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Abstract

Background: Cognitive impairment is a mental disorder that commonly affects elderly people. Serious games, which are games
that have a purpose other than entertainment, have been used as a nonpharmacological intervention for improving cognitive
abilities. The effectiveness and safety of serious games for improving cognitive abilities have been investigated by several
systematic reviews; however, they are limited by design and methodological weaknesses.

Objective: This study aims to assess the effectiveness and safety of serious games for improving cognitive abilities among
elderly people with cognitive impairment.

Methods: A systematic review of randomized controlled trials (RCTs) was conducted. The following 8 electronic databases
were searched: MEDLINE, Embase, CINAHL, PsycINFO, ACM Digital Library, IEEE Xplore, Scopus, and Google Scholar.
We also screened reference lists of the included studies and relevant reviews, as well as checked studies citing our included
studies. Two reviewers independently carried out the study selection, data extraction, risk of bias assessment, and quality of
evidence appraisal. We used a narrative and statistical approach, as appropriate, to synthesize the results of the included studies.

Results: Fifteen studies met the eligibility criteria among 466 citations retrieved. Of those, 14 RCTs were eventually included
in the meta-analysis. We found that, regardless of their type, serious games were more effective than no intervention (P=.04) and
conventional exercises (P=.002) for improving global cognition among elderly people with cognitive impairment. Further, a
subgroup analysis showed that cognitive training games were more effective than no intervention (P=.05) and conventional
exercises (P<.001) for improving global cognition among elderly people with cognitive impairment. Another subgroup analysis
demonstrated that exergames (a category of serious games that includes physical exercises) are as effective as no intervention
and conventional exercises (P=.38) for improving global cognition among elderly people with cognitive impairment. Although
some studies found adverse events from using serious games, the number of adverse events (ie, falls and exacerbations of
pre-existing arthritis symptoms) was comparable between the serious game and control groups.
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Conclusions: Serious games and specifically cognitive training games have the potential to improve global cognition among
elderly people with cognitive impairment. However, our findings remain inconclusive because the quality of evidence in all
meta-analyses was very low, mainly due to the risk of bias raised in the majority of the included studies, high heterogeneity of
the evidence, and imprecision of total effect sizes. Therefore, psychologists, psychiatrists, and patients should consider offering
serious games as a complement and not a substitute to existing interventions until further more robust evidence is available.
Further studies are needed to assess the effect of exergames, the safety of serious games, and their long-term effects.

(JMIR Serious Games 2022;10(1):e34592) doi: 10.2196/34592
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Introduction

Background
Societies globally are rapidly aging at unprecedented rates. The
United Nations projects that by 2050, 1 in 6 people in the world
will be over the age of 65 years [1]. The aging population
requires special care and attention due to the emergence of
several progressive complex health issues, including hearing
loss, vision impairments, physical ailments, noncommunicable
diseases (diabetes), and mental and cognitive disorders [2]. With
the growing size of the geriatric population, the World Health
Organization has recommended the prevention of cognitive
decline to be ranked as a global mental health priority [3].

Unfortunately, declining mental and cognitive abilities not only
affect people and their relatives but also burden health care
systems. Among the top chronic diseases causing the progressive
decline and deterioration of cognitive abilities are mild cognitive
impairment (MCI), Alzheimer disease (AD), and dementia.
Globally, it is estimated that the number of prevalent dementia
cases more than doubled (117%) between 1990 and 2016 [4].
Moreover, globally, it has been estimated that there are about
40 million people aged over 65 years who have dementia, and
AD affects about 70% of them [5]. Therefore, preventing and
managing age-related cognitive abilities and functions are
important public health issues.

Research suggests that cognitive symptoms experienced by
people with declining or deteriorating cognitive abilities are
often associated or even preceded by behavioral symptoms.
Therefore, treatments for improving cognitive functions and
abilities often cannot be separated from behavioral treatments
[6], and the treatments include pharmacological and
nonpharmacological interventions. If implemented effectively,
nonpharmacological interventions, such as lifestyle, good
nutrition, exercise, and serious games, can delay the onset of
dementia and cognitive decline [7-10]. Serious games are
defined as games that have a purpose other than entertainment,
such as education, prevention, screening, diagnosing, and
therapeutic rehabilitation [11-13]. With the ubiquity and
accessibility of technology and handheld devices, these serious
games have been integrated into personal computers, game
consoles (eg, Xbox), and, more recently, smartphones and tablets
[3]. This review focused on digital serious games that are used
as a therapeutic rehabilitation. Serious games exist in a variety
of formats based on the therapeutic modality, including (1)
cognitive training games that aim to maintain or improve users’

cognitive functions, such as working memory and attention; (2)
exergames, or video games that entail physical exercises (eg,
balance exercises) as part of the intended gameplay; (3)
computerized cognitive behavioral therapy (CBT) games, which
are video games that provide CBT for the users; and (4)
biofeedback games, which are video games that utilize electrical
sensors attached to the participant to receive information about
the participant’s body state (eg, electrocardiogram sensors) and
seek to influence some of the player body’s functions (eg, heart
rate). Previous systematic reviews have shown that serious
games have the potential to prevent or alleviate mental disorders
such as depression [14] and anxiety [15]. Further, the literature
suggests that serious games can be a good mental stimulant and
improve brain health through the use of memory, visualization,
and motor skills [16].

Research Gap and Aim
Numerous prior studies have investigated the effectiveness of
serious games for improving cognitive abilities. Aggregating
and summarizing the findings from these studies is crucial for
drawing conclusions about the effectiveness of serious games
for improving cognitive abilities. Several systematic reviews
have aggregated evidence from these studies; however, they are
undermined by certain shortcomings that limit the generalization
of the findings. Specifically, these reviews (1) focused on older
adults who did not have cognitive impairment [3,17,18]; (2)
included pilot randomized controlled trials (RCTs) and/or
quasiexperiments [18-20]; (3) conducted the search a long time
ago (5 years ago) [18,19]; (4) did not assess the quality of
evidence [3,18-20]; (5) did not assess the safety of serious games
[17-20]; or (6) only focused on specific types of serious games,
such as cognitive training games [3,19] and exergames [18,20].
To address the existing gaps in the literature, this review aims
to assess the effectiveness and safety of serious games for
improving cognitive abilities among elderly people with
cognitive impairment.

Methods

Overview
We conducted a systematic review and meta-analysis following
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Multimedia Appendix 1) [21].
The protocol for this review is registered at PROSPERO (ID:
CRD42021272757).
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Search Strategy

Search Sources
The following 8 bibliographic databases were searched in order
to retrieve studies that were relevant to this review: MEDLINE
(via Ovid), PsycInfo (via Ovid), Embase (via Ovid), CINAHL
(via EBSCO), IEEE Xplore, ACM Digital Library, Scopus, and
Google Scholar. The search was conducted on August 6, 2021,
by the first author (A Abd-alrazaq). In order to retrieve studies
that were added to the databases after that date, an automatic
alert was set up, and it ran its course for 12 weeks (ending on
November 5, 2021). Due to the large number of studies retrieved
on Google Scholar, only the first 10 pages (ie, 100 hits) were
considered, as they are automatically ordered based on their
relevance [22]. We applied backward reference list checking,
which involves the screening of reference lists of the included
studies and relevant reviews. Further, the studies that cited the
included studies were screened (forward reference list checking).

Search Terms
For developing the search query for this review, we consulted
2 experts in digital mental health and checked the search query
used in other systematic reviews within this field. The chosen
search terms related to the target population (eg, cognitive
impairment), target intervention (eg, serious games and
exergames), and target study design (eg, RCT and clinical trial).
Multimedia Appendix 2 summarizes the search query that was
used for searching each of the 8 databases.

Study Eligibility Criteria
Only RCTs that assessed the effectiveness of serious games for
improving cognitive abilities among elderly people with
cognitive impairment were included in this study. For the
purpose of this review, the target intervention was serious games
that are available on digital platforms, such as computers,
consoles (Xbox, PlayStation, etc), mobile phones, tablets,
handheld devices, Nintendo, and other computerized devices.
Further, gaming had to be an integral and primary component
of the intervention and used solely for the purpose of therapy.
Studies combining serious games with other interventions were
eligible if the control group received the same adjacent
intervention. Nondigital games and those used for other
purposes, such as monitoring, screening, diagnosis, and research,
were excluded.

The population of interest was elderly people (≥60 years) with
cognitive impairment/disorder (eg, MCI, AD, or dementia).
Their diagnosis had to be confirmed by examining the inclusion
criteria or baseline scores against standardized diagnostic criteria
(eg, Mini-Mental State Examination [MMSE] and Montreal
Cognitive Assessment [MoCA]). Studies about healthy elderly
people without cognitive impairment, health care providers,
and caregivers were excluded. No restrictions were applied
regarding gender and ethnicity.

The main outcome of interest in this review was global cognition
regardless of the tool used for measuring the outcome. Global
cognition is a general measure of all cognitive abilities such as
memory, language, learning, and attention. Although behavioral
outcomes relate to cognitive outcomes, behavioral outcomes

are out of the scope of this review. The secondary outcome of
interest was adverse events, which we used as an indicator of
the safety of serious games. Studies were excluded if they
assessed only cost effectiveness, acceptance, feasibility, and
satisfaction. This review focused on outcome data that were
measured immediately after the intervention rather than
follow-up data.

All types of RCTs (parallel, cluster, crossover, or factorial) were
included, but pilot or feasibility RCTs, quasiexperiments,
observational studies, and reviews were excluded. For practical
reasons, only those trials in the English language were eligible
for inclusion. Studies published from 2010 onwards were
included. Studies published as journal articles, conference
proceedings, and dissertations were included. Otherwise,
conference abstracts and posters, preprints, commentaries,
proposals, and editorials were all excluded. No restrictions
related to the country of publication, comparator, and study
settings were applied.

Study Selection
Relevant studies were identified in the following steps. To begin,
the obtained studies were imported into EndNote to identify
and delete duplicate items. Following the PRISMA guidelines,
the titles and abstracts of all retrieved studies were evaluated
in the second phase by 2 reviewers working independently. Two
reviewers independently evaluated the entire text of the studies
included in the previous step. Any disagreements were resolved
via discussion. The 2 reviewers were the first 2 authors of this
paper: A Abd-alrazaq and MA. The interrater agreement (Cohen
κ) in steps 2 and 3 were 0.84 and 0.89, respectively, indicating
a near-perfect level of interrater agreement [23].

Data Extraction
Data from the included papers were extracted by 2 reviewers
(A Abd-alrazaq and MA) independently using Microsoft Excel.
Multimedia Appendix 3 outlines the data extraction form used
to extract data from the included studies. Furthermore, we pilot
tested the form with 2 of the included studies. Disagreements
among the reviewers (A Abd-alrazaq and MA) were settled via
discussion. An interrater agreement of 0.88 was observed,
indicating a near-perfect degree of agreement. Contact was
made with the first and corresponding authors in an attempt to
retrieve metrics, such as mean, standard deviation, and sample
size, if they were unavailable from the published studies.

Risk of Bias Appraisal
Cochrane Collaboration recommends assessment of the risk of
bias by 2 independent reviewers using the Risk-of-Bias 2
(RoB-2) tool [24], and as such, these guidelines were followed
for this review. The RoB-2 tool appraises the risk of bias in the
following 5 domains in RCTs: randomization process, deviations
from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported result
[24]. The risk of bias judgments in these domains are used to
determine the overall risk of bias for each included study. Any
inconsistencies in decisions between the reviewers were solved
via consulting a third reviewer. There was near-perfect interrater
agreement between the reviewers (Cohen κ=0.81) [23].
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Data Synthesis
For the purpose of synthesizing the gathered data, a narrative
and statistical approach was employed. Texts and tables were
used to describe the features of the included studies
(demographic, intervention, comparator, and outcome measures)
in our narrative synthesis. The results of the experiments were
compiled and categorized based on the comparator as follows:
control, conventional exercises, conventional cognitive training,
and other serious games. A meta-analysis was conducted when
at least two studies of the same comparator submitted enough
data (ie, mean, standard deviation, and number of participants
in each intervention group). Meta-analyses were conducted
using Review Manager (RevMan 5.4). The standardized mean
difference (SMD) (Cohen d) was used to assess the overall effect
of each study, as the type of data for the outcome of interest
(global cognition) was continuous and the instruments used to
evaluate the outcome were diverse among the included trials.
Due to the high clinical heterogeneity between the
meta-analyzed studies in terms of serious game characteristics
(eg, its types, duration, frequency, and period), population
characteristics (eg, sample size, mean age, and health condition),
and outcome measures (ie, tools and follow-up period), the
random effects model was used for the analysis.

If we observed a statistically significant difference between
groups when a meta-analysis was conducted, we further sought
to examine if it was clinically significant. The term “minimal
clinically important difference” (MCID) refers to the smallest
change in a measured outcome that a patient would consider
worthwhile and significant enough to merit a change in
treatment. The MCID bounds were computed as ±0.5 times the
meta-analyzed studies’ SMD.

In order to examine the degree and statistical significance of

heterogeneity in the meta-analyzed studies, we calculated I2

and the chi-square P value, respectively. A chi-square P value
of .05 or less suggests heterogeneous meta-analyzed studies

[25]. When I2 ranged from 0% to 40%, 30% to 60%, 50% to
90%, and 75% to 100%, the degree of heterogeneity was judged

as insignificant, moderate, substantial, and considerable,
respectively [25].

In order to assess the overall quality of evidence resulting from
the meta-analyses, we used the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach
[26]. The GRADE approach appraises the quality of evidence
based on the following 5 domains: risk of bias, inconsistency
(ie, heterogeneity), indirectness, imprecision, and publication
bias [26]. Two reviewers assessed the overall quality of the
meta-analyzed evidence, and differences in decisions were
addressed by discussion. There was near-perfect interrater
agreement among the reviewers (Cohen κ=0.92) [23].

Results

Search Results
By searching the 7 electronic databases, 466 records were
retrieved (Figure 1). Of these records, 92 duplicates were
identified using the software EndNote and were excluded.
Checking titles and abstracts of the remaining articles led to the
exclusion of 255 records for the following reasons: (1)
participants were younger than 60 years and/or without cognitive
impairment (n=52); (2) interventions were not serious games
(n=56); (3) the outcome was not global cognition (n=25); (4)
the study design was not RCT (n=81); (5) studies were not
peer-reviewed articles, theses, or conference proceedings (n=24);
and (6) the articles were published in languages other than
English (n=17). Reading the full text of the remaining 119
publications led to the exclusion of 105 publications for the
following reasons: (1) participants were younger than 60 years
and/or without cognitive impairment (n=63); (2) interventions
were not serious games (n=15); (3) the outcome was not global
cognition (n=15); and (4) study design was not RCT (n=12).
One additional study was found through backward reference
list checking. In total, 15 RCTs were included in the current
review [27-41]. All studies were included in meta-analyses,
except 1 study [41].
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Figure 1. Flow chart of the study selection process.

Characteristics of the Included Reviews
The included studies were published between 2013 and 2021
(Table 1). The year in which the largest number of included
studies were published was 2020 (n=3). The included studies
were conducted in 13 different countries, and there was a general
equal distribution of studies in these countries. All included
studies were peer-reviewed journal articles, except for 1 book
chapter included. The trial type used in most included studies
was parallel RCT (n=13).

The sample size in the included studies ranged from 20 to 114,
with an average of 70.4. The mean age of participants reported
in 14 studies ranged between 67 and 84.2 years, with an average
of 75.2 years. The percentage of males reported in 14 studies
ranged from 23.5% to 70%, with an average of 44.5%. The
mean MMSE score for participants in the included studies varied
between 10.2 and 27. Participants in the included studies had
MCI (n=10), AD (n=2), dementia (n=1), MCI and dementia
(n=1), and neurocognitive disorders (n=1). Participants were
recruited from clinical settings in 13 studies and the community
in 2 studies.

Serious games alone were used as interventions in 13 of the
included studies, whereas the remaining 2 studies used serious
games combined with other interventions (Table 2). The
included studies used 19 different serious games. Some studies
used more than one game. Serious games used in the included
studies were grouped into the following 2 types based on the
therapeutic modality that they delivered: cognitive training
games (n=12) and exergames (n=3). Games were designed with
a “serious” purpose from the beginning (designed serious games)
in 14 studies. However, in the remaining study, games were not
designed as serious games from the start but rather were used
for a serious purpose (purpose-shifted games). The most
common platforms used for playing the games were computers
(n=8). Serious games were played under the supervision of
health care providers or caregivers in 9 studies, but were not
played under any supervision in 3 studies. In the remaining
studies, the serious games were both supervised as well as
unsupervised. The duration of the games in the included studies
ranged between 25 and 100 minutes, with a 30-minute duration
in one-third of the included studies (n=5). The frequency of
playing the games varied between 2 times a week and 5 times
a week, but it was 2 times a week in about half of the studies
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(n=8). The period of interventions ranged from 4 weeks to 25
weeks, but was less than 13 weeks in two-thirds of the studies
(n=10).

The comparison groups received passive interventions in 9
studies, whereas active interventions were received in 8 studies
(eg, conventional exercises and conventional cognitive activities)
(Table 3). Two studies delivered both active and passive
interventions as comparators. The duration of the active
comparators ranged between 25 and 100 minutes. The frequency

of the active comparators varied between 1 time a week and 7
times a week. The period of the active comparators varied
between 6 weeks and 25 weeks. The outcome of interest (ie,
global cognition) was measured using 7 different tools, but the
most common tool used by the included studies was the MMSE
(n=11). The outcome of interest was measured immediately
after the intervention in all included studies, and the longest
follow-up period was 24 weeks. Participant attrition was
reported in 14 studies and ranged from 0 to 28.

Table 1. Characteristics of the studies and population.

Setting
Health
condition

MMSEb

score
Sex
(male), %

Mean age
(years)

Sample
size, nRCTa typePublication typeCountryYearFirst author

ClinicalMCIc26.759.5%76.142ParallelJournal articleUnited King-
dom

2017Savulich [27]

ClinicalADd23.170%7120ParallelJournal articleSouth Korea2017Yang [28]

ClinicalMCI26.439%70.3114ParallelBook chapterGreece2014Tarnanas [29]

ClinicalAD22.936.3%76.480ParallelJournal articleItaly2016Cavallo [30]

ClinicalMCI, de-
mentia

10.224.2%83.133ParallelJournal articleChina2013Zhuang [31]

ClinicalMCI26.223.5%72.768ParallelJournal articleSouth Korea2020Thapa [32]

ClinicalMCI22.244%84.280ParallelJournal articleSpain2021Jahouh [33]

ClinicalCognitive
disorders

21.447.8%79.446ParallelJournal articleFrance2020Robert [34]

CommunityMCI2732%70.1100FactorialJournal articleAustralia2014Singh [35]

ClinicalDementia18.653.5%79112ClusterJournal articleNetherlands2020van Santen [36]

CommunityMCI22.932.6%81.561ParallelJournal articleTaiwan2021Liao [37]

ClinicalMCI24NRNRe44ParallelJournal articlePakistan2019Amjad [38]

ClinicalMCI2651.2%6780ParallelJournal articleSlovakia2015Hagovská [39]

ClinicalMCI26.451.2%6780ParallelJournal articleSlovakia2016Hagovská [40]

ClinicalMCINR58.1%75.696ParallelJournal articleUnited
States

2015Gooding [41]

aRCT: randomized controlled trial.
bMMSE: Mini-Mental State Examination.
cMCI: mild cognitive disorder.
dAD: Alzheimer disease.
eNR: not reported.

JMIR Serious Games 2022 | vol. 10 | iss. 1 | e34592 | p. 6https://games.jmir.org/2022/1/e34592
(page number not for citation purposes)

Abd-alrazaq et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Table 2. Characteristics of the interventions.

Period
(weeks)

Frequency
(times/week)

Dura-
tion
(min)

SupervisionPlatformSerious game typeSerious game nameInterventionFirst author

4260SupervisedTabletCognitive training
game

Game ShowSerious gamesSavulich [27]

12260UnsupervisedPCCognitive training
game

Brain-CareSerious gamesYang [28]

21290SupervisedVRa headsetCognitive training
game

Virtual Reality Muse-
um

Serious gamesTarnanas [29]

12330SupervisedPCCognitive training
game

BrainerSerious gamesCavallo [30]

24375SupervisedPCCognitive training
game

NRbSerious gamesZhuang [31]

83100SupervisedVR headset,
hand con-
trollers

Cognitive training
game

Juice making, Crow
Shooting, Love
house, Fireworks

Serious gamesThapa [32]

82-340-45SupervisedWii consoleExergameStep, NoddingSerious gamesJahouh [33]

12430UnsupervisedPC, tabletCognitive training
game

MeMoSerious gamesRobert [34]

25275SupervisedPCCognitive training
game

COGPACKSerious gamesSingh [35]

255NRUnsupervisedStationary
bike, screen

ExergameNRSerious gamesvan Santen [36]

12360SupervisedKinect, VR
headset

ExergameTano and LongGoodSerious gamesLiao [37]

6525-30SupervisedXbox con-
sole, Kinect

Cognitive training
game

Body and Brain Ex-
ercises

Serious gamesAmjad [38]

10230BothPCCognitive training
game

CogniPlusSerious games +
conventional exer-
cises

Hagovská [39]

10230BothPCCognitive training
game

CogniPlusSerious games +
conventional exer-
cises

Hagovská [40]

17260BothPCCognitive training
game

BrainFitnessSerious gameGooding [41]

aVR: virtual reality.
bNR: not reported.
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Table 3. Characteristics of comparators and outcomes.

Attrition, nFollow-up
Outcome mea-
sures

Period
(weeks)

Frequency
(times/week)

Duration
(min)ComparatorFirst author

0PostinterventionMMSEbN/AN/AN/AaControlSavulich [27]

0PostinterventionMMSE, CDRcN/AN/AN/AControlYang [28]

9PostinterventionMMSE21290Control, conventional cognitive
activities

Tarnanas [29]

4Postintervention, 24-
week follow-up

MMSE12330ControlCavallo [30]

10PostinterventionACE-RdN/AN/AN/AControlZhuang [31]

2PostinterventionMMSE8130-50ControlThapa [32]

NRfPostinterventionMMSE, GDSeN/AN/AN/AControlJahouh [33]

3Postintervention, 12-
week follow-up

MMSEN/AN/AN/AControlRobert [34]

14Postintervention, 74-
week follow-up

ADAS-Cogg2521: 75

2: 100

3: 60

1: Conventional exercises +
sham cognitive training

2: Serious games + convention-
al exercises

3: Control

Singh [35]

28Mid-intervention,
Postintervention

MMSE255N/AConventional exercisesvan Santen [36]

15PostinterventionMoCAh12360Conventional exercisesLiao [37]

6PostinterventionMMSE, MoCA6525-30Conventional exercisesAmjad [38]

2PostinterventionMMSE10730Conventional exercisesHagovská [39]

2PostinterventionACE10730Conventional exercisesHagovská [40]

22PostinterventionMMSE +

WAIS-Ri
17260Empirically validated serious

game, commercially available
serious game

Gooding [41]

aN/A: not applicable.
bMMSE: Mini-Mental State Examination.
cCDR: Clinical Dementia Rating Scale.
dACE-R: Addenbrooke Cognitive Examination-Revised.
eGDS: Global Deterioration Scale.
fNR: not reported.
gADAS-Cog: Alzheimer Disease Assessment Scale-Cognitive.
hMoCA: Montreal Cognitive Assessment.
iWAIS-R: Wechsler Adult Intelligence Scale-Revised.

Results of Risk of Bias Appraisal
Seven included studies generated an appropriate random
allocation sequence for the randomization process. In 4 studies,
the allocation sequence was concealed until participants were
assigned to interventions. There were no imbalances between
groups at baseline in 14 studies. Consequently, the risk of bias
due to the randomization process was rated as low in only 4 out
of 15 studies (Figure 2).

Participants and those who delivered the interventions were
aware of the assigned interventions during the trial in 13 and
14 studies, respectively. In all included studies, there was no
evidence that the experimental contexts led to a deviation from
the intended intervention. All 15 studies used appropriate

analysis methods (eg, intention-to-treat analysis) to estimate
the effect of the intervention. According to these judgments,
the risk of bias due to the deviations from the intended
interventions was low in 13 out of 15 studies (Figure 2).

Missing outcome data were less than 5% in 7 studies. In only
1 study, there was evidence that the findings were not biased
by missing outcome data. The missing outcome data could be
related to participants’ health status in 3 studies. Consequently,
11 studies were judged as having a low risk of bias in the
“missing outcome data” domain (Figure 2).

In all included studies, global cognition was assessed using
appropriate measures, and measurement methods were
comparable across intervention groups. The assessor of the
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outcome was blinded to the assigned interventions in 9 studies.
Assessment of the outcome may have been affected by
knowledge of the intervention received in 3 studies.
Accordingly, the risk of bias in the “measuring the outcome”
domain was rated as low in 13 studies (Figure 2).

Five studies published their protocol in sufficient detail. In all
studies, reported outcome measurements did not differ from
those specified in the analysis plan, and there was no evidence
that studies selected their results from the many results produced
from multiple eligible analyses of the data. Based on these
judgments, the risk of bias due to the selection of the reported
results was considered low in 5 studies (Figure 2).

In the last domain “overall bias,” the risk of bias was considered
high in 2 studies as they were judged as having a high risk of
bias in at least one domain. Twelve studies raised some concerns
in the domain of overall bias as they had some issues in at least
one of the domains and were not at high risk for any domain.
The remaining study was judged to be at low risk of bias for
the domain of overall bias given that it was rated to be at low
risk of bias for all domains. Reviewers’ judgments about each
“risk of bias” domain for each included study are presented in
Multimedia Appendix 4.

Figure 2. Review authors’ judgements about each “risk of bias” domain.

Results of Studies
In this review, serious games were compared with control
(no/passive interventions), conventional exercises, conventional
cognitive activities, and other serious games. Results of the
included studies are shown in the following subsections based
on these comparisons. Then, the results of the subgroup analysis
are shown. Lastly, the results of the included studies regarding
the safety of serious games have been reported.

Serious Games Versus No/Passive Interventions
The effect of serious games was compared with a control
(no/passive interventions) in 9 studies [27-35]. Passive
interventions refer to interventions that do not have a known
effect on the measured outcome, such as reading newspapers
articles, surfing the internet, and watching a documentary
program. While 6 studies did not find a statistically significant
difference in global cognition between the groups [30-35], the
3 remaining studies showed a statistically significant difference
in global cognition between the groups, favoring serious games
over no intervention [27-29].

The results of these 9 studies were included in the meta-analysis.
Two of these studies assessed global cognition using 2 different
measures (MMSE and Clinical Dementia Rating Scale [28],
and MMSE and Global Deterioration Scale [GDS] [33]).
Therefore, we included the results of all these measures in the
meta-analysis to form 11 comparisons (Figure 3). The
meta-analysis showed a statistically significant difference in
global cognition (P=.04) between the serious games and control
groups, favoring serious games over no/passive intervention
(SMD 0.29, 95% CI 0.01-0.56). This difference was also
clinically important as the overall effect was outside MCID
boundaries (−0.15 to 0.15) and its CI did not cross the “no
effect” line (zero effect). For this outcome, MCID boundaries
were calculated as ±0.5 times the SMD value (0.29). The
statistical heterogeneity of the evidence was substantial (P=.004,

I2=61%). The quality of the evidence was very low as it was
downgraded by 5 levels due to a high risk of bias, heterogeneity,
and imprecision (Multimedia Appendix 5).
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Figure 3. Forest plot of 9 studies (11 comparisons) comparing the effect of serious games to a control in terms of global cognition.

Serious Games Versus Conventional Exercises
The effect of serious games was compared with conventional
exercises in 6 studies [35-40]. While 3 studies did not find a
statistically significant difference in global cognition between
the groups [35-37], the 3 remaining studies showed a statistically
significant difference in global cognition between the groups,
favoring serious games over conventional exercises [38-40].

The results of these 6 studies were included in the meta-analysis.
One of these studies assessed global cognition using the
following 2 different measures: MMSE and MoCA [38].
Therefore, we included the results of the 2 measures in the
meta-analysis to form 7 comparisons (Figure 4). The

meta-analysis showed a statistically significant difference in
global cognition (P=.002) between the groups, favoring serious
games over conventional exercises (SMD 0.61, 95% CI
0.22-0.99). This difference was also clinically important as the
overall effect was outside MCID boundaries (−0.31 to 0.31)
and its CI did not cross the “no effect” line (zero effect). For
this outcome, MCID boundaries were calculated as ±0.5 times
the SMD value (0.61). The statistical heterogeneity of the

evidence was substantial (P=.001, I2=72%). Like the
meta-analysis seen in the previous section, the quality of this
evidence was very low as it was downgraded by 5 levels due
to a high risk of bias, heterogeneity, and imprecision
(Multimedia Appendix 5).

Figure 4. Forest plot of 5 studies (7 comparisons) comparing the effect of serious games to conventional exercises in terms of global cognition.

Serious Games Versus Other Interventions
One study compared the effect of serious games to conventional
cognitive activities in terms of global cognition among patients
with MCI [29]. The study found no statistically significant
difference between the groups in global cognition as measured
by the MMSE (P=.05) and GDS (P=.07) [29].

Gooding et al [41] compared the effect of a serious game
(serious game 1 that involves computerized cognitive training
[BrainFitness]) to another serious game (serious game 2 that
incorporates empirically validated motivational teaching and
rehabilitation techniques into computerized cognitive training)
and various commercially available computer games and puzzles
(ie, BrainAge, Sudoku, and crossword puzzles) [41]. The study
found a statistically significant difference in global cognition
between the groups, favoring serious game 1 and serious game
2 over commercially available computer games and puzzles.
However, there was no significant difference in global cognition

between the serious game 1 group and serious game 2 group
[41].

Subgroup Analysis
We conducted subgroup analyses to investigate whether different
types of serious games (ie, cognitive training games and
exergames) have a different effect on global cognition. A
subgroup analysis of 11 studies (14 comparisons) showed that
cognitive training games had a statistically significant effect on
global cognition compared to control (P=.05) and conventional
exercises (P<.001) (Figure 5). The overall effect of cognitive
training games on global cognition was statistically significant
(P<.001) compared with both control and conventional exercises
(SMD 0.54, 95% CI 0.24-0.83). This difference was also
clinically important as the overall effect was outside MCID
boundaries (−0.27 to 0.27) and its CI did not cross the “no
effect” line (zero effect). For this outcome, MCID boundaries
were calculated as ±0.5 times the SMD value (0.54). The
statistical heterogeneity of the evidence was substantial (P<.001,
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I2=71%). The quality of this evidence was very low as it was
downgraded by 5 levels due to a high risk of bias, heterogeneity,
and imprecision (Multimedia Appendix 5).

A subgroup analysis of 3 studies (4 comparisons) showed no
statistically significant difference (P=.38) in global cognition

between the exergame group and control or conventional
exercise group (SMD 0.10, 95% CI −0.12 to 0.32) (Figure 6).
The statistical heterogeneity of the evidence was a concern in

this analysis (P=.97, I2=0%). The quality of the evidence was
very low as it was downgraded by 4 levels due to a high risk of
bias and imprecision (Multimedia Appendix 5).

Figure 5. Forest plot of 10 studies (14 comparisons) comparing the effect of cognitive training games to control and conventional exercises in terms
of global cognition.

Figure 6. Forest plot of 3 studies (4 comparisons) comparing the effect of exergames to control and conventional exercises in terms of global cognition.

Safety of Serious Games
Five studies assessed the safety of serious games by checking
adverse events [34-38]. Of these, 2 studies did not find any
adverse events of the interventions during the study period
[37,38]. The 3 remaining studies spotted some adverse events,
but they were comparable between groups [34-36]. Specifically,
Fiatarone Singh et al [35] found 6 adverse events distributed as
follows: 3 events in the serious game plus conventional exercises
group, 1 event in the conventional exercises group, 0 events in
the serious game group, and 2 events in the control group. The
adverse events reported in this study were falls during
assessment (n=3) and exacerbations of pre-existing arthritis
symptoms (n=3). In the second study [36], the mean number of
falls was not statistically different between the exergame group
and control group after the intervention (1.2 vs 2.0) and after a
6-month follow-up (1.5 vs 1.5). The last study reported that

there was 1 adverse event during the study period, which
occurred in a participant from the serious game group [34].

Discussion

Principal Findings
This review investigated the effectiveness of serious games for
improving global cognition as reported by RCTs. Very
low–quality evidence from 9 RCTs (11 comparisons) and 6
RCTs (7 comparisons) showed that the effect of serious games
on global cognition was statistically significant in comparison
with no/passive interventions and conventional exercises. None
of the previous reviews examined the effect of all types of
serious games. Due to evidence paucity, no statistical analysis
was carried out to compare serious games to other types of
interventions (other serious games and conventional cognitive
activities).
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Additionally, very low–quality evidence from 11 RCTs (14
comparisons) showed that the effect of cognitive training games
on global cognition was statistically significant in comparison
with no/passive interventions, conventional exercises, and both.
Interestingly, the effect of serious games in comparison with
conventional exercises was higher than their effect in
comparison with no/passive interventions. Studies in both
meta-analyses were comparable in terms of population,
intervention, and outcome measures. This paradoxical finding
may be attributed to the fact that passive interventions used in
the included studies (reading newspapers articles, playing games,
solving puzzles, surfing the internet, and participating in
educational programs on general health care) improved global
cognition among participants, and thereby, the difference in
global cognition between the serious game group and passive
intervention group decreased. This is evident in Figure 3, where
studies that used passive interventions showed either a negative
effect size (which means that passive interventions had a higher
effect than serious games) [30,35] or a small positive effect size
(which indicates that passive interventions and serious games
have a comparable effect) [32] in comparison with studies that
used no interventions.

Our findings are in line with the findings of a previous review
that compared the effect of cognitive training games to passive
interventions, active interventions, and both in terms of global
cognition among old adults with MCI [19]. Specifically, a
meta-analysis of 10 RCTs (12 comparisons) in that review
showed a statistically significant difference in global cognition
between the groups, favoring cognitive training games over
passive interventions, active interventions, and both [19]. It is
worth mentioning that the review by Hill et al [19] is different
from the current review in several aspects: (1) the review by
Hill et al focused only on a specific type of serious games, which
is cognitive training games; (2) it included pilot RCTs and/or
quasiexperiments; (3) it did not assess the quality of evidence;
(4) it conducted the search a long time ago (5 years ago); and
(5) it did not assess the safety of serious games.

Very low–quality evidence from 3 RCTs (4 comparisons)
showed an insignificant effect of exergames on global cognition
in comparison with both control and conventional exercises.
Our findings are inconsistent with findings from a previous
review that compared the effect of exergames to both active
and passive interventions in terms of global cognition among
adults with and without health issues [18]. Specifically, a
meta-analysis of 17 RCTs in that review showed a statistically
significant difference (P<.001) in global cognition between the
groups, favoring exergames over both active and passive
interventions [18]. This inconsistency in findings can be
attributed to several factors: (1) participants had cognitive
impairment in only 2 of the 17 studies in that review [18]; (2)
the mean age of participants were less than 60 years in 3 studies
[18]; (3) the review included pilot RCTs and/or
quasiexperiments; (4) the review included a large number of
studies in the meta-analysis in comparison to the current review;
and (5) the quality of evidence in the current review was very
low.

According to 5 of the included studies, there was no significant
difference in the number of adverse events between groups,

indicating that serious games are safe. This finding was also
concluded by a previous review about the use of cognitive
training games for improving cognitive abilities among elderly
people without cognitive impairment [3].

Strengths and Limitations

Strengths
In comparison with previous reviews [3,17-20], the current
review is the only one that assessed the effectiveness of both
serious games and their types. Given that this review strictly
adhered to highly recommended guidelines for reporting
systematic reviews (ie, PRISMA), it can be deemed a transparent
and high-quality review. We included only RCTs as it is the
most rigorous research method for studying cause-effect
relationships [42]; therefore, this review’s conclusion is likely
more credible.

There is no concern about the risk of publication bias as the
authors sought to identify as many relevant studies as possible
by searching the most popular databases in the information
technology and health fields, searching grey literature databases,
conducting backward and forward reference list checking, and
using a well-developed search query.

Given that all processes (ie, study selection, data extraction,
risk of bias assessment, and quality of evidence evaluation)
were carried out by 2 reviewers independently, the risk of
selection bias is not a concern in this review. This review
enables the reader to draw more accurate conclusions given that
we appraised the quality of the evidence using the GRADE
approach. When possible, we synthesized data statistically, and
this improved the power of studies and increased the estimates
of the likely size of the effect of serious games on global
cognition.

Limitations
The effectiveness and safety of serious games delivered on
nondigital platforms and those used for other purposes (eg,
screening or diagnosis) cannot be commented on, because this
review excluded studies discussing these types of serious games.
This review focused on the effectiveness and safety of serious
games for promoting global cognition among elderly people
with cognitive impairment; thus, the effectiveness and safety
of serious games for improving specific cognitive abilities (eg,
memory, learning, and executive functions) or behavioral
outcomes (eg, apathy, depression, and agitation) among other
age groups without cognitive impairment cannot be commented
on.

We excluded numerous studies as they were quasiexperiments,
pilot RCTs, published before 2010, or written in non-English
languages. Therefore, it is likely that we missed some relevant
studies. We excluded these studies as quasiexperiments and
pilot RCTs have lower internal validity than RCTs [42]. Because
of practical constraints, it was not possible to translate all
non-English studies. We included studies published from 2010
onwards given that previous reviews found a few studies
published before 2010, and serious games have greatly advanced
in the last decade.
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This review focused on the short-term effect of serious games
by meta-analyzing only postintervention data rather than
follow-up data, because only 3 studies reported follow-up data
and the follow-up period was not consistent between studies.
Therefore, we cannot comment on the long-term effect of serious
games on global cognition. The quality of the evidence in all
meta-analyses was very low, and this may decrease the internal
validity of our findings.

This review used postintervention data for each group to assess
the effect size for each meta-analyzed study rather than the
pre-post intervention change for each group, and thereby, it is
likely that the effect size was overestimated or underestimated
in this review. We used postintervention outcome data because
the majority of studies did not report the mean and standard
deviation for the pre-post intervention change in global cognition
for each group, and there was no statistically significant
difference in global cognition at baseline between groups in all
studies.

Non-RCTs can be used to assess the safety of interventions,
such as serious games. However, such studies were not included
in this review. Thus, it is likely that we missed several studies
about the safety of serious games.

Research and Practical Implications

Research Implications
Given that this review focused on the effectiveness and safety
of serious games for improving global cognition among elderly
people with cognitive impairment, it is recommended that
researchers conduct further reviews to assess the effectiveness
and safety of serious games for improving specific cognitive
abilities (eg, executive function, processing speed, memory,
and learning) among people from different age groups with or
without cognitive impairment.

A few studies were carried out in developing countries, and as
such, the generalizability of this review’s findings to such
countries may be limited. More studies should be conducted in
developing countries, especially given the varying nature of
their cultures and socioeconomic conditions. A handful of
studies assessed the safety of using serious games for improving
cognitive abilities; thus, more studies will be helpful to draw
more definitive conclusions about the safety of serious games.

This review did not assess the long-term effect of serious games
given the lack of studies that reported follow-up data.
Researchers should follow-up with participants to assess the
long-term effect of serious games on global cognition. The
majority of the included studies did not report the mean and
standard deviation for the pre-post intervention change in global
cognition for each group. It is important that future studies report
this information to calculate more accurate effect sizes.

The overall risk of bias was low in only 1 study given that most
studies had issues mainly in the randomization process and
selection of the reported results. Accordingly, researchers should
follow recommended guidelines or tools (eg, RoB-2 [24]) when
conducting and reporting RCTs to avoid the above-mentioned
biases. Although many studies examined the effect of exergames
on global cognition among healthy older people [18], only 3

studies in this review examined their effect among older people
with cognitive impairment. We encourage researchers to bridge
this gap by conducting more studies about the effect of
exergames on global cognition among elderly people with
cognitive impairment.

Practical Implications
This review showed that serious games and specifically
cognitive training games are more effective than no intervention
and conventional exercises for improving global cognition,
whereas exergames are as effective as no intervention and
conventional exercises. However, these findings should be
interpreted carefully because the quality of evidence in all
meta-analyses was very low given that the majority of the
included studies were judged to have some concerns in overall
bias, the heterogeneity of the evidence was high in all
meta-analyses except 1, and the total effect sizes were imprecise.
Accordingly, psychologists and psychiatrists should consider
offering serious games as a complement and not as a substitute
to existing interventions until more robust evidence is available.

Still, the emerging evidence from this study presents promising
opportunities to leverage serious games to alleviate the burden
on health care systems due to exponential growth in the number
of elderly people worldwide in the years to come. Serious games
can allow elderly people with cognitive impairments to improve
their psychological, physiological, sensory/motor, and social
functions, thereby enjoying a higher quality of living [12].
Because many elderly people live in isolation and experience
a lack of social interactions, which in turn can contribute to
mortality and morbidity [43], serious games can promote social
bonding with family and friends by being played in a
comfortable environment (ie, homes) [44].

Mobile devices (smartphones and tablets) were used as the
platform for serious games in only 2 studies. Mobile devices
are particularly appealing as they are cheaper than computers
and more pervasive than gaming consoles. Mobile devices are
also more accessible than computers and gaming consoles. It
is estimated that there were about 15 billion mobile devices and
more than 7.1 billion mobile users worldwide in 2021 [45]. App
and game developers should collaborate to develop serious
games that target cognitive abilities and can be played via
mobile devices.

When examining the few studies conducted in developing
countries, it seems that there is more focus on implementing
serious games in developed countries despite the greater
shortage of mental health professionals in developing countries
(1 per 10,000,000 people [46]). Therefore, more serious games
should be developed in developing countries to improve
cognitive abilities among elderly people with cognitive
impairment.

Conclusion
Serious games and specifically cognitive training games have
the potential to improve global cognition among elderly people
with cognitive impairment. However, definitive conclusions
could not be drawn regarding the effectiveness and safety of
serious games for improving global cognition among elderly
people with cognitive impairment. This is because the quality
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of evidence in all meta-analyses was very low mainly due to
concerns raised about the bias in the majority of the included
studies, high heterogeneity of the evidence, and imprecision of
total effect sizes. Therefore, psychologists, psychiatrists, and
patients should consider serious games as a complement and
not as a substitute to existing interventions until further more
robust evidence is available. Further reviews are required to

assess the effectiveness and safety of serious games for
improving specific cognitive abilities (eg, executive function,
processing speed, memory, and learning) among people from
different age groups with or without cognitive impairment.
Additional studies are needed to assess the effect of exergames,
the safety of serious games, and their long-term effects.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[DOCX File , 23 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Search strategy.
[DOCX File , 28 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Data extraction form.
[DOCX File , 25 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Reviewers’ judgements about each “risk of bias” domain for each included study.
[DOCX File , 30 KB-Multimedia Appendix 4]

Multimedia Appendix 5
GRADE (Grading of Recommendations Assessment, Development, and Evaluation) profile for comparison of serious games to
control or conventional exercises for global cognition.
[DOCX File , 18 KB-Multimedia Appendix 5]

References

1. World Population Ageing: Highlights. United Nations. 2017. URL: https://www.un.org/en/development/desa/population/
publications/pdf/ageing/WPA2017_Highlights.pdf [accessed 2022-02-27]

2. Thakur R, Banerjee A, Nikumb V. Health problems among the elderly: a cross-sectional study. Ann Med Health Sci Res
2013 Jan;3(1):19-25 [FREE Full text] [doi: 10.4103/2141-9248.109466] [Medline: 23634324]

3. Bonnechère B, Langley C, Sahakian BJ. The use of commercial computerised cognitive games in older adults: a meta-analysis.
Sci Rep 2020 Sep 17;10(1):15276 [FREE Full text] [doi: 10.1038/s41598-020-72281-3] [Medline: 32943742]

4. Nichols E, Szoeke C, Vollset S, Abbasi N, Abd-Allah F, Abdela J, et al. Global, regional, and national burden of Alzheimer's
disease and other dementias, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. The Lancet
Neurology 2019 Jan 06;18(1):88-106 [FREE Full text] [doi: 10.1016/S1474-4422(18)30403-4]

5. Zucchella C, Sinforiani E, Tamburin S, Federico A, Mantovani E, Bernini S, et al. The Multidisciplinary Approach to
Alzheimer's Disease and Dementia. A Narrative Review of Non-Pharmacological Treatment. Front Neurol 2018;9:1058
[FREE Full text] [doi: 10.3389/fneur.2018.01058] [Medline: 30619031]

6. Abraha I, Rimland JM, Trotta FM, Dell'Aquila G, Cruz-Jentoft A, Petrovic M, et al. Systematic review of systematic reviews
of non-pharmacological interventions to treat behavioural disturbances in older patients with dementia. The SENATOR-OnTop
series. BMJ Open 2017 Mar 16;7(3):e012759 [FREE Full text] [doi: 10.1136/bmjopen-2016-012759] [Medline: 28302633]

7. Elwood P, Galante J, Pickering J, Palmer S, Bayer A, Ben-Shlomo Y, et al. Healthy lifestyles reduce the incidence of
chronic diseases and dementia: evidence from the Caerphilly cohort study. PLoS One 2013 Dec 9;8(12):e81877 [FREE
Full text] [doi: 10.1371/journal.pone.0081877] [Medline: 24349147]

8. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. Dementia prevention, intervention, and care:
2020 report of the Lancet Commission. The Lancet 2020 Aug 08;396(10248):413-446 [FREE Full text] [doi:
10.1016/S0140-6736(20)30367-6] [Medline: 32738937]

JMIR Serious Games 2022 | vol. 10 | iss. 1 | e34592 | p. 14https://games.jmir.org/2022/1/e34592
(page number not for citation purposes)

Abd-alrazaq et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=games_v10i1e34592_app1.docx&filename=38c44de08a47446824fd445c2d253780.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app1.docx&filename=38c44de08a47446824fd445c2d253780.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app2.docx&filename=4fc98af3bed6fa0650aa0dd4dd414168.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app2.docx&filename=4fc98af3bed6fa0650aa0dd4dd414168.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app3.docx&filename=885166df8f9223c625332a810ad04090.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app3.docx&filename=885166df8f9223c625332a810ad04090.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app4.docx&filename=ee452190c1b75b7f2ab5c52589ae472d.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app4.docx&filename=ee452190c1b75b7f2ab5c52589ae472d.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app5.docx&filename=67cb60fbf4c288a27f5332f706c88aa9.docx
https://jmir.org/api/download?alt_name=games_v10i1e34592_app5.docx&filename=67cb60fbf4c288a27f5332f706c88aa9.docx
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf
http://www.amhsr.org/article.asp?issn=2141-9248;year=2013;volume=3;issue=1;spage=19;epage=25;aulast=Thakur
http://dx.doi.org/10.4103/2141-9248.109466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23634324&dopt=Abstract
https://doi.org/10.1038/s41598-020-72281-3
http://dx.doi.org/10.1038/s41598-020-72281-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32943742&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=31339847
http://dx.doi.org/10.1016/S1474-4422(18)30403-4
https://doi.org/10.3389/fneur.2018.01058
http://dx.doi.org/10.3389/fneur.2018.01058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30619031&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28302633
http://dx.doi.org/10.1136/bmjopen-2016-012759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302633&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0081877
https://dx.plos.org/10.1371/journal.pone.0081877
http://dx.doi.org/10.1371/journal.pone.0081877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24349147&dopt=Abstract
http://europepmc.org/abstract/MED/32738937
http://dx.doi.org/10.1016/S0140-6736(20)30367-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32738937&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Maslen H, Faulmüller N, Savulescu J. Pharmacological cognitive enhancement-how neuroscientific research could advance
ethical debate. Front Syst Neurosci 2014;8:107 [FREE Full text] [doi: 10.3389/fnsys.2014.00107] [Medline: 24999320]

10. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, et al. Dementia prevention, intervention, and
care. The Lancet 2017 Dec;390(10113):2673-2734 [FREE Full text] [doi: 10.1016/S0140-6736(17)31363-6]

11. Charlier N, Zupancic N, Fieuws S, Denhaerynck K, Zaman B, Moons P. Serious games for improving knowledge and
self-management in young people with chronic conditions: a systematic review and meta-analysis. J Am Med Inform Assoc
2016 Jan;23(1):230-239 [FREE Full text] [doi: 10.1093/jamia/ocv100] [Medline: 26186934]

12. Wiemeyer J, Kliem A. Serious games in prevention and rehabilitation—a new panacea for elderly people? Eur Rev Aging
Phys Act 2011 Dec 08;9(1):41-50. [doi: 10.1007/s11556-011-0093-x]

13. Manera V, Ben-Sadoun G, Aalbers T, Agopyan H, Askenazy F, Benoit M, et al. Recommendations for the Use of Serious
Games in Neurodegenerative Disorders: 2016 Delphi Panel. Front Psychol 2017 Jul 25;8:1243 [FREE Full text] [doi:
10.3389/fpsyg.2017.01243] [Medline: 28790945]

14. Abd-Alrazaq A, Al-Jafar E, Alajlani M, Toro C, Alhuwail D, Ahmed A, et al. The Effectiveness of Serious Games for
Alleviating Depression: Systematic Review and Meta-analysis. JMIR Serious Games 2022 Jan 14;10(1):e32331 [FREE
Full text] [doi: 10.2196/32331] [Medline: 35029530]

15. Abd-Alrazaq A, Alajlani M, Alhuwail D, Schneider J, Akhu-Zaheya L, Ahmed A, et al. The Effectiveness of Serious Games
in Alleviating Anxiety: Systematic Review and Meta-analysis. JMIR Serious Games 2022 Feb 14;10(1):e29137 [FREE
Full text] [doi: 10.2196/29137] [Medline: 35156932]

16. Al-Thaqib A, Al-Sultan F, Al-Zahrani A, Al-Kahtani F, Al-Regaiey K, Iqbal M, et al. Brain Training Games Enhance
Cognitive Function in Healthy Subjects. Med Sci Monit Basic Res 2018 Apr 20;24:63-69 [FREE Full text] [doi:
10.12659/msmbr.909022] [Medline: 29674605]

17. Wang G, Zhao M, Yang F, Cheng LJ, Lau Y. Game-based brain training for improving cognitive function in
community-dwelling older adults: A systematic review and meta-regression. Arch Gerontol Geriatr 2021;92:104260 [FREE
Full text] [doi: 10.1016/j.archger.2020.104260] [Medline: 32980574]

18. Stanmore E, Stubbs B, Vancampfort D, de Bruin ED, Firth J. The effect of active video games on cognitive functioning in
clinical and non-clinical populations: A meta-analysis of randomized controlled trials. Neurosci Biobehav Rev 2017
Jul;78:34-43 [FREE Full text] [doi: 10.1016/j.neubiorev.2017.04.011] [Medline: 28442405]

19. Hill NTM, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, Lampit A. Computerized Cognitive Training in
Older Adults With Mild Cognitive Impairment or Dementia: A Systematic Review and Meta-Analysis. Am J Psychiatry
2017 Apr 01;174(4):329-340. [doi: 10.1176/appi.ajp.2016.16030360] [Medline: 27838936]

20. Zhao Y, Feng H, Wu X, Du Y, Yang X, Hu M, et al. Effectiveness of Exergaming in Improving Cognitive and Physical
Function in People With Mild Cognitive Impairment or Dementia: Systematic Review. JMIR Serious Games 2020 Jun
30;8(2):e16841 [FREE Full text] [doi: 10.2196/16841] [Medline: 32602841]

21. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ
2009 Jul 21;339(jul21 1):b2700-b2700 [FREE Full text] [doi: 10.1136/bmj.b2700] [Medline: 19622552]

22. Abd-Alrazaq AA, Alajlani M, Ali N, Denecke K, Bewick BM, Househ M. Perceptions and Opinions of Patients About
Mental Health Chatbots: Scoping Review. J Med Internet Res 2021 Jan 13;23(1):e17828 [FREE Full text] [doi:
10.2196/17828] [Medline: 33439133]

23. Landis JR, Koch GG. An Application of Hierarchical Kappa-type Statistics in the Assessment of Majority Agreement
among Multiple Observers. Biometrics 1977 Jun;33(2):363. [doi: 10.2307/2529786]

24. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for assessing risk of bias
in randomised trials. BMJ 2019 Aug 28;366:l4898. [doi: 10.1136/bmj.l4898] [Medline: 31462531]

25. Deeks J, Higgins J, Altman D. Analysing Data and Undertaking Meta-Analyses. In: Higgins J, Green S, editors. Cochrane
Handbook for Systematic Reviews of Interventions: Cochrane Book Series. Sussex, UK: John Wiley & Sons; 2008:243-296.

26. Schunemann H, Oxman A, Vist G, Higgins J, Deeks J, Glasziou P, et al. Interpreting Results and Drawing Conclusions.
In: Higgins J, Green S, editors. Cochrane Handbook for Systematic Reviews of Interventions: Cochrane Book Series.
Sussex, UK: John Wiley & Sons; 2008:359-387.

27. Savulich G, Piercy T, Fox C, Suckling J, Rowe JB, O'Brien JT, et al. Cognitive Training Using a Novel Memory Game on
an iPad in Patients with Amnestic Mild Cognitive Impairment (aMCI). Int J Neuropsychopharmacol 2017 Aug
01;20(8):624-633 [FREE Full text] [doi: 10.1093/ijnp/pyx040] [Medline: 28898959]

28. Yang Y, Kwak YT. Improvement of Cognitive Function after Computer-Based Cognitive Training in Early Stage of
Alzheimer's Dementia. Dement Neurocogn Disord 2017 Mar;16(1):7-11 [FREE Full text] [doi: 10.12779/dnd.2017.16.1.7]
[Medline: 30906364]

29. Tarnanas I, Tsolakis A, Tsolaki M. Assessing Virtual Reality Environments as Cognitive Stimulation Method for Patients
with MCI. In: Brooks A, Brahnam S, Jain L, editors. Technologies of Inclusive Well-Being. Studies in Computational
Intelligence, vol 536. Berlin, Heidelberg: Springer; 2014:39-74.

JMIR Serious Games 2022 | vol. 10 | iss. 1 | e34592 | p. 15https://games.jmir.org/2022/1/e34592
(page number not for citation purposes)

Abd-alrazaq et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://doi.org/10.3389/fnsys.2014.00107
http://dx.doi.org/10.3389/fnsys.2014.00107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24999320&dopt=Abstract
https://doi.org/10.1016/S0140-6736(17)31363-6
http://dx.doi.org/10.1016/S0140-6736(17)31363-6
http://europepmc.org/abstract/MED/26186934
http://dx.doi.org/10.1093/jamia/ocv100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26186934&dopt=Abstract
http://dx.doi.org/10.1007/s11556-011-0093-x
https://doi.org/10.3389/fpsyg.2017.01243
http://dx.doi.org/10.3389/fpsyg.2017.01243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28790945&dopt=Abstract
https://games.jmir.org/2022/1/e32331/
https://games.jmir.org/2022/1/e32331/
http://dx.doi.org/10.2196/32331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029530&dopt=Abstract
https://games.jmir.org/2022/1/e29137/
https://games.jmir.org/2022/1/e29137/
http://dx.doi.org/10.2196/29137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35156932&dopt=Abstract
https://basic.medscimonit.com/download/index/idArt/909022
http://dx.doi.org/10.12659/msmbr.909022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29674605&dopt=Abstract
https://doi.org/10.1016/j.archger.2020.104260
https://doi.org/10.1016/j.archger.2020.104260
http://dx.doi.org/10.1016/j.archger.2020.104260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32980574&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0149-7634(17)30129-X
http://dx.doi.org/10.1016/j.neubiorev.2017.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28442405&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.2016.16030360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27838936&dopt=Abstract
https://games.jmir.org/2020/2/e16841/
http://dx.doi.org/10.2196/16841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32602841&dopt=Abstract
http://europepmc.org/abstract/MED/19622552
http://dx.doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622552&dopt=Abstract
https://www.jmir.org/2021/1/e17828/
http://dx.doi.org/10.2196/17828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33439133&dopt=Abstract
http://dx.doi.org/10.2307/2529786
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
https://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyx040
http://dx.doi.org/10.1093/ijnp/pyx040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28898959&dopt=Abstract
http://europepmc.org/abstract/MED/30906364
http://dx.doi.org/10.12779/dnd.2017.16.1.7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30906364&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Cavallo M, Hunter EM, van der Hiele K, Angilletta C. Computerized Structured Cognitive Training in Patients Affected
by Early-Stage Alzheimer's Disease is Feasible and Effective: A Randomized Controlled Study. Arch Clin Neuropsychol
2016 Dec 01;31(8):868-876. [doi: 10.1093/arclin/acw072] [Medline: 27600448]

31. Zhuang J, Fang R, Feng X, Xu X, Liu L, Bai Q, et al. The impact of human-computer interaction-based comprehensive
training on the cognitive functions of cognitive impairment elderly individuals in a nursing home. J Alzheimers Dis
2013;36(2):245-251. [doi: 10.3233/JAD-130158] [Medline: 23587747]

32. Thapa N, Park HJ, Yang J, Son H, Jang M, Lee J, et al. The Effect of a Virtual Reality-Based Intervention Program on
Cognition in Older Adults with Mild Cognitive Impairment: A Randomized Control Trial. J Clin Med 2020 Apr 29;9(5):1283
[FREE Full text] [doi: 10.3390/jcm9051283] [Medline: 32365533]

33. Jahouh M, González-Bernal JJ, González-Santos J, Fernández-Lázaro D, Soto-Cámara R, Mielgo-Ayuso J. Impact of an
Intervention with Wii Video Games on the Autonomy of Activities of Daily Living and Psychological-Cognitive Components
in the Institutionalized Elderly. Int J Environ Res Public Health 2021 Feb 07;18(4):1570 [FREE Full text] [doi:
10.3390/ijerph18041570] [Medline: 33562249]

34. Robert P, Manera V, Derreumaux A, Ferrandez Y Montesino M, Leone E, Fabre R, et al. Efficacy of a Web App for
Cognitive Training (MeMo) Regarding Cognitive and Behavioral Performance in People With Neurocognitive Disorders:
Randomized Controlled Trial. J Med Internet Res 2020 Mar 11;22(3):e17167 [FREE Full text] [doi: 10.2196/17167]
[Medline: 32159519]

35. Fiatarone Singh MA, Gates N, Saigal N, Wilson GC, Meiklejohn J, Brodaty H, et al. The Study of Mental and Resistance
Training (SMART) study—resistance training and/or cognitive training in mild cognitive impairment: a randomized,
double-blind, double-sham controlled trial. J Am Med Dir Assoc 2014 Dec;15(12):873-880. [doi:
10.1016/j.jamda.2014.09.010] [Medline: 25444575]

36. van Santen J, Dröes RM, Twisk JWR, Blanson Henkemans OA, van Straten A, Meiland FJM. Effects of Exergaming on
Cognitive and Social Functioning of People with Dementia: A Randomized Controlled Trial. J Am Med Dir Assoc 2020
Dec;21(12):1958-1967.e5 [FREE Full text] [doi: 10.1016/j.jamda.2020.04.018] [Medline: 32651132]

37. Liao Y, Chen I, Hsu W, Tseng H, Wang R. Effect of exergaming versus combined exercise on cognitive function and brain
activation in frail older adults: A randomised controlled trial. Ann Phys Rehabil Med 2021 Sep;64(5):101492. [doi:
10.1016/j.rehab.2021.101492] [Medline: 33454398]

38. Amjad I, Toor H, Niazi IK, Pervaiz S, Jochumsen M, Shafique M, et al. Xbox 360 Kinect Cognitive Games Improve
Slowness, Complexity of EEG, and Cognitive Functions in Subjects with Mild Cognitive Impairment: A Randomized
Control Trial. Games Health J 2019 Apr;8(2):144-152. [doi: 10.1089/g4h.2018.0029] [Medline: 30239213]

39. Hagovská M, Olekszyová Z. Impact of the combination of cognitive and balance training on gait, fear and risk of falling
and quality of life in seniors with mild cognitive impairment. Geriatr Gerontol Int 2016 Sep;16(9):1043-1050. [doi:
10.1111/ggi.12593] [Medline: 26338465]

40. Hagovská M, Takáč P, Dzvoník O. Effect of a combining cognitive and balanced training on the cognitive, postural and
functional status of seniors with a mild cognitive deficit in a randomized, controlled trial. Eur J Phys Rehabil Med 2016
Feb;52(1):101-109 [FREE Full text] [Medline: 26325026]

41. Gooding AL, Choi J, Fiszdon JM, Wilkins K, Kirwin PD, van Dyck CH, et al. Comparing three methods of computerised
cognitive training for older adults with subclinical cognitive decline. Neuropsychol Rehabil 2016 Oct;26(5-6):810-821.
[doi: 10.1080/09602011.2015.1118389] [Medline: 26674122]

42. Bhattacherjee A. Social Science Research: Principles, Methods, and Practices. Scotts Valley, CA: CreateSpace; 2012.
43. Dobbins S, Hubbard E, Flentje A, Dawson-Rose C, Leutwyler H. Play provides social connection for older adults with

serious mental illness: A grounded theory analysis of a 10-week exergame intervention. Aging Ment Health 2020
Apr;24(4):596-603 [FREE Full text] [doi: 10.1080/13607863.2018.1544218] [Medline: 30586998]

44. Robert PH, König A, Amieva H, Andrieu S, Bremond F, Bullock R, et al. Recommendations for the use of Serious Games
in people with Alzheimer's Disease, related disorders and frailty. Front Aging Neurosci 2014 Mar;6:54 [FREE Full text]
[doi: 10.3389/fnagi.2014.00054] [Medline: 24715864]

45. Mobile Statistics Report, 2021-2025. The Radicati Group. URL: https://www.radicati.com/wp/wp-content/uploads/2021/
Mobile_Statistics_Report,_2021-2025_Executive_Summary.pdf [accessed 2022-02-27]

46. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-adjusted life years (DALYs) for
291 diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010.
The Lancet 2012 Dec 15;380(9859):2197-2223. [doi: 10.1016/S0140-6736(12)61689-4] [Medline: 23245608]

Abbreviations
AD: Alzheimer disease
CBT: cognitive behavioral therapy
GDS: Global Deterioration Scale
GRADE: Grading of Recommendations Assessment, Development, and Evaluation
MCI: mild cognitive impairment

JMIR Serious Games 2022 | vol. 10 | iss. 1 | e34592 | p. 16https://games.jmir.org/2022/1/e34592
(page number not for citation purposes)

Abd-alrazaq et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1093/arclin/acw072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27600448&dopt=Abstract
http://dx.doi.org/10.3233/JAD-130158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587747&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm9051283
http://dx.doi.org/10.3390/jcm9051283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32365533&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18041570
http://dx.doi.org/10.3390/ijerph18041570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33562249&dopt=Abstract
https://www.jmir.org/2020/3/e17167/
http://dx.doi.org/10.2196/17167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32159519&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2014.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25444575&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1525-8610(20)30348-0
http://dx.doi.org/10.1016/j.jamda.2020.04.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32651132&dopt=Abstract
http://dx.doi.org/10.1016/j.rehab.2021.101492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33454398&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2018.0029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30239213&dopt=Abstract
http://dx.doi.org/10.1111/ggi.12593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26338465&dopt=Abstract
http://www.minervamedica.it/index2.t?show=R33Y2016N01A0101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26325026&dopt=Abstract
http://dx.doi.org/10.1080/09602011.2015.1118389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26674122&dopt=Abstract
http://europepmc.org/abstract/MED/30586998
http://dx.doi.org/10.1080/13607863.2018.1544218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30586998&dopt=Abstract
https://doi.org/10.3389/fnagi.2014.00054
http://dx.doi.org/10.3389/fnagi.2014.00054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24715864&dopt=Abstract
https://www.radicati.com/wp/wp-content/uploads/2021/Mobile_Statistics_Report,_2021-2025_Executive_Summary.pdf
https://www.radicati.com/wp/wp-content/uploads/2021/Mobile_Statistics_Report,_2021-2025_Executive_Summary.pdf
http://dx.doi.org/10.1016/S0140-6736(12)61689-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23245608&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


MCID: minimal clinically important difference
MMSE: Mini-Mental State Examination
MoCA: Montreal Cognitive Assessment
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
RoB-2: Risk-of-Bias 2
SMD: standardized mean difference

Edited by N Zary; submitted 31.10.21; peer-reviewed by K Dhou, J Aardoom, P Robert; comments to author 15.12.21; revised version
received 25.12.21; accepted 30.12.21; published 10.03.22

Please cite as:
Abd-alrazaq A, Alajlani M, Alhuwail D, Toro CT, Giannicchi A, Ahmed A, Makhlouf A, Househ M
The Effectiveness and Safety of Serious Games for Improving Cognitive Abilities Among Elderly People With Cognitive Impairment:
Systematic Review and Meta-Analysis
JMIR Serious Games 2022;10(1):e34592
URL: https://games.jmir.org/2022/1/e34592
doi: 10.2196/34592
PMID:

©Alaa Abd-alrazaq, Mohannad Alajlani, Dari Alhuwail, Carla T Toro, Anna Giannicchi, Arfan Ahmed, Ahmed Makhlouf,
Mowafa Househ. Originally published in JMIR Serious Games (https://games.jmir.org), 10.03.2022. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Serious
Games, is properly cited. The complete bibliographic information, a link to the original publication on https://games.jmir.org, as
well as this copyright and license information must be included.

JMIR Serious Games 2022 | vol. 10 | iss. 1 | e34592 | p. 17https://games.jmir.org/2022/1/e34592
(page number not for citation purposes)

Abd-alrazaq et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://games.jmir.org/2022/1/e34592
http://dx.doi.org/10.2196/34592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

