive impairment,
researchers should evaluate the effectiveness of SGs by
performing further reviews of their positive effects on cognitive
abilities (eg, processing speed, executive function, learning,
memory, speed), daily behavioral capacity (eg, executive
function, capacity for reaction, upper limb activity), and mental
health (eg, anxiety, stress, sleep quality, quality of life) among
peoplein different age groups. We included some studies from
middle-income countries, so the generalizability of thefindings
of thisreview may belimited to these countries. Asthe cultural,
social, and economic conditions of middle-income countries
aredifferent, additional relevant research should be carried out.
To date, only afew studies have assessed the effectiveness of
SGs in improving cognitive ability. Therefore, additional
research is needed to help draw clearer conclusions about the
effectiveness of SGs. Due to the lack of follow-up data, the
long-term effects of SGs were not evaluated in this review. To
assess the long-term cognitive effects of SGs in a worldwide
context, researchers should follow up with participants. A few
studiesdid not report the SD or average global cognitive changes
in each group before and after the intervention. In the future,
relevant studies need to report this information to evaluate the
effect more accurately. Because most of the existing studies
have problems reporting results and choosing the randomi zation
process, 8 studieshad alow risk of overal bias. Therefore, when
developing and reporting on RCTS, researchers should use
recommended tools (eg, RoB-2[124]) and follow recommended
guidelines to avoid the aforementioned biases. Many studies
have examined the worldwide impact of digita SGs on the
cognition of healthy older adults [57], but this review revealed
that only 14 studies have investigated the effects of digital SGs
on older adults with cognitive impairment. We hope that
researchers can perform additional research in this area to fill
this gap.

According to the results of this review, SGs, especiadly digital
SGs, exhibit greater effectiveness than a lack of interventions.
Thesefindings have meaningful implicationsfor clinica practice
since the use of SGs can improve cognitive ability and daily
behavioral capacity and decrease depression in older adultswith
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cognitive impairment. However, these findings should be
interpreted with caution because the quality of the evidence is
low in most meta-analyses. Moreover, most of the studies
included in this review had some problems in terms of overall
bias. Except for 7 studies [34,39,41-43,45,47], in al the other
included studies, heterogeneity was high and the total effect
was not accurate enough. Therefore, before more strong
evidence is obtained, psychiatrists and psychologists should
consider SGs as a complement to existing interventions rather
than adirect subgtitute. In addition, the number of older persons
worldwidewill grow exponentially in the next few years, sowe
can try to use SGs to lighten the burden on the health care
system. We can use SGsto improvethe physical, psychological,
social, and motor functions of older persons with cognitive
impairment, thereby improving their quality of life [54,125].
Currently, many old people live alone and have limited social
interactions, which can often lead to increased morbidity and
mortality [126]. Older adults can play SGsin arelatively cozy
environment (ie, at home), thus promoting their connections
with friends and family [51]. In all the studies, the platforms
for SGswere mobile devices (tablets and smartphones). Mobile
devices are more popular than game consoles, cheaper than
computers, and easier to access; thus, they are particularly
popular. As of 2021, there were more than 7.1 billion mobile
device users and 15 billion mobile devices worldwide [127].
Game and app developers can work together to develop SGs
aimed at improving the mental health, daily behavior capacity,
and cognitive ability of older people. These SGs can be operated
and played using mobile devices. A survey of a small nhumber
of studies conducted in middle-income countries revealed that
these countries seem to prefer SGs more than high-income
countries do [128]. Middle-income countries lack many
psychological professionals (currently 1 for every 10 million
people). Therefore, more SGs should be developed in
middle-income countriesto improve the cognitive ability, mental
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health, and daily behavioral capacity of older persons in those
countries.

Conclusion

Overdll, SGs, particularly digital SGs, may be associated with
increased cognitive function and daily behavioral capacity, as
well as decreased depression, among ol der adultswith cognitive
impairment. However, we are still unable to draw definitive
conclusions on the safety and effectiveness of SGsinimproving
the cognition, behavioral capacity, and mental health of older
peoplewith cognitiveimpairment. Thisisdueto the poor quality
of existing meta-analysis evidence, which is mainly caused by
concerns about the bias of most studies, the accuracy of thetotal
effect, and the high degree of evidence heterogeneity. Therefore,
until more reliable evidence is obtained, psychiatrists,
psychologists, patients, and social workers should all regard
SGs as a complement to existing interventions rather than a
direct substitute. Before SGs are used, their effectiveness and
safety should befurther reviewed and evaluated, mainly interms
of improving daily behaviora capacity (eg, reaction ability,
executive function, upper limb activity) of people with or
without cognitive impairment in different age groups, cognitive
ability (eg, processing speed, executive function, learning,
memory), and mental health aspects (eg, stress, anxiety, sleep
quality, quality of life). Further research is needed to assess the
safety of SGs, the effects of sports games, and their long-term
effects. In the future, further research on methods for increasing
the motivation of participants, reducing therate of missing data,
and maintaining the effects of SGs is needed. Second, due to
study limitations, it was impossible to perform subgroup
analyses for intervention types. Consequently, in-depth and
stratified discussions and comparisons of different intervention
types were performed. In the coming years, it will be necessary
for researchers to perform higher-quality studies with larger
samples to verify the effectiveness of SG for older adults with
cognitive impairment.
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Abbreviations

AD: Alzheimer's disease

ADL: activitiesof daily living

CBT: cognitive behavioral therapy

CG: control group

CSDD: Cornell Scale for Depression in Dementia
DQoL: DementiaQuality of Life

EADG: Goldberg Anxiety and Depression Scale
EDG-15: 15-item Geriatric Depression Scale

GDS: Geriatric Depression Scale

IADL: Instrumental Activities of Daily Living
K-MBI: Korean version of the Modified Barthel Index
MCI: mild cognitive impairment

MMSE: Mini-Mental State Examination

MoCA: Montreal Cognitive Assessment

PICOS: Population, Intervention, Comparison, Outcomes, and Study Design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

SCU: specia care unit

SG: serious game

SGG: severe game group

SMD: standardized mean difference
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