®PLOS | one

Check for
updates

G OPEN ACCESS

Citation: VVazquez FL, Otero P, Garcia-Casal JA,
Blanco V, Torres AJ, Arrojo M (2018) Efficacy of
video game-based interventions for active aging. A
systematic literature review and meta-analysis.
PLoS ONE 13(12): e0208192. https://doi.org/
10.1371/journal.pone.0208192

Editor: Catherine Haighton, Northumbria
University, UNITED KINGDOM

Received: July 13,2018
Accepted: November 13,2018
Published: December 11,2018

Copyright: This is an open access article, free of all
copyright, and may be freely reproduced,
distributed, transmitted, modified, built upon, or
otherwise used by anyone for any lawful purpose.
The work is made available under the Creative
Commons CCO public domain dedication.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: This study was funded by Center for
Industrial Technological Development and the
European Regional Development Fund (Grant: EXP
-00091195/1TC-20161137 to FLV). The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

RESEARCH ARTICLE

Efficacy of video game-based interventions for
active aging. A systematic literature review
and meta-analysis

Fernando L. Vazquez ' *, Patricia Otero?, J. Antonio Garcia-Casal®, Vanessa Blanco®,
Angela J. Torres?, Manuel Arrojo®

1 Department of Clinical Psychology and Psychobiology, University of Santiago de Compostela, Santiago

de Compostela, Spain, 2 Department of Psychology, University of A Corufia, A Corufa, Spain, 3 Department
of Developmental and Educational Psychology, University of Santiago de Compostela, Santiago de
Compostela, Spain, 4 Department of Psychiatry, Radiology, Public Health, Nursing and Medicine, University
of Santiago de Compostela, Santiago de Compostela, Spain, 5 Department of Psychiatry, Instituto de
Investigacion Sanitaria (IDIS), Complejo Hospitalario Universitario de Santiago de Compostela, SERGAS,
Santiago de Compostela, Spain

* fernandolino.vazquez @usc.es

Abstract

Background

Due to the appeal and recent technological advances of video games, the games have
gained interest as an intervention tool for active aging. The aim of this systematic literature
review and meta-analysis was to determine the efficacy of video games for active aging and
to examine the influence of potential moderator variables.

Methods

A systematic search was done using the following databases: Medline, PsycINFO,
EMBASE, CINAHL and the Cochrane Central Register of Controlled Trials. In addition, pre-
vious reviews and meta-analyses were used to identify randomized controlled trials (RCT)
of video game-based interventions for active aging published through February 28, 2018.
An evaluation of the methodological quality of the articles and a meta-analysis and modera-
tor analysis was conducted.

Results

A total of 22 articles depicting 21 RCT with 1125 participants were included. The results indi-
cated that video game-based interventions produced positive effects on objectively mea-
sured physical health, negative affect and social health, with small effect sizes (d=0.41, d=
0.26 and d = 0.40, respectively). The magnitude of this effect was moderated by the pres-
ence of subclinical conditions of participants, the type of game (exergames), the presence
of physical activity, the type of prevention (indicated), non-blinded assignation, and older
age of participants. The methodological quality of the studies was acceptable, the weakest
area being external validity.
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Conclusion

These finding indicate that video game-based interventions may assist adults in leading
active aging processes and preventing secondary aging. Although more research is
needed, video game-based interventions are a promising and accessible tool for active
aging promotion.

Introduction

Europe is an aging society. According to Eurostat, people aged 50 or more currently represent
37% of the population, and population projections estimate that the number of people aged
over 60 will increase by about two million people per annum in the coming decades [1]. These
demographic changes compromise the sustainability of health care systems, with more health-
care resources needed to care for the aging population [2].

Therefore, it is essential to develop programs and interventions to foster active aging,
intending to preserve health during the aging process. In this context, active aging is defined as
the process of optimizing opportunities for health, participation and security to enhance qual-
ity of life as people age [3]. Because the aging process is composed of primary aging (i.e., innate
maturational processes) and secondary aging (i.e., effects of environment and disease) [4], psy-
chosocial interventions have the potential to prevent secondary aging.

To foster an active aging process, it is necessary to take a life course approach [3], espe-
cially because middle adulthood (established from 45 years of age according to the life cycle
theory [5]) is when the decline in functional capacity due to age is accentuated [6]. In addi-
tion, interventions need to focus on health promotion, disease prevention and equitable
access to health care because timely interventions are crucial for better results in age-related
conditions [7].

One way to make these interventions more accessible is through video games. A video
game is any game played on a digital device and encompasses a wide range of interfaces [8].
Exergames are video games that require physical activity when played. Serious video games are
games or programs with gaming features which differ from casual video games in their aim to
promote behavior change and/or educate for purposes such as health or learning, and might
also offer opportunities to increase the appeal of computerized therapies [9]. Serious video
games are rich, role-playing, story-based environments that aim to teach, train and change
knowledge, attitudes and behavior [10]. There is evidence indicating that video games are a
valuable tool for active aging promotion. Playing video games has been associated with an
increase in hippocampal grey matter in older adults [11], changes in brain structure and
improved aspects of cognitive functioning [12]. Furthermore, previous research has indicated
that video games improve adherence to treatment [13], foster vicarious learning through the
modelling of positive health behaviors [9], and promote behavioral change based on essay and
feedback [14].

Previous systematic literature reviews reported positive results of video game-based inter-
ventions for physical health and cognition in older adults [15, 16], but they only focused on
personal computers [15] or Nintendo Wii [16] video games. The only meta-analytic study in
older adults focused on cognitive function and found that video game training enhanced sev-
eral aspects of cognition including reaction time, attention, memory, and global cognition
[17]. However, all of these studies included only adults over 60 years-old and were non-ran-
domized controlled trials with the associated risk of bias.
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To the best of our knowledge, no previous systematic literature review or meta-analysis has
analyzed the efficacy of video game-based interventions for active aging through a life course
preventive perspective, despite the World Health Organization recommendations [3]. More-
over, none of them based their findings on randomized controlled trials (RCT), nor included
all kinds of video games or analyzed diverse health areas. The main aim of this meta-analysis
was to determine the efficacy of video game-based interventions for active aging from middle
adulthood (i.e., > 45 years-old) in RCT. The secondary aim was to identify the specific moder-
ating variables for the efficacy of the interventions.

Methods

This systematic literature review and meta-analysis was developed in adherence with the
guidelines by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [18] (see PRISMA checklist at S1 File). The protocol for this review was registered
in the International Prospective Register of Systematic Reviews (CRD42018086870) and ful-
filled the AMSTAR quality criteria for Systematic Reviews [19].

Search strategy

Studies published through February 28, 2018 were retrieved through systematic literature
searches in the databases of Medline, PsycINFO, EMBASE, CINAHL and the Cochrane Cen-
tral Register of Controlled Trials. The search terms were: (game* OR gami*) AND (serious OR
interactive OR computer OR video OR multimedia OR internet OR Wii OR online) AND
(health™ OR behav* OR wellbeing OR prevent* OR social OR exer* OR acti* OR edu* OR opti-
mal OR positive OR successful OR engagement OR habit* OR affect* OR mood OR emotion*
OR self-efficacy OR self-esteem OR nutrition OR diet OR food OR cognitive OR physical OR
mental) AND (adult” OR old* OR eld* OR geront* OR aged OR aging) AND (RCT OR
randomi* controlled trial). Further studies were included through hand search, tracking cited
references in other studies and relevant previous literature reviews.

Selection procedure

Studies identified in electronic searches, after exclusion of duplicates, were screened for rele-
vance based on titles, abstracts and keywords. Full texts of articles considered relevant were
obtained and fulfillment of inclusion and exclusion criteria was evaluated independently by
two reviewers. Any disagreement was discussed in a consensus meeting. If consensus was not
achieved, a third independent reviewer adopted a decision.

Studies were included if: (a) they were a RCT; (b) they assessed the efficacy of interventions
for active aging; (c) the intervention received by the experimental group (EG) was delivered
through a video game format; (d) the participants were healthy adults older than 44; (e) they
used at least one standardized outcome measure; (f) they reported at least pre-treatment and
post-treatment quantitative results that permitted computation of the effect size; and (g) were
written in English or Spanish language.

Studies were excluded if they: (a) were pilot, feasibility, preliminary or proof of concept
studies; (b) included mixed participants (e.g. young and older adults) without differentiating
the results of each group; (c) reported multimodal interventions, not being able to discriminate
which outcomes were associated with the video game intervention.
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Data extraction

Data of the selected studies were extracted independently by two reviewers using a standard-
ized data extraction protocol and coded based on a coding manual (S2 File) as suggested by
the Cochrane Handbook for Systematic Reviews of Interventions [20].

Data coding

Descriptive information extracted from selected studies (when available) was comprised of the
following: type of technology/device; name and type of video game (serious, casual, exergame);
participants’ demographic characteristics (sample size, age, gender, education, civil status,
socioeconomic status, urban or rural context and attrition); characteristics of the interventions
received by the experimental and control groups (format, duration, number of sessions, pres-
ence of professional, individual tailoring, dosage, time of outcome assessment, follow up); out-
come measures and findings.

For the purpose of this review, a video game was considered “serious” when it included
gaming features aimed to promote behavior change and/or improve health [9]; “casual” when
it was used in a leisure context with the sole aim of entertaining and without a specific aim of
improving health; and “exergame” if it required physical activity when played [21].

To select primary outcomes, we based on health and social services, behavioral, personal
and social determinant factors of active aging in an individual level according to the theoreti-
cal model of the World Health Organization [3]. In addition, we focused on health area of
action of active aging [22]. Health was defined as a state of complete physical, mental and
social wellbeing and not merely the absence of disease [23], and conceptualized as a three
domain concept including physical, mental and social health [24]. Therefore, the primary
outcomes were a change from baseline to post-treatment of physical, mental and social health
domains.

Physical health was divided into objective (e.g., motor functioning, cardiovascular function-
ing) and self-reported health measures. Mental health was divided into cognitive health and
emotional health, as recommended by Duncan and Barret [25]. Cognitive health included the
cognitive domains described by Strauss, Sherman and Spreen [26]: executive functioning
(working memory, inhibitory control, task switching/flexibility and reasoning/problem solv-
ing), visuospatial skills, immediate memory, delayed memory, language, attention and pro-
cessing speed. Emotional health included positive and negative affect, according to the
affective structure established by Watson, Clark and Tellegen [27]. Social health included the
capacity to fulfil one’s potential and obligations, the ability to manage life with some degree of
security and independence despite a medical condition, and the ability to participate in social
activities [24]. When the authors did not report a global measure of a particular domain, a
composite change score was calculated as a combined average of the mean change (and vari-
ance) across all outcomes reported for that specific domain, as suggested in previous meta-
analyses [28, 29].

To analyze the influence of the characteristics of the studies on the effect sizes, potential
moderating variables of participants, interventions, methods, context and extrinsic were coded
[30]. Note that the potential moderating variable “type of prevention” distinguished between
universal, selective, and indicated prevention, according to the US Institute of Medicine [31].
Universal prevention targets the general population; selective prevention targets segments of
the population with an increased risk of developing a disorder because they have been exposed
to risk factors; and indicated prevention targets people who have some symptoms of the disor-
der but do not yet meet the full diagnostic criteria. The moderator analysis was performed for
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a composite construct, combining the three health domains together (physical health, mental
health and social health). See S2 File for a comprehensive list of the moderating variables and
the outcome measures used to calculate the composite scores.

To assess the methodological quality of the included studies, we used Downs and Black’s
checklist [32], which assesses reporting, external and internal validity, bias, confounding vari-
ables and power, comprising a total of 27 items and a maximum score of 32. Risk of bias of the
selected studies was assessed using the instrument of the Cochrane Collaboration, which eval-
uates selection (random sequence generation and allocation concealment), performance,
detection, attrition, reporting and other bias [20]. Studies were considered of low risk if none
of the items were considered as high risk and not more than one item was coded as unclear or
not reported. If one or more items were considered as high risk, the risk of bias of the study
was considered high.

Inter-rater reliability of the data coding was evaluated using Cohen’s Kappa concordance
index. It was excellent for the moderating variables coding (Kappa = 0.89), moderate for
Downs and Black checklist (Kappa = 0.51) and substantial for Cochrane risk of bias assessment
(Kappa =0.78).

Data analysis

A meta-analysis was conducted with a fixed effect model if there was not heterogeneity (I <
50%) or random effect model if there was heterogeneity (I* > 50%) [33] through the Cochrane
Review Manager software RevMan 5.3. Publication bias was assessed with the Begg’s test.
Effect sizes for each meta-analysis were estimated as Standardized Mean Change Index (djz)
for within-group pre-posttreatment comparisons, and as Standardized Mean Index difference
(d) for between-group comparisons at posttreatment [34]. Effect sizes of 0.2 were considered
small, 0.5 medium and 0.8 large [35], and outliers were excluded. For those studies that
involved more than one experimental group (EG), the same control group (CG) was used for
the calculation of separate effect sizes (comparisons between experimental and control
groups). For studies reporting more than one CG, data for the control with the most neutral
activity (i.e., usual care if available) were selected for computing the effect size. Effect sizes of
follow-up assessments were not included in the meta-analysis because they were scarce (only
four studies conducted follow ups) and follow up times were not comparable (ranging from 4
to 48 weeks).

A meta-analysis of variance (meta-ANOVA) statistic for categorical variables and a meta-
regression analysis for quantitative variables (using IBM SPSS software, Version 21.0) was
used to examine the contribution of moderating variables to the variance.

Results
Study selection

A total of 661 articles were identified after removing duplicates. Of these, full texts of 44 articles
were assessed for inclusion (Fig 1). We requested additional data from authors of 12 studies, of
which 8 provided the additional data [36-43]. Twenty-two articles were excluded: two because
they were not RCT [42, 44]; one because the intervention was not delivered through a video
game format [45]; four because the participants were not healthy older adults [46-49]; four
because they did not use standardized outcome measures [50-53]; three because they did not
report the minimum data necessary to calculate the effect sizes and it could not be obtained
from the authors [54-56]; four because they were pilot, feasibility or proof of concept studies
[57-60]; and four because they reported on multimodal interventions and were not able to
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Identification

Records identified through

database searching
(n=959)

Screening

Additional records identified via
hand searching (reviews, meta-
analysis, reference list in articles)
(n=11)

Records after duplicates

removed
(n=661)

Records screened
(n=661)

Eligibility

Full-text articles assessed for
eligibility
(n=44)

Records excluded
(n=1617)

Included

Articles included in meta-analysis
(n =22 depicting 21 randomized
controlled trials)

Fig 1. PRISMA flow diagram.

Full text excluded and reasons
(n=22

-Not randomized controlled
trials =2

-Intervention video game
based = 1

-Participants not healthy = 4
-Non standardized outcome
measures = 4

-Quantitative data missing = 3
-Pilot, feasibility etc. = 4
-Multimodal interventions = 4

https://doi.org/10.1371/journal.pone.0208192.g001

discriminate which outcomes were associated to video games only [41, 61-63]. Two articles
reporting outcomes from the same RCT were combined into one study [36, 64]. Finally, 22
articles depicting 21 RCT (22 EG and 23 CG) were included. Their characteristics and findings

are presented in Table 1.

PLOS ONE | https://doi.org/10.1371/journal.pone.0208192 December 11,2018

6/24


https://doi.org/10.1371/journal.pone.0208192.g001
https://doi.org/10.1371/journal.pone.0208192

ive aging

Efficacy of video game-based interventions for act

‘PLOS | one

@)

(panutguop)
9 :anodoiq
/(I'TF 9°€1) :uoneanpy
(Ut O¢) SUOIssas 1 %€F9 1pURD / AD /
T=VDd T =VOM (SAD I-$44) PPV 240ESIN HHIN ¥T ‘2am 8:(0V) DO “Burydians pue Sururen aduefeq :(OV) DO (7L ¥) 8LL°98V [ $1:DD

1=:VD4 DO 107 - LNL
Ut + 2 OF 10] VOOW U +:VOM

*(V-LALL) Surssasoxd

Jo paads (D7) Arowaw Sunyrom (doong
‘g-LJALL) UOBOUN SABNOIXS ‘YOO OHIN

“(urw
0€) SUOISS3s FT ‘S4eam 8 :DF

“}93dse uoneurpI00d
100U SNOJUBI[NWILS © YHIM Y5} 2ARTUS0d
Surpuewap vonuane ue ssurquiod Jy ‘Sururen
Tearsdyd—aantugoo snosueymuus se uouep ;g

¢ anodoxq
/(8T F ¥'€T) :uoneanpy
/ %T€9 H9PUID / D /
(6's ¥) 87298y / 61:09

D s1oAej Suruonouny

sod-axg
‘saf :juasaxd [euorssajorg

9%9°€9 :19puaD)
/AD /(56 F) €L P8V

(SpuefIayIaN Ay}
‘wapreey ‘Ag Surwen
2AIS0J) SwLIofIe]d

[F£] 9102 “[e 32

renuoy-axd + :yHg ' = :YyOM *(ddds) 2a123(qo :Hd ‘uosxad uf *(¥) dnoiny / Tk = U :paziwiopuey IONVQ weidoird ‘OHxXg doue( Joeduy 19810quagsy
& anodoid / (17 ¥ 6°€1)
‘uonesnpy / %0°0S
1PUD / AD /(9%
“a1ed [ensn ((NIN) TOO F) 1'99 28V / 0 70
s anodoxq / (07 ¥ 0°ST)
‘uonesnpy / %0°s9
*(9) dnoxn -(uru gg) x1s jo sdnoxg 1epuad / A / (0%
SUOISSas [T ‘SYPaM T (DD UL Y99M (I8 SUOISS3s SUIMATA J1A0W :(QY) TDD ¥) 999 :38y /019D
$ modoiq
/(€T F ¥'¥1) :uoneonpg
*(¢) Buikerd snosueymnuurs ‘sowreSoapIa LRy 71 uowe /%00 :19pUaD / AD /
‘(urw 09) SUOISs3s €¢ ‘1 :OF asoyp Loy sowred oy pakerd syuedonred :og Ty F) ¥99:98v / 07 :0q s15U10 pur D ‘08usd
(LIALD) %19 :1opUID) ‘uewR S ‘Wooqey Juonnq 1831, e pue
Aroway {(doons % g LIA.L) Suruondung sod-a1q 'sax /dD [ (8'S F) 699 28y 1088011 ‘uerxeren s £of, srondwod [59] z661
*=:yDg 'sdnoid ¢ ay) 10§ = :yOM. 2ATINYAXY {(LINAS) paads Surssaso1d :DHIN guasaxd rauren ‘uosiad up /09 = U :pazrwopuey qnoxealq ‘HAD TX008 11y “Te 3o uewnsn(q
zanodo1d /(60 ¥ 6°S)
“(dynqrxop 3 Apqeriea uoneIMpy / %0°S
Pa91PaI) SUOHOUNJ JANNIIXS UO SPUBIUIP [EUWIUTU apuaD) / @D / (1'S F)
M sowed sandepe-uou mog :(DAV) DO 9'£9 38V /7S (LX) DO
0:modox /(20 ¥ 8°)
UONEINPT / %9'€9
*(UTW (og) SUOISsas Suryoyms moT ‘uonuaye pue Krowaw Sunjrom JepuaD) / D / (¥'S
09 ‘S¥PaM 7T :(ST) ZDF ‘Buruoseax :surewop 221y ur sawred U, ;7T 7) 629 98V / €€ 7O
1 anodoxd /(60 ¥ 6S)
‘Burgoms UOneINPY / %EFH9
‘(urw (g) SUOISsas juanbazy uonuaye pue ‘Arowaw Junjiom 2I9pUID) / D / (0°S
09 ‘SPaM 7T :(Sd) 1OF “Guruosea :surewop 221y} ut sowed ua T, :[HF F) 8°£9:38V / £S5 :1D9
“(paAeep LTAVY) Atowaw [eqrop "Nd M ¥ (13s0d)
* = :yDg sdnois ¢ ay) 10y {(V-LIALL DSA) paads Surssasord (L TAVYE SY99M 7T ‘S)PaM 9 ‘QuTaseq %¥°09 :TopuaID)
V-LIL % TOL Ul 1T 10] NJY ur ‘SN'T) Arowawr Sunjropm (IA “TOL “Aordrys ‘ou :juasad [euorssajorq /(6'8 F) 8°£9 38y wod owwASureIq mmm [£€] £10T “Te 3@
D0 R 1DF 10§ §-LINL U +:VOM | ‘Y ‘g-LINL) Suruonouny aannoaxg DHN WOy Je ‘[enplATpU] / 60T = U :pazrwopuey auwre aunuO "HAS asnowr / preoqay /Od | Samuamng
T=:vod
"D 10§ SSIUIATMIISSY UT + 'Y DM *STR)S 39 SSIUSATIISSE ‘UOIIFE T[-1dS ‘HS
£ :modoiq
“S{ULIP JOS PUE 230> /(€€ F 6°C1) :uoneonpg /
(Ut 0z1) Suraey pue ‘sysazajur 1oy pue Surde 0) pajefar M %S19 H1opUaD / D /
=yDE = VDM (uoneNUING T[-1dS) 199JV ANISOJ :HHIN | SUOISSAS ¢ ‘oam T1-01:0D |  $21do) [esouad Butssnostp sdnoiB y[e1 :(OV) DO | (6'S ¥) T'69 298V / €1:00
‘N4 18 paurejuTewr (preoqyreyd ‘sdoxpurer syun( aoeds ‘vonerdrur ¢ amodoiq
TII-SINM UO S35 "D SI0AR) “(1LADOY) ur350[ ‘quiod Aduour ‘yorew Lrowau ‘Arowaw ey |/ (1°S F ¢'CT) “uonesnpy /
TII-SIWM Ul + YD "DD 10§ LA00Y | - erxed [euononnsuod {(II1-SWM ‘LIDOY) “(urur 09) XLIBW UONEIOT XLIEW ATowDw ‘yoyew paads) | M %885 H9PUdD / D /
Ut + ‘O 10 [II-SINM UI + :'¥OM Arowaw {(JSOM) [0NUOD 2ANNIIXT DHIN SUOISSIS (7 “SHPam TT-0T *OF | Pa1d[as saweS oapia uonde-uou o1 (andepy) :07 | ('S F) 8'89 298V / L1 :04
‘N Quow ¢ 9sod-a1g %0709 1opuaD) aured 0apia
‘saf :juasaxd [euorssajorg 1AD /(8L F) 069 98y uonoe-uou aandepe preoqday [#9] ¥10T “Te 32
T=:yDg - =VOM *(310Jwod T1-1dS) partodai-Js :Hd ‘uosiad uj ‘Tenpiarpuy / OF = U :paziwiopuey “AysownT "DAS / Iojruowt Youl-17 / Dd S012)s3[[eg
swred
sSurpury JUIWNIISUT JUIWSSISSE 3@ W0IN0 Jo 9dAT, Jeuriog UOTJUIAIU ardureg 03pIA Jo adA ], @ dwreN ASoouyday, 1)/ Ioyny

*SIsA[eue-ejour 3Y) UI PAPN[OUI SIAPNIS Y} JO SINSLIdIORIRYD) [ A[qQe],

7/24

//doi.org/10.1371/journal.pone.0208192 December 11,2018

PLOS ONE | https


http://www.braingymmer.com
https://doi.org/10.1371/journal.pone.0208192

ive aging

Efficacy of video game-based interventions for act

‘PLOS | one

@)

(panunuo))
‘(sappsnux
[eurwopqe pue ‘sdadiq ‘Surnsurey ‘sdosripenb)
sdnoid apsnur a8re[ 10 sasvIaxa SuruaySuans % nodoxq
‘oN nuasaxd pue ‘sopsnw dnoig [ero1dad pue oppad /YN :uonesnpy
*=1yDg OF [BUOISSIJOIJ WOV 1Y *(Uru 1aad “sdaoripenb ‘Gurnsurey ay) 10§ sasIIIX 1 %8'TH :19pUID / AD /
10§ 9¢-4§ Ut yudwRAOIdWIT 1Y DM ‘9¢-dS ‘HS 0€) SUOISSaS O ‘HPIM 9:0D | Surytens Surpnppur ‘saspiaxa dueeq (OV) DO | (LF F) §'1£:8V / 97 :DD
‘suonenuis swred Surpmoq pue ‘qreq4afoa
9108 ‘SuInys ‘STuU) J[qe) ‘STUUS) [[eqI00J papNOUT 9 anodo1q
‘(uononsax '$9X JUASAIJ yorym ‘(surerdoxd omy uoseag syrodg Joaury /YN :uonesnpg

©=1yDg ‘DY 10J UOHOLISAT
UMOM ﬁmﬂomuoem 9¢-AS Ul + 'Y HM

01 [euonowry 9¢-S) 109xe dAanESIU
(PIesH RSN 9€-dS) 30a3ye aantsod :FHIN

Teuorssajolq "uosiad uf *(urur
0€) SUOISSAS (€ “SHPIM 9 ‘DT

pue ‘s110dg 199UDY ‘SAINMUAPY 109Uy ) SIUreZ0apIA
10oury Yim papiaoid axom syuedoned (g

/ %8°€Y :19pUID / @D /
(19F) €128y / $$ 09

969°LS 19pUAD) ALADT
"D $1048) 9¢-S UL + :¥OF "DF *(9¢-48) pariodai-jpas £(DN.1) Surwonouny /D /(901 F) 89 28y YoUI-9F pue d0suod [8¢] sT0C
10§ 9¢-1$ 33 DL ‘819G Ul + :yOM 10101 (810¢) 2douE[RY) 2A1122(q0 ‘Hd 1s0d-214 “[enpiarpuj /001 = U :pazIwopuey oxg oureS 10auny 09¢ XoqxY | “[e1d uryRIey
1 anodoiq
/ (IN) :uoneonpy
“(urur 09) “2WOY JE WaY) PANSIA OYM JANI9PURD / @D / (STT
SUOISSAS (] ‘SHPaM (T :DD) Jue)sISse Y2Ieasal € Yim A [, Surgarem :(OV) DO F) 08298V / 11:9D
0 amodoig
auwoy je / (IN) ‘uoneonpyg
‘O (ST-VION ~SYNVd) 1)y 2aneSoN “(urw Wwat) PaJISIA OYM JuelsIsse Yo1easal e M (Surmoq | /YN HIpUaD / D /
UL ST-VION 30] +:¥Dd " = :VOM (SST+SVNVd) 103358 211504 “THIN 09) SUOISSaS OT ‘SY2oM 0T *DF | LM 350D 2U0£1242) 210D T2y Jo awreS M DT | (8°2 F) 0°68 298V / 9T :0F
s0d-214 96988 “19pUID)
s94 ;yuasard [euorssapoig /A0 /(86 F) 0778 P8V [ov]T10Z “Te 32
(=g = VDM *(9¢-4S) parioda1-J12s ‘Hd ‘uos1ad ug pedq / 8T = u pazIwopuey M DX 2[0S0 A ysneqryey
0 amodoig
/(€F F ¥¥1) uoneonpyg
“(uTw 09-6¥) (spug A18uy pue ‘papmalag ‘stiag) 1 %€'9S :19pUAD / AD /
SUOISSIS GT ‘SHPaM G DD sowred sandwoo aandepe apzznd 221y, (DAY) DD | (€8 F) €89 :98Y /91 :0D
0 :modoiq
“(2mBrg-10q pue 1na] /(9°€ F 6'71) :uoneonpg
(Ut 09-6¥) -1aquinN “jseJ, uoneziogae)) Sururen Sunjiys ] %8'8S :IpUID) / 0D /
SUOISSIS GT SYaM G 1D 198 pazudndwod sa1y) Yim Jururen aandepy 197 | (£'9 F) 8'89 298V / L1 :04
“(uBsap oo[q) SIS ‘nd reak
*A[Uo saInseawr pazipIepue)s renedsonsiA (ST ‘aVydaD) Arowaur (DA 1 9sod-a14 "popaau uaym
-uou () * = 'yDHY ‘D) uI Arowaur “V-LIALL) Sutssacoxd jo paads {(gsq “poequ) [enprarput o (§) Surderd 069°LG “19pUID)
Tes180] 10§ + ¢ ur A1owaur [es130[ Arowawr Sunyrop {(LLID IS ‘qYd ‘uours snoaue)nuig ‘saf ;juasard 1aD /(901 F) 589 38y soure§ paugisap [0£] 10T “Te 12
pue qyyaD ‘doons 105 + :yHM «doong ‘g- LJALL) Suruonouny 2AnNd3Xg :DHN Teuorssajoq ‘uosiad up / €€ = U :pazrwopuey Aqresymads "HAS preoqday / D wQYUOID
0 modoxq
/ "4’N ‘uoneonpy
/%L°16 :1PPUID / D /
2183 [ens :(NIN) DO (#9%) L8298V / T1:90
0 anodoi
/N ‘uonesnpyg
"DD 01 paredwod Hy /%006 1opU2D / AD /
ut + :yDg 'sdnoid yoq 10j—yHM “(Buraqqam) 103V 2an1sod :THIN SINOY § SYPIM G IDT s aadng :og (8'€ ¥) §'9£ 28y /01 :0
‘0D 01 paredwod Hy ur S1oqurag 1s0d-a1q %006 “19pUID)
ur + :yHg O 10§ wb@:\‘ﬂm ur + .Aw‘_macy&mv ‘ou ;juasaxd [eUOISSJ0I] 1a0 /| (FLF)9LL 28y sIa, saNTadng AL [89] 2661
‘0D % HY 10] doong ur + :yHM 14 ‘(doong) uondunyg 2ANNIIXY :DHIN *2WOY 1y “[EnpIAIpU] / TT = u :paziwiopuey OPUdIUIN ‘DAD 0] PA2dUUO0I J[OSUOD) | “[& 13 UIISP[OD)

*(urw
09) SUOISSas 8T SYaaM 9 1))

‘uawom A[19p[d
Suowre uonuaaid [[ey 10y A[esyrdads padofaaap
awda1 351919X3 AdUR[Rq [EUOHIUIAUOD (V) DD

¢ qmodoiq
/N ‘uonesnpy
/%0°€9 *1pua2D / DY /
(8¢ ¥) ¥28 8V / 0€ 10D

“(urw
(9) SUOISSIS 8T ‘SY9oM 9 :DF

21qqng doueeq U ILL d[qeL
‘urpes] 19200 :preoq due[eq Ay} U0 sawed ¢ :HF

¢ modox
/AN uﬂomuauzﬁm—
1 9%0°L9 H19PUID / DY /
(€% F) €898y / 0¢ 04

‘DY s1oAe) Vdd U +:VDd
"DD pue DY 10J Vdd Ul +:'VOM

“((Vdd) s1 Ted) 2A1n22(qo :Hd

sod-a1g
‘saf :juasaxd [euorssajorg
‘uos1ad uf ‘fenprarpuy

9%0°S9 :19puaD)
/DU /(LS F) ¥eg @8y
/ 69 = U :pazrwopuey

pIeoq dueeq
M M SOPUANUIN "OXY

pieog aouefeq

[99]
ST10C “[e12 ng

s3urpury

JUSWINIISUT JUIWISSISSE 3¢ AUI03IN0 Jo AT,

Jeuriog

UOIUIAIU]

ardureg

swred
03pIA Jo adA ], 3¢ sureN

ASoouyday,

Ieax/ Ioymy

(ponunuoD) °I 3[qeL,

8/24

//doi.org/10.1371/journal.pone.0208192 December 11,2018

PLOS ONE | https


https://doi.org/10.1371/journal.pone.0208192

ive aging

Efficacy of video game-based interventions for act

‘PLOS | one

@)

(panunuo))
Z smodoiq
‘aamssaxd awn noyim afpagmouny /(7€ ¥ §'11) ‘uoneonpg
*(saynurea s puodsar oy syuedonaed ay syse yorym (Od /AN I9pUaD / D /
ST) SUOIssas 07 ‘SYam §:00 | 19]qes) awred Sururen zmb a8papmowy (DAY) D0 | (L€ F) 6'89 298V / ¥€ 100
0 modox
-31qrssod se Appmb se aziesof pue aeurwLSIP /(S°€ ¥ '21) suoneonpyg
=:YDM ‘DT 2y ‘I9NS-OHM ‘SINOJ) 12353 2ane3aN ‘(sonurw “Amuapr 99339p 03 syuedionred parmbaz jeyy JIN H9PUID / @D /
10§ (SWOJ) uotssardo ur + :yOM | (HIINS-OHM “+SINOd) 193378 2ANISOJ :HHIN | ST) SUOISSIS (T SHooM F DT sowre Sururexn sandepe paads Surssacoxd 71 :07 (L€ F) 16998V / ¥¢ :DF
‘O Y1 ME_kO\w&.« AE‘HV Lrowaw [eqiaa
mocuuw ur +:yHg "HD 10 T pue eIpawruat Amm ,Uwav MEHmwmuOun— Jo ﬁwvmw .uwoﬁuuhm %1°19 “Iopuan)
AS ‘SN Ut + "D 10§ JN'T pue SS (dSa ‘4sq) Lrowaw Sunpropm (WY ‘doons “Juasaxd Jou [euoissajoiq /Ad /(L€ 7) 689 28y soured pausisop [12] 910C
DSA A ‘ASA ‘ASWIN Ul +:VDM | IS ‘I4d) Suruonouny aannoaxq ‘GSIWIN :OHN WOy 1y ‘Tenplalpuy / 7L = u :paziwiopuey Aqreoyrads ‘DAS Od 2[qeL “[e 32 IyoNoON.
¢ modoiq
/(I'TF¥°€1) :uoneanpy
“(urw 1%0°0S *19pU2D / AD /
ST) SUOISSIS T ‘SdM § :DD) OPUAUIN £q SHIAL, (DAVY) DO ° (8TF) €698V / $1:00
¢ amodoig
‘uonje[nd[e) 3310 A jo uondadxa / (FTF ¥'€1) ;uoneonpy
*(uTw ay) iim saweS Sururer) g pasn s1aed sowred ] %T°LS H19pUaD) / D /
GT) SUOISS3S O “SP9M  :DF autu sey opuuIN 4q paystqnd a8y urerg :og | (1'7 F) 689 98y / €101
(e 7 ¥'€1) 'uoneonpy
0y ay3 Surioae) §§ pue DS *(SS “08d “LVD-Q) Suissadoid jo paadg 1sod-a1q / %9°€S HI9pUID)
‘A-LILL ‘gVd Ul +:vDg "D 10J §S (gsd 4sq) Arowdw Funjrom (g-LINL “Juasa1d Jou [euoIssajoIg /A /(€ F) 1'69 P8y (opud3uIN) ‘1S OPUANUIN [£9] T10T
PUE OSA ‘G-LNL ‘AVd Ul +:VOM | ‘gVd) Sutuonsuny aanndoxy GSININ :OHIN WOy Iy ‘[enpiAlpul / 8T = U :paziwiopuey a8y urexg "DAS 9[0Su0d J[qeII0q “Ie 3 IyanoN
1 anodoiq
/(TTF¥11) ‘uonesnpy
/AN HRPURD / aD /
"a1ed [ens() D0 (0°¢ ¥) §'€£ 338V / S1:0D
‘(uonelol [RIUdW) SIS [enedsonsip
"D Y} JO I0AR] U 153} UONR[[2OULD ¢(uostredwod I2qUINY ‘UONE[[2dUL]) 1 :modoicy
pue xue 157 ‘doong “08d “V-LALL) Sutssaooid jo paads ¢(sSurpeay ‘sowred [eqor3 /(8T F T'11) :uonesnpy
ul + 'y "OF 10J 153) UONE[[2IUED | UONIAIP ‘§S) A1owawr JunfIopm (XLIe ‘18T “(samurw pue aan1uSod A312ud DUe[Eq ¢ UI PIPIAIP UOISSIS /N H19pUdDy / (1D /
pue xte ‘187 ‘doong ur + :yom | ‘doong ‘g- [ALL) Suruonouny sAnNdXY :DHN | (09) SUOISSIS H7 ‘SHIM 7 ‘DF | UOISSIS Jd)Je UMOP-[00d pue a10jaq dn-wrepm :0g | (1'% F) §'¢£ 28V / §1:04
07 o) Surroaey
TOTOUNJ TR[NISLAOIPIED PUE 10O (o ZoTx
ur + :yHg 'HD aY) 10§ S10q ur + %¥'F8 :TopuaD) sawen srdwi4[Q uo wo 9/) uddIds [qerrod
*DF 9} 10J UOIOUNJ IB[NOSBAOIPIED *((8109) wontaxa ‘Buruonduny sod-a1q yuasaxd 1AD /('S F) §'¢L a8y J1U0G 33 OLIBJAl PUe 91 <10)23(01d [e1sh1) [82] z10T
PUE UONOIUNJ T0JOU UT + 'Y DM IR[NOSBAOIPIE)) pue I0JOJA)) 2A12(qO ‘Hd Teuorssajoxd ‘uoszad ur ‘pedq / T€ = U :pazrwiopuey M ‘s310dg A "DXT pmbry T S, 0pUSIUIN “Te 12 Jo[[re N
‘reroyduiad e se preog aduepeq M AN anodoiq
oy pasn syuedidnred “uonipuod (1) ssaunyierd /N ‘uonesnpy / %579
*(SINUIW ()9) SUOISSIS MO[ UI PIsT 2I9M g D[0SU0D JI T Ul ‘Burureny 1I2puaD) / A0 / (L8
9 $PIM 9 ((DAY) DD y8uans pue edof ‘sweidoxd Suturen omJ, :0) F)v01L:98Y /70D
“fyoedes synpe 1ap[o s)aaur Jey) [9A3] J[qeIIns & AN nodoxq
01125 219M SANNOLYIP dWIeS Ay} [V "UODIPUOD (dH) | /YN :UOHEINP / %095
*(saynurwa ssaurnyAerd ySry oy ut pasn a1am J[oo A pue JopuaD) / D / (6'8
09) SUOISS3s 9 ‘SYaM 9 :DF Surmog 1 :s110ds 1A\ woy sawredIoxs oM, :Og ) 0T'1£:98Y / 6709
“OH 23 SuL0AY Vd-SYNVd asod %T 65 1IPUID)
10§ + 1D "DD X OHF Ul 4SO *(6-OHd) 12253¢ 2ane3aN -314 uasaid reuorssajord /A /(L8F) 1L 38y [69]
‘Vd-SYNVd ‘6-OHd 0] +:VOM (4S9 ‘VA-SYNVd) 22V 2401504 :THIN ‘uoszad ut (9-) dnoin / 65 = U :pazIuIopuey spodg tm DX TIM S OpuauIN 910 “[e P 1T
0 smodoiq
(papraod uoneuriojur san1Ande /4N :uoneonpy /
(SAD) 19ayge 2AneSau :gHN A[uo) sypam g :0D Ppaseq-193uad Ajruntwwod 1oruas [eadA L ((OV) DD | N H9pudD / D F1 ‘DD
‘uoszad
PI[eA 10N VDT "DD 10F 1Yd ut ‘saf :yuasaxd reuorssajord 0 modox
ut + "D 10§ Jyd pue paAe[p 100U "I00Y ‘V-LAL “(UIur OF) SUOIssIs *S2}OU [RIISTIU £, [IM /N :uoneInpy /
‘doong @RV LIL Ul +:VOM ‘G-I ‘doons 1 Iud ‘4Sd ‘ASd OHWN $T ‘spam g (£) dnoany :ng | paziuoryouds yons e yim Indug -owes [edSNN :OF | YN HIPUD / D F1 O
= aon / (I's¥) €t 28y (ouren snjy) 3us pazruoyduAs [62]
1VOF "D % DF Ul §-18 10 + :VOM *(8-d5) partoda1-Jos :Hd asodaig / 8T = U :pazIwopuey Auourrey Jrews "HAD pue u2a108 ST0T “[e 12 Wy
swred
sSurpurg JUSWINIISUT JUIWSSISSE 3@ JUI05Ino Jo odA ], Jeurog UOTJUIAIU] ardureg 03pIA Jo adA ], 3¢ sureN ASoouyday, Iedx/ IoyIny

(ponunuoD) °I 3[qeL,

9/24

//doi.org/10.1371/journal.pone.0208192 December 11,2018

PLOS ONE | https


https://doi.org/10.1371/journal.pone.0208192

ive aging

Efficacy of video game-based interventions for act

‘PLOS | one

@)

(panunuo))

‘(samurw
G) SUOISSIS 8T “SHPoM F D)D)

D 2y} se 12[qe) Jo adA) aures ayy
ul (YDIBAS PIOM PUE ‘NYOPNG ‘PIOMSSOID) ABp oEd
sowred ajzznd uowrwon saxy) Surkerd :(DAY) DD

9 anodoiq
/N suonesnpy
1 %L'9S 1PpURD / AD /
(96 %) pzL @8V / 0€ 100

“(sanurw
GF) SUOISSIS T ‘SYooM F :DF

Suryoyms ysey Surssaood jo
paads “Liiqe Suruoseas feneds ‘Suruued ‘Guruosear
SATIONPUI 3SIDI9XA 0) paudisap syse) pagrwred £ 17

g modox
/AN uﬁomuauzﬁm—
/%L 95 HIpUID / AD /
(6% F) €L 98y / 0€ 09

"= 1yDg "DF 10§ 510D UL + [FOM

*(suostreduwod

wraneq) Suissasoxd jo paads {(g-LINL ‘NdI
Burpjoy 1aded ‘spreog wiog Suryomg ysey,
519§ 1919 “1S10D)) SUONOUN,] JANNIXY DHN

sod-axrg
Juasaid Jou [euoISsaJOI]
PuoY Y Tenplalpuf

9L'9S H19pULD)
/AD /(TS F) veL P8y
/09 = U :pazrwopuey

uoneordde
SIANUOL] PUTN "DAS

R[QEL 00LY
BIUOD] JDY YIUI O]

[e¥] L10T
“[e 19 s19pnog

"D $10A%) SH1-U0I] Pue 6-OHd Ut
—¥Dg "DD 10J 6-OHd WI—VOM

*(SHA-u0d] 6-OHd) 192 2aneSoU :THIN

*$21d0) pare[aI-yI[eay] SNOLIEA UO UOTRWLIOJUL
Paseq-adUdPIAd JNOQE 2INY201q :(OV) DD

1 anodoiq
/AN :uoneonpg
/%0°L9 H19PUSD / @D /
(02 %) 0'18 8V / TF 00

‘07 Sutioaey
AN PUE DL Ul +:VOg "DO 10J
LNV Ul + “DOF J0J N UF +:VOM

“(N) STIPYS Tenedsonsia (V- LINLL)
Surssaso1d jo paads {(INV) uonuany

(DL ‘G-LINL) SUOHIUNY 2ATNIXT DHIN

“(sanurw
07) SUOTSSas g ‘S2am 97 :DF

-31doad 1ap[o ur YsuI-[[ey Yam pajerdosse
suonouny aantudos Sunafrey ped days sruonsap
ue ojuo Surdda)s pakerd (stnag, pue Surddarg
-rex ], ‘eruejydayg <raddayg) sswed moj :og

g anodoig
/AN uonesnpy
/%099 :12pUaD / AD /
(02 F) 028 298V / 6€ 04

"D Surioaey 1Y-14SO I +
‘VOd O 0] LI-LYSD Ul + :'VOM

“((LY-LASD) st [[ed) 2A193(q0 *Hd

9sod-a1g
uasaid Jou [euoISSAJOI]
Puwoy )y Tenplarpug

%99 19pUdD)
/A /(0L 7) s'18 98y
/ 06 = U :pazrwopuey

wasAs Sururen
2ATIIRINU] "DHXY

22108
uoIs1Ad[a) “rayndurod
“ped days oruondarg

[sz] s10T
“[e 32 dUd0Ydg

“(samurw
0€) SUOISSAS HT SHPaM § D)D)

“20ue[eq 1197} SFUS[[RYD 0] SIIBINS J[QRISUN PUE
3[qels U0 $aSIOIIXd dTweudp pue d1je)s aannadar
pauriojrad syuedpnreg ‘Sururen adueeq :00

0 amodoig
/N uonesnpy
/N H32pURD / A0 /
(AN ) §'79 28V / 1 :DD

D s10Ae] 08-0N/0D Ul +
VD "D 10§ 08-0N/0D UL+ :YOM

(Buryrys

19§ “08-0N/0D) ‘UOnUANY PapIAI( ‘AIOWIN
Bunjiop) suonouny aannAXy :HHN

“(somurw
0€) SUOISSIS $7 ‘YoM § :DF

“UIIDS [BIUOT]
© U0 payuasaid sweS 09pIA & £ UIALIP SIUSWIAOW
£poq ajoym oy1oads pauriograd syuedionred
a1 arefd aansuas mssaxd e uQ “as11%d
Tea1s£yd paseq-awes 0apIA 2ANIRIANUI § (DT

T
anodox( NN uoneonpy
/AN H9PUID / dD
/(AN F) 0898V / €1:01

T=VOd T ='VOM

*((Boniséyg) en) 2an22(qo :Hd

sod
-a14 "yuasa1d [euoIssajoI ]
‘uosiad uf *(;) dnoiny

aon / (€L¥) TeL 8y
/ 6T = U :pazropuey

Jepiaip £q padojaasp
saureS 0apIA "OXF

UIAIDS [BJUOL] X
urojiefd aoue(y oedurp

[6€] 910T
“[e 39 umeyos

‘a1ed [ensn (NIN) DD

Z :modoiq
/YN ‘uonesnpy
/%808 H19pUAD / D /
(55 F) 58998y / 97 :00

“(smuru 09-0%)
SUOISSAs T SY29M (O] :DF

“INoY | 0 SAINUTW ()f, 10§
‘sfeazaur yym ‘(Surpueys 8a1-auo Surddoad uoopreq
Burpuess adonydn ‘opdde) sowred 1oy pakerd :0g

1 gnodoiq
/YN uoneanpg
/ %LS'8L HIIPUSD / AD /
(s ) 1'0£ 28V /87 01

RLEEL
Surtoar) 1531, yoeay] [euonOUN UI +
Y4 "DY 10§ 183 1Y) UL + :YOHM

*((3s3 L, pueIS AreyD 83T, Yoy [euonduny
B1og) uonouny 1010N) 2A193(qQ ‘Hd

sod-a14 Juasaxd
Teuoissajoid “uosad uj *;

9%9°6L 19PULD)
/A0 (7S ) €69 P8y
/ LS = U :pazrwopuey

saured aury ‘DX

T'F'€ UOISIoA
Ayup pue g1 uorsIaA
NS 13Uy pue Uy

[22]

810T “[e 12 035

*(9) dnoig *(saynurw
09) SUOISSas {1 SHIaM £ 10D

sideray [estsAyd e £q pasiazadns
syuedonied xis jo werfoxd Sururen-dnoid e ur
saspIaxa Adesay) [eorsdyd [euonuaauod :(QV) DD

¢ :modoiq
/N ‘uonesnpy
1 %9°T8 1pURD / AD /
(INF) §°99 98y / €200

*=1yDd ‘N4 e paurejurewr

‘[enpIAIpU] “(s3)nuTL

stderay resrsdyd sy woiy adudIpIAIUL
joyim Qured [oea je mumaw:m ATJ PIMO[[R 31oM
pue (Ysny 1ARY pue 3P XY SNLIT 000°07

¢ modoxg
/¥IN :uoneonpy
1 %T'S9 1PPUID / D /

sdnoig y10q 10} YDOW UI + :VOM VOO :DHI 09) SUOISSIS HT SHoaM £ ‘DT ‘dog aoedg) sowred moy paderd syuedonred o (IN F) 0'1£ 38V / €209
T=iybd nd e ‘nd %6'€L ~TOpUH
paurejurewr sdnoid yoq 10§ [SIN9 (((LMINY VDA syoaM 29 1s0d-a1g “yuasaxd 1AD/(£6F) €69 98y soureS saINJUAAPY AL .06 9[osuod [z] 8102
pue YO 9S9g-TUlN UT + 'YDOM LSHG-TUIAT) UoNdUny I0J0JA7) 2A13(q0 :HJ Teuorssajoid uosrad ug /06 = u :paziwiopuey 12uUny X0qX "OXH “I0SURS 123U XOqY “[e 32 o1raqRy
swred
sSurpurg JUSWINIISUT JUIWSSISSE 3@ JUI05Ino Jo odA ], Jeurog UOTJUIAIU] ardureg 03pIA Jo adA ], 3¢ sureN ASoouyday, Iedx/ IoyIny

(ponunuoD) °I 3[qeL,

10/24

//doi.org/10.1371/journal.pone.0208192 December 11,2018

PLOS ONE | https


https://doi.org/10.1371/journal.pone.0208192

Efficacy of video game-based interventions for active aging

100} 26+8020auod‘ewinal/L /€10 1/B10'10p//:sd1Y

"3[e05 ATOUISIA IATSY3 M ‘SINM ‘AT0juaau] 3utaq-[lo M 2a103(qng uoneziueSi0 YIesH PHIOM TINS-OHM ‘Stsd[eue dnoid unpirp :yHM 9591, Sun10g pIe)) UrsuodsTp
JLSDM QUIBD) 09PIA ‘DA ‘AOUIN[] [BQIA A 9[8OS SSAUI[QUOT BIUIOJ[ED) JO ANSIDATUN :ST-VIDN 989, 08 pue dn swil], :H) T, ‘UOPUOT JO JOMO], 1J0], 53], SUDJeIA [TeL], :LIA.L, owred oapia
SNOLIAG (D AS ‘premydeq pue premioj uedg eneds :dgs 959, yoIeas [0qUIAS IS[SY3 M :SS ‘A19)3eq 2OUBUILIONS ] [BIISAYJ 1I0YS YT, :gddS Oeds Suraqa p JO sUoIsuawi(J uonoun,j uononpod [eros
MTI-4dS ‘PeaH [B100S (HS A2AINng [I[esH (9¢) ULIO] 3I0YS YT, :9¢-JS ‘A9AING WI0J-1I0YS Wa)I-g APNIS SIW0INQ) [BIIPIIN 8-S AdUSN[ dNJUBWAS :JS 93], SANIEPOIN NI [OquIAS T JN S U],
uoTOeay 1Y ‘SIOLIIRIA dAISSIF0IJ S UaARY (N Y 159, 2131 Xo[dwo)) PatIINsQ-43y (1 IDOY 9Ted [eNUIPISAY DY 959, Surureda] [eqId A A1031pny £y I TAVY USWISSIssy J[1joId [edr3o[orsAyg
1y dd 959, S21e1s POOA JO AJoId :SINOJ 2areuuonsany) yifesH jusnied :QHJ Aouany] [esrdojouoyd :Jyd ‘eaH [eo1sAYd :Hd Teds 1097 2a11e3aN pue 2A1Is0J :SYNV ‘pa1rodar jou
NN ‘o1ed [ensn ‘dnoiS [01)W0d WONUIAIUT-UOU N ‘UOTILIOI [BJUIJN Al ‘TUEXS 3))S [EJUSW-TUT :JSINTN FUSUISSISSY SANTUZ0D) [BITUOIN :VDOIA IS, SWIdISAS uonjeneay souereq-Turiy IS99
-TUTIN ‘[euonowy [I[edH [BIUSIA :FHIN ‘uonrtuSo)) [I[es ] [eIUdIA :DHIA 991 195 191397 :1.ST ‘9[ed0S uonoeysnes oJ17 :SS7T Sunuanbag requunN 101397 19[SY29 M :SN'T $S91103s 2130 AT “a[edS Adeoryg
-J[2S [eIAUAL) SO 2[edS UoTssaIda(] JLBLIAN) :G(ID) JUIUWISSISSY JTeD) [eUONdUN,] [y D] TeuoneuIau] o[eds £oedouyq s[red :I-SHJ PIspaq e A19))eg JUaWSsassy [ejuor] gy Quedioxy :0xq «dnoin
reyuaurradxy 7 Jo1u0d 2AnNxXY DY ‘premrog ueds 3 1S Surpo) [oquikg 11 1BSYPI M DS premydeq ueds 381 :gS S[Se, UoNE[PIUR) JIFIJ LVD-{ QWED) 03PIA [eNseD) :HAD
9593 awm) uonoear Surddays 20101 Y- 1S ‘dnoid jonuo) :n) 953, 3ouBIPIU] Ire 21Ny I seasI( S IAWIAYZ[Y 10j A1SI3y © Ysi[qelsg 0} WnnIosuo)) :qyYdD Surpmp Arunururo))
@D 959, uonualay [ensiA uojuag :LJAJ ‘stsd[eue dnoid usamieg :yHg ‘dnoid jonuod aanoy :QV ‘sowreSoapia Sursn dnoid [013U0D 2ATIOY DAY $159] YIOM]AU [BUOTIUIE ([ NV O[S 90UapIU0))
soueleq dYAdS-SANIANIY DIV I59) Y[eM , SaINUTW XIS T, A9 (98ueyd jueoyrudis A[[eonsne)s ou := UONLIOIAP :- Juawasoidur :+) 600 > d 10§ parrodar sagueyo jueoygruSis J[e :a70N

0 amnodox

/N :uoneonpg
/ %¥°TS H19pUaD / D /

11/24

“Aqrep 00 “Ayanoe rearsdyd jo Arerp e1day :(OV) DO (€£F) 99238y / 700D
¢ modoxq
(dwnayg 1rewg pue sreys ayy proay ‘dod 2jqqng /YN :uoneanpy
‘(somurw ore) oyddy) saweS aouereq patofre) pauisap / %S°L8 H1PpUdD / D /

0€) SUOISSas (T ‘Syoam G :DHF

-Wo)sNd IN0J YIim Sururen adue[eq paInionDs ;g

(99 %) TLL 8V [ 0% :DF

U22108 ‘QuIely

@ PLOS | o

s0d 047", “19pUID) Towry, ‘wiropjed
‘D SIOARJ M UT + :yDg ‘DF -a14 uasaxd [euorssajorq /AD /(86 F) 69,38y 20BJIAIUI X3 ATEMIOS ureoj punoxms [9] sT0T
10J M pue DV ‘SIog Ut + :yOM (M DGV B12g) dueeq) 2A122(q0 ‘Hd ‘uosiad uj ‘fenprarpug / ¥8 = U :pazruopuey apew-wolsny) “HXg ‘pIeoq adue[eq A “Ie 32 Nedym
0 modoxg
/YN ‘uoneonpy
“sowred / %9°SS :12pWRD / AD /
AN TOO preoq pakerd pue uoISIAI) PAYANEM ((OV) TOD | (0'8 F) 8'TL 8V / 6:7OD
0 smodoiq
“adue[Rq dTUrRUAp pue pasopd saks pue uado /N :uonesnpy
“(saynuru 09) saka yam aduereq dnels Aqrxay ‘uondadorrdord 1 %£°99 :19puany / AD /
SUOISS3s () ‘SY2am 0 :1DD | “YSuans remosnuwr do[padp 03 s3sp1ax2 :(OV) 19D | (1I'8 F) TH8 28V /619D
0 modox
“1ax[em adonysn /YN :uonesnpy
“(sanurw pue syeq sured Gurnys [ryumop eSos Gurdwmn( oys / %9°'SS IpUAD) / 4D
09) SUOISS3s () ‘S2am (7 :DF | 192208 Jurpeay se yons soweS 09p1a OpuAUIN O | /(9°8 F) T7L 98V / 604
790 M pareduwos
D SI0A€] IIAULL, UT + "DF
m paredwos 190 s10aey mauy, s0d %66 “19pUID)/
ut +:yDHY 7D 0] MAUL, Ut -21q "yuasaid [euorssajorq an /(g1 %) s @8y sawred le2] L10C
—1D0 X DF 10§ MAULL Ul + :YOM “((maurL) aoueleq) 2a112(qo :Hd ‘uoszad uf ‘enprarpuy / 9€ = U :pazIwopuey 03pIA OPUUIN DX TIM S OpUAIUIN “[e 32 aono,
awred
sSurpurg JUSWINIISUT JUIWSSISSE 3@ JUI05Ino Jo 3dAJ, Jeurog UOTJUIAIU] ardureg 03pIA Jo adA ], 3¢ sureN ASoouyday, Iedx/ IoyIny

(panunuoD) "T3[qeL

PLOS ONE | https://doi.org/10.1371/journal.pone.0208192 December 11,2018



https://doi.org/10.1371/journal.pone.0208192.t001
https://doi.org/10.1371/journal.pone.0208192

®PLOS | one

Efficacy of video game-based interventions for active aging

Descriptive characteristics of the studies

The 21 studies comprised a total sample of 1125 participants, with a mean of 53.57 (Standard
Deviation (SD) = 30.13) participants per study. The mean age of the participants was 73.28
years (SD = 4.99), with means ranging from 66.50 (SD = 5.80) years [65] to 82.35 years

(SD =30.13) [66]. When gender was reported, the percentage of women ranged from 53.6%
[67] to 90.0% [64] (Mean (M) = 63.41; SD = 17.63). In addition, the participants had 13.21
mean years (SD = 1.15) of education, and urban provenance [68]. None of the studies provided
information about the civil status or the socioeconomic characteristics. Although all the studies
included healthy older adults, three of them included participants with sub-clinical conditions
such as subthreshold depression [69] or reduced mobility [38, 66].

The aims of the interventions were diverse and mainly focused on mental and physical
health. Almost half (47.6%) of the studies were focused on improving mental health or pre-
venting cognitive deterioration, 19.2% on improving physical functions and 33.3% were multi-
domain, targeting physical and mental health. None of the studies focused on social health;
however, two studies assessed social-health related outcomes [38, 64]. The majority (85.7%) of
the studies assessed interventions considered as universal prevention programs, and 14.3%
were indicated prevention programs [38, 66, 69]. Only five (23.8%) of the interventions were
designed based on a theoretical model; specifically, the cognitive psychology theoretical mod-
els [67, 70-73].

Regarding the interface of the game, 38.1% of the interventions used movement to register
the players’ performance (Wii or Kinect technology); 23.8% used manual devices (buttons,
keyboards, gamepad or console) [37, 64, 65, 68, 70]; 23.8% used a digital carpet or balance
board [39, 66, 74-76]; and 14.3% used a touchscreen [43, 67, 71]. A minority (28.6%) of the
interventions used serious video games (brain training interventions) [37, 43, 64, 65, 67, 71],
57.1% used exergames [38-40, 66, 69, 72-78] and 14.3% used casual video games [65, 68, 79].

The video game-based interventions ranged from 6 to 60 sessions (M = 23.60; SD = 12.56),
occurring from 4 up to 20 weeks (M = 8.48; SD = 4.18). When reported, the duration of
the exact video game playing time per session ranged from 15 to 30 minutes (M = 20.00;

SD =7.07) [39, 67, 71, 72]. The total dosage of treatment received varied between 25 [68] and
1,980 [65] hours (M = 935.83; SD = 512.24). Only the 19.0% of the interventions were tailored
to the sociodemographic characteristics of the participants (age and gender) [43, 69, 74-76],
and 28.6% were tailored to their performance level (e.g., reaction time, level of difficulty) [39,
67,71, 73, 78]; one intervention was tailored to both [37]. None of the programs were tailored
to the health needs of the participants. The majority (71.4%) of the interventions were deliv-
ered face to face (e.g., [65, 69, 77]), while 28.6% were self-administered at home [37, 43, 67, 68,
71, 75].

The 57.1% of the interventions were delivered in individual format, 19.0% in a group for-
mat [39, 69, 74, 79], 9.5% in dyads with a partner [40, 78], and 9.5% were individual but simul-
taneously played in the same room as other participants [65, 70].

A professional was present in 81.0% of the interventions, but in 28.6% of cases only during
the participants’ training [37, 39, 43, 67, 71, 75]; this information was not available in 14.3%
of the studies [64, 70, 79], and in one the intervention was completely self-administered [68].
The type of professional who delivered the intervention was a researcher in 33.3% of studies,
and a health professional in 28.6%; 19.0% of studies did not specify the type of professional
[37,67, 71, 73]. Only one study [37] stated that the professionals had been trained, and 47.6%
of the studies trained the participants before starting the intervention [37, 39, 43, 64, 65, 67,
70-72, 75], through training sessions ranging from 15 to 60 minutes long (M = 43.38;

SD = 16.86).
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Most of the interventions (61.9%) were delivered in controlled settings, such as research or
health care facilities (e.g., [64, 69, 76]), 28.6% were delivered at the participants’ homes [40, 43,
67, 68,71, 75], 4.7% were delivered at a care home [66] and 4.7% at a social care facility [39].

Methodological characteristics of the studies

Twelve (57.1%) studies specified their randomization method: 10 through computer software
[37, 39, 64, 66, 67, 69, 71, 72, 74, 75], one with a random number table [77], and one with a
number extraction method [38]. The participants were blind to their assigned condition
(experimental or control) in 28.6% of the studies [37, 64, 67, 71, 72, 74], and the assessment
was conducted by blind researchers in the 23.8% [37, 66, 71, 72, 75].

Regarding control conditions, 19.0% of the studies had a usual care CG [65, 68, 77, 78], and
of the 17 studies (81.0%) that had an active CG, 28.6% received a video game intervention [37,
43,67, 69-71]. The 42.9% of studies were based on a research protocol [37, 43, 64, 67, 71, 72,
74, 75], but none of them used a manualized intervention.

Most studies (81.0%) evaluated the participants only at the end of the intervention. Follow-
up assessments were infrequent and mostly brief. Only 19.0% of the studies conducted a follow
up assessment: 9.5% of them at four weeks [37, 72], 4.7% at 12 weeks [64], and 4.7% at 48
weeks [70]. Longer term benefits were evident in one study [72], partially present in another
study [64], and not maintained in one study [37]. Additionally, in one study, the follow up
assessment was only conducted with non-standardized measures [70]. Attrition was assessed
in all studies, and ranged from 0% in five (23.8%) [65, 68, 70, 73, 79] to 25% in one [64], with a
mean of 7.6% of dropouts.

Quality assessment and risk of bias

The total score of the studies in Downs & Black’s checklist (Table 2) ranged from 13/32 (41%
of the possible marks) [79] to 27/32 (84%) [37]. The average score was 20.52 (SD = 3.22).
Reporting was the strongest domain and external validity the weakest. Assessment of risk of
bias across studies is shown globally in Fig 2 and detailed in Table 2. The risk of bias was con-
sidered low for 2 studies (9.5%) [37, 72], unclear for 12 (57.1%) [38-40, 43, 65, 69, 71, 73, 76~
79], and high for 7 (33.3%) [64, 66-68, 70, 74, 75].

Meta-analysis of the efficacy of video game-based interventions for active
aging

Begg’s rank correlation test confirmed the absence of publication bias (Kendall’s tau b = 0.01;
p = 454, 1-tailed). A total of 14 studies assessed physical health; 13 of these were included in
the meta-analysis. Of the 14 studies, 10 studies assessed objective measures between experi-
mental and control groups and 4 studies assessed self-reported measures. Only one study that
assessed physical health was excluded from the meta-analysis because it was identified as an
outlier [73]. This study found that adapted physical activities training (alone or combined with
Wii Fit) was more effective than Wii Fit alone at improving the balance of independent senior
participants. Additionally, 18 studies assessing mental health were included in the meta-analy-
sis (16 comparisons for cognitive mental health and 12 for emotional mental health), and 2
studies assessing social health were included in the meta-analysis. No study was excluded from
the meta-analysis for mental or social health.

Regarding physical health, data were pooled from 10 comparisons for objective measures
[38, 39, 66, 72-78] (with a total of 263 participants in the EG and 249 in the CG), and 4 com-
parisons for self-reported measures [38, 40, 79, 80] (with 95 participants in the EG and 81 in
the CG) of physical health. The effect size indicated that participants experienced beneficial
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Table 2. Methodological quality of included studies (Risk of bias / Downs & BlacK’s criteria).

Author (year) Risk of Bias Downs & Black’s criteria Total | %
Reporting (11) | External Validity (3) | Internal Validity-Bias (7) | Confounding (6) | Power (5)

Ballesteros et al., 2014 1-2-2-2-3-1-1 10 0 5 5 21 66
Buitenweg et al., 2017 1-1-1-1-1-1-1 11 1 7 6 2 27 84
Dustman et al., 1992 4-4-4-4-1-1-1 9 0 5 5 1 20 63
Eggenberger etal., 2016 | 1-2-2-3-1-1-1 9 0 6 4 1 20 63
Fuetal, 2015 1-2-3-1-1-1-2 9 1 6 5 2 23 72
Goldstein et al., 1997 2-2-3-3-1-1-2 8 1 5 5 0 19 59
Gronholm et al., 2017 4-3-2-3-1-1-2 9 0 5 5 1 20 63
Kahlbaugh et al., 2011 2-2-2-2-1-1-2 6 1 4 4 1 16 50
Karahan et al., 2015 1-2-2-2-1-1-2 8 0 5 5 2 20 63
Kim et al., 2015 2-2-2-2-1-1-2 5 0 4 3 1 13 41
Lietal, 2016 1-2-2-2-1-1-1 11 0 4 4 1 20 63
Maillot et al., 2012 2-2-2-2-1-1-2 10 0 5 4 1 20 63
Nouchi et al., 2012 1-2-1-2-3-1-1 10 2 6 6 1 25 78
Nouchi et al., 2016 1-2-1-2-1-1-1 10 1 6 5 2 24 75
Ribeiro et al., 2018 1-2-1-1-1-1-1 10 0 7 6 1 24 75
Sato et al., 2015 1-2-2-2-1-1-1 8 0 4 6 2 20 63
Schattin et al., 2016 1-2-4-4-1-1-1 8 0 6 5 1 20 63
Schoene et al., 2015 1-2-3-1-1-1-1 10 1 6 6 2 25 78
Souders et al., 2017 2-2-2-2-1-1-1 8 1 5 4 2 20 63
Toulotte et al., 2012 2-2-2-2-1-1-2 8 0 5 4 0 17 53
Whyatt et al., 2015 2-2-2-2-1-1-2 7 0 5 4 2 18 56

Max score 231 63 147 126 105 672

Total score 184 9 111 101 27 432

% 80 14 76 80 26 64

Note: Risk of bias values reflect categories proposed by Cochrane, in order: random sequence generation; allocation concealment; blinding of participants and

personnel; blinding of outcome assessment; incomplete outcome data; selective reporting; and other sources of bias.1 = low; 2 = Unclear; 3 = high, 4 = Not Reported.

Max. Score: maximum possible score all the studies together.

https://doi.org/10.1371/journal.pone.0208192.t002

effects from the video game-based interventions when compared to those in the CG on objec-
tive measures (Standardized Mean Difference (SMD) 0.41, 95% CI = 0.23 to 0.59, p < .001; P=
63%; p = .006), but not on self-reported measures (SMD 0.03, 95% CI = -0.27 to 0.33, p = .83;

P =23%, p = .28) (Fig 3).

[ —

Allocation concealment (selection bias) .

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)

Incomplete outcorme data (atetion bias) [ MM
Selectve reporting (reportng bizs) [
onervos [N |

Blinding of outcome assessment (detection bias)

0% 25% 50% 75%  100%

| . Low risk of bias |:| Unclear risk of bias . High risk of bias |

Fig 2. Risk of bias graph: Risk of bias presented as percentages across all included studies.

https://doi.org/10.1371/journal.pone.0208192.g002
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Experimental Control

Std. Mean Difference

Std. Mean

Difference

Study or Subgroup Std. Mean Difference _SE Total _ Total Weight IV, Random, 95% Cl 1V, Random, 95% C1
1.3.1 Objective

Fggenberger et al, 2016 <0516 0.362 19 14 65% 052 [-123,019] T

Fuetal, 2015 0.804 027 30 30 84% 0.80 [0.27, 1.33] L
Karahan et al., 2015 0.594 0217 48 42 97% 0.59 [0.17, 1.02] ——
Maillot et al., 2012 0580 0.378 15 15 62% 0.50 [-0.15, 1.33] -

Ribeiro et al., 2018 -0.336 0.299 23 23 78% -0.34 [-0.92,0.25]

Sato etal., 2015 0.324 0276 28 26 8.3% 0.32 [-0.22, 0.86] N
Schattin et al, 2016 -0.032 0380 13 14 60% 0.03[-079,073] —_—
Schoene et al., 2015 0.873 0.222 a7 43 96% 0.87 [0.44, 1.31] ——
Toulotte et al., 2012 3.356 0.801 9 9 Not estimable

Whyatt et al., 2015 0.386 0.224 40 42 95% 0.30 [-0.05, 0.83] T
Subtotal (95% CI) 263 249 71.9% 0.34 [0.04, 0.64] -
Heterogeneity: Tau” = 0.13; Chi” = 21.59, df = 8 (P = 0.006); I” = 63%

Test for overall effect: Z = 2.23 (P = 0.03)

1.3.2 Self-Reported

Ballesteros et al., 2014 0.065 0.372 17 13 63% 0.07 [-0.66, 0.79) e —
Kahlbaug etal., 2011 -0.57 0.395 16 12 59% -0.57 [-1.34,0.20] =

Karahan et al., 2015 0.267 0213 48 42 98% 0.27 [-0.15, 0.68] -+
Kim et al., 2015 -0.187 0.383 14 14 61% -0.19[-0.94,0.56] S
Subtotal (95% CI) 95 81 281%  -0.01[0.37,0.35] i
Heterogeneity: Tau” = 0.03; Chi” = 3.87, df = 3 (P = 0.28); I = 23%

Test for overall effect: Z = 0.04 (P = 0.97)

Total (95% CI) 358 330 100.0% 0.23[-0.02, 0.48] -
Heterogeneity: Tau? = 0.12; Chi = 20.92, df = 12 (P = 0.003); I = 60%

Test for overall effect: Z = 1.82 (P = 0.07)

-1 1
Favours [control] Favours [experimental]
Test for subgroup differences: Chi* = 2.15, df = 1 (P = 0.14), I* = 53.4%

Fig 3. Forest plot of comparisons: Experimental vs. control group change in physical health.

https://doi.org/10.1371/journal.pone.0208192.9003

For mental health, separate meta-analyses for cognitive and emotional health were con-
ducted. Regarding cognition, data from 16 comparisons were pooled [37, 39, 40, 43, 64, 65, 67,
68,70-72,74,75,78, 79] (with a total of 394 participants in the EG and 387 in CG). It was
found that participants of the EG did not demonstrate beneficial effects from the video game-
based interventions compared to those of the CG (SMD 0.14, 95% CI = 0.00 to 0.29, p = .05;

P =0%, p =.96) (Fig 4).

Regarding emotional health, data were pooled from 6 comparisons for positive affect [38,
40, 64, 68, 69, 71] (with 152 participants in EG and 139 in CG), and 6 comparisons for negative
affect [38, 40, 69, 71, 74, 75] (with 191 participants in EG and 171 in CG). Participants of the
EG experienced beneficial effects from the video game-based interventions compared to the
CG for negative (SMD 0.26, 95% CI = 0.05 to 0.47, p = .01; I’ = 0%, p = .99), but not positive
(SMD 0.22,95% CI = -0.01 to 0.45, p = .07; I? = 0%, p = .47) affect (Fig 4).

Finally, in social health data were pooled from two comparisons [38, 64] (with 65 partici-
pants in EG and 55 in CG). Participants of the EG experienced higher beneficial effects from
video game-based interventions than those from the CG (SMD 0.40, 95% CI = 0.04 to 0.77, p =
03; P = 0%, p = .49) (Fig 5).

Analysis of moderating variables

The health status of participants, the type of game, the presence of physical activity, the type of
prevention program, blinded assignment and participants’ age acted as moderating variables.
The rest of the variables analyzed (see S2 File) did not have any significant moderating effect.
Differences in health status (Q = 6.18; p = .046) demonstrated that participants with mental
health symptoms such as subclinical depression (d = 0.49; 95% CI = 0.08-0.89; p = .017) and
people with physical symptoms such as reduced mobility (d = 0.38; 95% CI = 0.21-0.55; p <
.001) got more benefits than healthy individuals (d = 0.17; 95% CI = 0.07-0.27; p = .001). Con-
sidering differences in the type of game (Q = 6.15; p = .046), it was found that health benefits
were associated with exergame-based interventions (d = 0.31; 95% CI = 0.21-0.42; p < .001)
but not with serious games or casual video games. Consistently with this finding, the presence
of physical activity (Q = 5.68; p = .017) also improved the efficacy of the interventions (d =
0.31; 95% CI = 0.21-0.42; p < .001) compared to those that did not utilize physical activity
(d=0.10; 95% CI = -0.05-0.24; p = .183). Regarding differences in type of prevention (Q =
5.95; p = .015), better results were found for indicated prevention programs (d = 0.40; 95%

CI = 0.24-0.55; p < .001). Differences were found based on blinding (Q = 12.36; p = .002),
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Cognitive Mental Health

Favours [control] Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total _ Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ballesteros etal,, 2014 -001 037 17 13 4.0% -0.01[-0.74,0.72)

Buitenweg etal., 2017 -0.055 0195 33 50 14.3% -0.06 [-0.44,0.33) —r—
Buitenweg etal,, 2017 -0.103 0.225 56 50 10.8% -0.10 [-0.54, 0.34) e
Dustman etal, 1992 0.032 0318 20 20 5.4% 0.03[-0.59,0.66) _
Eggenberger etal., 2016 -0.059 0.355 19 14 43% -0.06 [-0.75, 0.64) e —
Goldstein et al. 1997 0.853 0448 10 12 27% 0.65[-0.23,1.53) ]
Gronhélm etal. 2017 0.143 0363 16 15 41% 0.14[-0.57,0.85) =
Kahlbaug etal., 2011 0.187 0.387 18 12 3.6% 0.19[-0.57, 0.95) S—
Kimetal, 2015 0.3 0384 14 14 37% 0.30 [-0.45,1.05) —

Maillot et al., 2012 0.579 0377 15 15 3.8% 0.58[-0.16,1.32) =

Nouchi etal,, 2012 0.391 0386 14 14 37% 0.39[-0.37,1.15) —

Nouchi etal, 2016 0125 0237 36 36 9.7% 0.13[-0.34, 0.59) [ I —
Ribeiro etal, 2018 0.299 0298 23 23 6.1% 0.30[-0.29,0.88) ]

Schattin etal., 2016 0.405 0.394 28 26 3.5% 0.41[-0.37,1.18] m—
Schoene etal, 2015 0252 0212 47 43 121% 0.25[-0.16, 0.67) =1
Souders etal., 2017 0.141 026 30 30 81% 0.14 [-0.37, 0.65) —_— T
Total (95% Cl) 394 387 100.0% 0.14 [-0.00, 0.29] L 2
Heterogeneity: Chi*= 7.06, df= 15 (P = 0.96); F= 0% B T + J

Test for overall effect: Z=1.96 (P = 0.05)

Emotional Mental Health

Experimental Control

Std. Mean Difference

-1 1
Favours [control] Favours [experimental]

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Objective

Eggenberger etal, 2016 -0.516 0.362 19 14 B.5% -0.521.23,0.19) —

Fuetal, 2015 0804 027 30 30 84% 0.80[0.27,1.33)

Karahan etal,, 2015 0.594 0217 48 42 97% 0.59[0.17,1.02) I
Maillotet al,, 2012 0589 0378 15 15 6.2% 0.59-0.15,1.33]

Riheiro etal,, 2018 -0.336 0.299 23 23 7.8% -0.34[-0.92,0.29) —

Sato etal,, 2015 0324 0276 28 26 83% 0.32-0.22, 0.86) - —
Schattin et al., 2016 -0.032 0.389 13 14 6.0% -0.03-0.79,0.73) ————
Schoene etal, 2015 0873 0222 47 43 9.6% 0.87 [0.44,1.31) e
Toulotte etal,, 2012 3.356 0.801 9 9 Not estimable

Whyatt et al., 2015 0.386 0.224 40 42 95% 0.39[-0.05, 0.83) T
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participants not blinded benefited more from the interventions (d = 0.44; 95% CI = 0.14-0.74;

p = .004) than those who were blinded (d = 0.25; 95% CI = -0.12-0.17; p = .736). The age of

participants demonstrated a significant moderating effect on the effect size in health (Q = 4.93;
B =.20; 95% CI = 0.002-0.037; p = .027), with older participants benefiting more.

Discussion

In this systematic review and meta-analysis, we analyzed the efficacy of video game-based
interventions for active aging in adults older than 44. Based on 21 RCTs, it was found that
video game-based interventions produced small positive effects on objectively measured physi-
cal health, negative affect and social health. These findings are similar to a previous systematic
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review for older adults [81], which found significant mental health outcomes in the majority of
the reviewed studies, followed by some physical and social health benefits. However, the results
of the current meta-analysis also contradict findings from a previous meta-analysis which
reported that video game training enhanced several aspects of cognition in older adults includ-
ing reaction time, attention, memory, and global cognition [17], although in the current meta-
analysis there was a trend in this direction. There are some possible explanations for this
trend. Firstly, the conclusions of our meta-analysis may be more rigorous and conservative,
because it included only RCTs, while the meta-analysis by [17] included RCT's and other stud-
ies. Secondly, while the most frequently assessed cognitive outcomes in the current meta-anal-
ysis were global cognition and executive functioning followed by memory and lastly attention
and speed of processing, attention and speed of processing have demonstrated to be the cogni-
tive functions that improve the most after video game training [17, 68].

Regarding physical health, the benefits of video games are encouraging. They seem to
improve some physical health variables in the older adults, for whom aging-related progressive
degeneration in muscle strength and balance control system can lead to motor impairment,
disability and falls [82, 83]. Although the effect sizes found were small, this may be due to the
healthy status of the participants. In addition, while objectively measured physical health had
significant benefits, self-reported physical health did not. One explanation for this finding is
that self-reported measures refer to subjective health issues that are subject to high personal
variability. These subjective health issues can also be confounded with changes that occur dur-
ing normal aging (perceived exertion, perceived health, pain intensity). Furthermore, most of
the studies in the current review assessed the same objectively measured variables that were
trained during the video game-based intervention, which may have resulted in more positive
outcomes. Physical health was assessed as muscle strength [77], balance [38, 39, 74, 76, 77],
falls [66, 75], functional fitness [78] postural control and gait [72].

The positive effects of video games on negative affect and social health are of particular
importance as depression and social isolation in older adults are risk factors that double the
risk of subsequent dementia [84] and mortality [85]. Previous research has demonstrated that
playing video games could lead to greater social interaction, less loneliness, a sense of accom-
plishment, and positive mood [40]. Our results confirm that video games can play a protective
role in this area. However, it is unknown if the quality of mood enhancement and social partic-
ipation derived from playing videogames is equivalent to non-virtual social participation.
Social health is an emerging domain, and would greatly benefit from future research. Some of
the outcome measures used in the reviewed studies, like The Short Form Health Survey [86],
or the World Health Organization Quality of Life Scale Brief Version [87] include subdomains
assessing social health (e.g. Social Role Functioning, Social relationships), though information
about social health cannot be assessed if the authors only report the total score. This was the
case in two of the studies analyzed for inclusion in the current study [40, 63].

The magnitude of the effects of video game-based interventions were moderated by the
health status of participants, the type of game, the presence of physical activity, the type of
prevention program, blinded assignment and participants’ age. Specifically, participants with
subclinical conditions benefited more from the interventions than healthy ones, which is con-
sistent with the larger effect size obtained by studies on indicated prevention programs [88]
and could also be caused by their greater statistical power.

Exergames resulted in better outcomes than other types of video game interventions. This
finding may be due to exergames accounting for the beneficial effects in cognition and physical
condition, while serious and casual video games lost explanatory power when this variable was
controlled. This can be explained by the fact that exercise training induced functional brain
plasticity and prefrontal adaptations that were correlated with improved performance in
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executive functions and processing speed. This is likely a result of reducing the need for pre-
frontal resources of executive functions and attention in dual tasks [74]. Similarly, cognitive
decline is associated with impaired gait in older adults [89]. Another hypothesis is that cerebral
metabolic activity that occurs with physical activity training requires increased availability of
oxygen [90]. In addition, exergames train different motor and cognitive abilities such as multi-
directional displacements, weight transfer, attention, planning, decision making and concen-
tration [91]. This is consistent with previous research that demonstrated that combining not
only different cognitive abilities but also combining cognitive and physical training improved
cognitive performance in older age to a greater extent, suggesting the implementation of com-
bined cognitive—physical interventions [41]. Previous reviews on exergames in adults and
older adults concluded that exergaming provided a novel method for increasing or substituting
physical activity, and resulted in improved physical function, depression and cognitive func-
tion [16, 92, 93]. The significant effects still existed when excluding waitlist-only controlled
studies, and when comparing to physical activity interventions [29]. However, our results par-
tially contradict a previous study that found that serious games have small positive effects for
healthy lifestyle promotion in all ages [21]. Our results might be due to the fact that our study
focused on adults older than 45, and that serious games seem to be less effective than exer-
games in healthy life style promotion.

Furthermore, the fact that non-blinded participants had better outcomes could be explained
as a placebo effect. However, due to the few blinded studies in this review (n = 6) this should
be further explored in future studies. Lastly, the fact that older participants benefited more
from the intervention may be related to age-related decline in physical, cognitive, emotional
and social functioning that video game interventions can prevent. In addition, these benefits
may also be due to the fact that older adults may start the training program with lower physi-
cal, cognitive and emotional functioning scores related to aging decline [94], which result in
larger effect sizes after the intervention. This finding is consistent with a previous meta-analy-
sis on video games aimed at older adults [17].

However, no moderating effects were found in the other studies’ participant characteristics
(e.g., gender, education, marital status, socioeconomic class, or region), intervention variables
(e.g., number of sessions, play duration, dosage of interventions, format, interface) or method-
ological variables (e.g., randomization method, type of control group, drop outs). These results
indicate that video game-based interventions are broadly applicable across a wide range of par-
ticipants and are equally effective on different dosages and formats. One reason for this may be
that video game-based interventions are usually friendly and intuitive so people of any educa-
tional, social class or region can play them. In contrast to face to face interventions, video
game based-interventions maintain fun, motivation, commitment with the task and allow for
different activity levels, preventing fatigue [8]. No heterogeneity of the results was found,
except for objective measured physical health, due to two studies [72, 74] which had results
inconsistent with those of the other studies included in the meta-analysis. These differences
may be due to the small sample size (1 = 33 and n = 46, respectively) and the younger age of
participants in these two studies (M ages 75.3 and 69.3, respectively). The small sample size
and younger ages could prevent the generalization of the results and result in a ground effect
that could impede the appreciation of improvements. The results of those studies should be
considered with caution. Consequently, in the current meta-analysis a random effect model
was applied to correct for these effects [33].

This review has a number of strengths, including a registered protocol, rigorous evaluation
of the quality and risk of bias of the studies and rigorous methods of quantitative synthesis. As
far as we know, it is the first literature review and meta-analysis focused on video game-based
interventions for active aging.
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Some limitations of the reviewed studies must be considered: most of the reviewed studies
had small sample sizes, a lack of theoretical model-based interventions, none of the interven-
tions were based on a manualized treatment and only 42.9% were based on a standardized pro-
tocol. Furthermore, there was a wide use of non-standardized measures, especially of criterion
outcome measures (e.g., playing score, reaction time) and computerized non-validated adapta-
tions of tests (e.g., Stroop test, Wisconsin Card Sorting Test), although it must be noted that
only the results emerging from standardized instruments were included in this study. Follow-
ups were scarce and generally brief and in 57.1% of studies the risk of bias was unclear. Maybe
for these reasons, the effect sizes in significant health domains were small.

In addition, conclusions drawn from this meta-analysis must be considered in the context
of some limitations. Firstly, we included RCT which did not use intent-to-treat analyses, intro-
ducing the possibility of survival bias. In order to control them, we carried out a moderator
analysis including attrition as moderator. Secondly, social health domain was only measured
in two studies; therefore, social health results should be interpreted with caution.

Conclusions

Despite these limitations, the findings suggest that video game-based interventions are a prom-
ising and effective intervention for active aging promotion. Future studies to increase method-
ological rigor are needed. Additionally, more studies are suggested to assess adults older than
44 but younger than 60, with longitudinal studies analyzing the preventive efficacy of interven-
tions in the aging process. RCT of serious video-game-based interventions targeting health
domains other than cognition are recommended.
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