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Abstract: (1) Background: Poor levels of physical fitness and motor skills are problems for today’s
children. Active video games (AVG) could be an attractive strategy to help address them. The aim
was to investigate the effects of AVG on health-related physical fitness and motor competence in
children and adolescents with healthy weight. (2) Methods: Randomized and non-randomized
controlled trials investigating the effects of AVG programs on health-related physical fitness and
motor competence were included. Two different quality assessment tools were used to measure
the risk of bias. Twenty articles met the inclusion criteria and the variables of interest were body
mass index (BMI), body fat, cardiorespiratory fitness (CRF), muscular fitness and motor competence.
(3) Results: AVG interventions seem to have benefits in BMI when lasting longer than 18 weeks (SMD,
—0.590; 95% IC, —1.071, —0.108) and in CRF (SMD, 0.438; 95% IC, 0.022, 0.855). AVG seems to be a
promising tool to improve muscular fitness and motor competence but the effects are still unclear
due to the lack of evidence. (4) Conclusions: AVG seem to be an effective tool for improving some
components of health-related physical fitness and motor competence in healthy-weight children and
adolescents, but the effect on some fitness components needs further research. Therefore, AVG may
be included as a strategy to improve health.

Keywords: exergames; fitness; motor competence; youth; Pediatric Inactivity Triad

1. Introduction

Childhood and adolescence are decisive periods because numerous physical, phys-
iological and psychological changes take place [1]. In fact, lifestyle, understood as the
habits and behaviors that, whether healthy or not, are acquired during these stages and
have a clear influence on adult health [1,2]. Physical activity (PA) is generally considered a
healthy lifestyle directly related to health but also to physical fitness [3,4]; being also true
that although fitness has an important genetic component, it is also associated with active
and sedentary behaviors [4,5].

Health-related physical fitness is currently considered one of the most important health
markers [1,3]. The level of physical fitness is a predictor of morbidity and mortality for
cardiovascular and metabolic disease and for all causes of death in life [1,4—6]. Improving
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health-related physical fitness, mainly cardiovascular and muscular fitness and body
composition, is a means to improve health [2].

Children with a low cardiorespiratory fitness (CRF) level are more likely to exceed
the healthy weight body mass index (BMI) status [2]. This is important because childhood
obesity is one of the most important public health problems of the 21st century [7] and
prevalence of childhood overweight and obesity has acquired the status of an epidemic;
for instance, in 2016, the prevalence of overweight was over 30% and the prevalence of
obesity was over 10% in European children and adolescents [8]. It therefore seems that a
good early obesity prevention strategy could be to increase the levels of PA [9] and physical
fitness [10] of young people, which are anyway interrelated and will also have an impact
on each other [4].

PA is one of the most important factors in CRF [4] and it has a great influence on
body composition [9]. PA has been widely and favorably associated with body fat, car-
diometabolic biomarkers, physical fitness, bone health, motor competence and, in short,
the quality of life; and insufficient PA is one of the main risk factors for non-communicable
diseases and for premature death [11]. The recommendation of WHO indicates that an
average of 60 min of moderate-to-vigorous PA daily provides benefits for health in young
people, although PA beyond 60 min of moderate-to-vigorous PA daily provides additional
benefits [12]. However, a large proportion of the children and adolescents do not meet the
public health recommendations of PA, as showed in 2016, in a study of 1.6 million students
aged 11-17 in which 81.0% of them did not meet this recommendation [13].

Physical inactivity in youth is a serious problem in today’s society and is included in
the Pediatric Inactivity Triad (PIT) by Faigenbaum et al. [14], which comprised three inter-
related components: exercise deficit disorder, pediatric dynapenia, and physical illiteracy.
The exercise deficit disorder is the term used to describe those children and adolescents
that do not meet the current public health recommendations of PA and this term pretend
“to highlight the gravity of this clinical condition” [14]. This exercise deficit disorder often
leads to an excessive increase in body fat and a low fitness level [11].

The PIT notes the importance of muscular endurance and strength. Scientific evidence
shows a trend of decline in muscle fitness compared to previous years [15-17]. Therefore,
global trends indicate that children have a poorer level of muscular fitness than previous
generations, which is related to a lower level of motor skills, PA and organized-sports
participation [18,19]. A systematic review about trends in muscular fitness between 1972
and 2015 showed small increases in the relative muscular strength and speed while proxies
of muscle power declined [20]. Muscular fitness is important in the development of children
because “strength is the staple that holds other fitness components together” [18], together
with its relationship with motor competence [14,20].

Further, the PIT highlights highlight the relevance of motor competence [14], under-
stand as motor skill proficiency. The primary school years are considered the key stage to
develop motor competence and to adopt an active or inactive lifestyle [21]. Motor com-
petence positively correlated with PA and health-related physical fitness [22-24], which
reinforces the importance of including the improvement of motor competence in the main
objectives of physical exercise interventions for children and adolescents [25].

The decreased levels of PA and health-related physical fitness in children and ado-
lescents are associated with adverse consequences on their health such as obesity, type
II diabetes, cardiovascular and metabolic diseases, etc. [6] It is well known that exercise
is an effective tool to obtain all the holistic benefits of exercise, such as improvements in
BMI status or adiposity, in cardiorespiratory and muscular fitness or in bone health [26].
However, the main challenge is to ensure adherence to exercise [27], especially in the young
population with particular possibilities of low practice.

Active-video games (AVG) have been proposed as a good alternative aiming to moti-
vate those (young or not) who find sport less interesting, partly due to their body composi-
tion, poor performance or low motor skills. Scientific literature has shown the potential of
AVG to increase the energy expenditure and to replace sedentary behaviors by promoting
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light-to-moderate PA [28-34]. Although some studies have reported the benefits of AVG
on body composition [35], CRF [36], and motor competence [37,38], the effects of AVG on
health-related physical fitness need further investigation because of the importance it can
have for their present and future health.

It is therefore necessary to ascertain the potential of AVG for improving health in
children and adolescents with healthy weight and for promoting a healthier lifestyle. As
well, this update of the evidence is necessary as AVGs have been updated, offering more
and more possibilities and increasing the physical demands in exercise sessions through
AVG [34]. Consequently, this systematic review aims to identify and critically appraise
current research results from the data obtained and to pool the results of published studies
in a meta-analysis. This will allow us to provide a clear answer on the effects of AVG on
health-related physical fitness and motor competence in children and adolescents with
healthy weight. To define children with a healthy weight, the BMI zscore values were from
>—2 to <1 or the BMI percentile from >3rd percentile up to 85th percentile [39].

2. Materials and Methods

This review has been performed following the criteria and methodology established by
Cochrane Handbook for Systematic Reviews of Interventions (Version 5.1.0) [40]. The writ-
ing of this review was performed according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) 2020 statement [41]. PRISMA 2020 item Checklist
has been included as a supplementary file (Table S1). A protocol was registered in the
International Prospective Register of Systematic Reviews, PROSPERO (CRD42020222831).

2.1. Data Sources and Search Strategy

Journal articles were identified by searching electronic databases, scanning reference
lists of articles and examining tables from earlier systematic reviews. The search strategy
was applied to PubMed, Medline, Web of Science and SPORTDiscus up to and including
March 2021.

The search strategy used to identify the articles in PubMed and Medline was as
follows: exergam* OR “active video gam*” OR “active videogam*” OR “active gam*” OR
“interactive video gam*” OR “interactive videogam*” OR “Wii” OR “Xbox” OR “Kinect” OR
“PlayStation”, and “Species: Humans” and “Language: English” filters were applied, along
with “Journal Article” for Medline. The search strategy applied in SPORTDiscus was as
follows: TX = (exergam* OR “active gam*” OR “active video gam*” OR “active videogam™*”
OR “interactive video gam*” OR “interactive videogam*” OR “Wii” OR “Xbox” OR “Kinect”
OR “PlayStation”) and “document type: article” and “language: English” filters were
applied. The search strategy used in Web of Science was as follows: TS = (exergam* OR
“active gam*” OR “active video gam*” OR “active videogam*” OR “interactive video gam*”
OR “interactive videogam*” OR “Wii” OR “Xbox” OR “Kinect” OR “PlayStation”) and
“document type: article” and “language: English” filter was applied.

Two reviewers (C.C.C. and A.G.A.) independently evaluated all studies. Titles and
abstracts were examined, and relevant articles were obtained and assessed using the
inclusion and exclusion criteria described below. Inter-reviewer disagreements were
resolved by consensus. A third reviewer resolved disagreements.

2.2. Inclusion Criteria

The following inclusion criteria were used following PICOS format [42]: (P) partic-
ipants: under 18 years old without overweight or obesity; (I) trials studying the effects
of AVG programs on health-related physical fitness and motor competence; (C) control
group with no intervention or with traditional exercise intervention; (O) types of outcome
measures: variables of health-related physical fitness such as CRF, musculoskeletal fitness
(muscular strength and muscular endurance) and body composition, and variables related
with motor competence; (S) types of study: randomized and non-randomized controlled.
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2.3. Exclusion Criteria

The following exclusion criteria were applied: (1) studies in languages aside from
English or Spanish; (2) unpublished data; (3) studies with animals; (4) studies includ-
ing participants with disabilities, diseases or disorders; (5) studies without pre- and
post-assessments of the variables of interest (6) dissertations or abstracts from society
proceedings or congresses.

2.4. Search Summary

A total of 13267 relevant articles were identified using the search strategies. Following
a review of titles and abstracts, and excluding duplicates, the total number of articles
was reduced to 599. Then, 20 articles met the inclusion criteria and were selected to
be included in this review. Articles were excluded because of the following reasons:
(1) cross-sectional studies (1 = 160), (2) only psychological, cognition, nutrition, balance
variables, PA or energy expenditure were measured (n = 388), (3) studies that included
children and adolescents with overweight and obesity (n = 26), (4) and non-controlled trials
(n =5) (Figure 1).

Records identified through database searching: PubMed (2602), Medline
(2903), Web of science (5663), SPORT Discus (2113) (n = 13267)

g EEEE—— Duplicates excluded (n = 4434)
b= |
‘é v
= Records after duplicates removed Records excluded by title or abstract for reason
L (n=8833) (n=8234):
- Not topic: (n = 6745)
R Not scientific articles (n = 140)
Reviews, systematic reviews or meta-
> analysis (n =118)
Subjects older than 18 years old (1 = 463)
- J Subjects with diseases or disorders (1 = 638)
'g L - Studies using mobile devices or virtual
g reality (n = 127)
n Records fully screened
(n=599)
Full-text articles excluded with reason (n = 579)
> - Unrelated topic (no fitness or motor
= competence) (n = 388)
:a, N No longitudinal studies (1 = 160)
5 Participants were children or adolescents
with overweight or obesity (1 = 26)
Non-controlled trials (n = 5) (Non-
. controlled trials were taken into account in the
discussion of the article but not in meta-
L analysis)
Studies included in systematic
'E, review (n = 20)
=
<
= Studies included in meta-
analysis (n=7)

Figure 1. PRISMA flow diagram of articles that were selected.

The characteristics of each study included in this systematic review were summa-
rized in different sections following PICOS format [42]: participants (P), intervention (I),
comparison between groups or control group (C), outcomes (O), and study design (S).

2.5. Risk of Bias

Two risk-of-bias assessment tools were used for assessing risk of bias proposed
in the PRISMA 2020 statement, the RoB 2 in randomized controlled trials updated by
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Sterne et al. [43] and the ROBINS-I (“Risk of Bias in Non-randomized Studies—of Inter-
ventions”) in non-randomized controlled trial developed by Sterne et al. [44].

2.6. Data Extraction

The following information was extracted from each included trial: name of first author,
year of publication, sample size, participant characteristics including age, sex and BMI
status, type of study, type of intervention, training characteristics including intervention
length and frequency, variables and data sources and outcomes. From this point in the
manuscript onwards, when not specifying the activity performed by the control group, this
will imply that the control group continued with their normal routine.

2.7. Meta-Analyses

Children and adolescents who performed an AVG intervention were compared with
controls who participated in no intervention or in another type of PA intervention. Effect
sizes were calculated for each outcome (BMI, body fat percentage, CRF, waist circumfer-
ence, fat-free mass, muscular fitness and motor competence). Different meta-analyses
were performed stratifying by type of control group (no intervention or PA intervention
without AVGs).

Standardized mean differences (SMD) between participants in AVG interventions and
controls and their 95% confidence intervals were calculated using a continuous random-
effects model (DerSimonian-Laird method). SMD effects sizes were interpreted as follows:
<0.40 = small, 0.40-0.70 = moderate, >0.70 = large effect [40]. The heterogeneity of the
studies was tested using the I2 statistic [45]. This statistic describes the variance between
studies as a proportion of the total variance and was interpreted as follows: I? = 0-25% no
heterogeneity, I? = 25-50% moderate heterogeneity, I> = 50-75% high heterogeneity, and
12 = 75-100% very high heterogeneity. All analyses were performed using the Open Meta
[Analyst] software (Windows 10, Rhode Island, RI, USA).

3. Results and Discussion

Table 1 summarizes the details of the methodological quality assessment for random-
ized controlled trials. The risk of bias for randomized controlled trial was low.

Table 1. Quality assessment of randomized controlled trials.

Study, Year R D Mi Me S o
Medeiros et al., 2020 [46] S + + + + +
McGann et al., 2019 [47] + + + + + +

Gao et al., 2019 [48] o+ + + + + +
Coknaz et al., 2019 [49] + + + + + +
Ye et al., 2019 [50] ? + + + + &

Fu et al., 2018 [37] ? + + + + +
Lau et al., 2017 [51] L + + + + +
Vernadakis et al., 2015 [52] S + + &+ + +
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Table 1. Cont.

Study, Year R D Mi Me S o]
Johnson et al., 2015 [53] o+ + + + + +
Mombarg et al., 2013 [54] S &+ + + + +
Sheehan et al., 2013 [55] + + + + + +
Sheehan et al., 2012 [56] + + + + + +
Maloney et al., 2012 [57] ? + + + + +

Graves et al., 2010 [58] + + + + + +
Maloney et al., 2008 [59] + + + + + +

R Bias arising from the randomisation process, D Bias due to deviations from intended interventions, Mi Bias due to missing outcome data,
Me Bias in measurement of the outcome, S Bias in selection of the reported result, O Overall risk of bias.

Table 2 summarizes the details of the methodological quality assessment for the one
non-randomized controlled trial, showing low risk of bias.

Table 2. Quality assessment of non-randomized controlled trials.

Pre-Intervention At Intervention Post-Intervention
- . - Bias Due to . - Bias in
Author, Year Bias Due to Bias in ?e.lechon B.1.as m Deviations Blas. D.ue to Bias in Selection of 07’“"“
’ . of Participants Classification of Missing Measurement Risk of
Confounding X R from Intended the Reported .
into the Study Interventions . Data of Outcomes Bias
Interventions Result
ng%e[téa LOW LOW LOW LOW LOW MODERATE LOW LOW
Gao et al., LOW
2019 [61] LOW LOW LOW LOW LOW MODERATE LOW
;511 gt[;’é'j LOW LOW LOW LOW LOW MODERATE LOW LOW
2\({)‘91 gt[‘;‘;j LOW LOW LOW LOW LOW MODERATE LOW LOW
Azevedoet al, LOW LOW LOW LOW LOW MODERATE LOW LOW

2014 [35]

3.1. AVG Interventions

There was a great deal of variety across AVG used. Interventions mostly ran during
Physical Education (PE) lessons, during playtime or lunchtime, or as an extracurricular
activity after school. Most used devices in AVG interventions were gaming consoles such
as Xbox 360 with Kinect®, Nintendo Wii®, Sony PlayStation 2® dance mats, and also other
games such as (GoNoodles®, “Adventure to Fitness” and “Cosmic Kids Yoga”.

The length of AVG interventions ranged from 6 weeks to 12 months (mean: 16.1 &+ 13.2 weeks).
Frequency of AVG sessions ran from 2 to 7 days per week (mean: 3.8 & 1.7 days per week),
although some interventions were applied daily. Sessions typically lasted between 10 and
60 min (mean: 44.3 £ 26.0 min) and were delivered by PE teachers and research assistants
or, in other cases, they were developed autonomously (Home-based AVG interventions). It
is therefore complicated to establish a standard length, intensity, duration of sessions or
type of AVG interventions.
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The different control groups either were applied another intervention without AVG,
like PE or exercise sessions, access to sedentary video games, learning sessions, or were
just asked to continue their normal activities of daily life, the latter being the most used
option for the control group.

3.2. AVG Effects

All the studies concerning the effects of AVG on health-related physical fitness and
motor competence in children and adolescents with healthy weight are summarized in
Table 3. A total of twenty randomized and non-randomized controlled trials showed
effects of AVG on health-related physical fitness and motor competence in children and
adolescents with healthy weight [35-38,46-61]. Although the non-controlled articles were
not taken into account in the results, they were reviewed in the discussion and were
summarized in Table S2.

Individual study results and global effects of quantitative effects of CRF are plotted in
Figure 2, while a summary of the global result is presented in Table 4. Some articles were
excluded from the quantitative analyses given that the effect sizes could not be calculated
from the information available in the papers [48,50].
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Table 3. Descriptive characteristics of included studies with children with healthy weight.

Participants i
Study [Ref.] P A Study Design Intervention Control Training Va_;;:ﬂj::dnd Outcomes
n ge
AVG and CG
Period: 9 weeks im rshovr\;ecrllt in
Medeiros et al =64 Xbox Kinect CG: PE curriculum Frequency: 2 days l\l/iCo‘l;eut ZVSG
v male (30) 9.09 £ 0.75 years RCT ) per week MC (TGMD-2) 4
2020 [46] (n=32) class (n = 32) . . showed
female (34) Duration: 45 min . .
+ session improvements in
pe more skills of
TGMD-2
AVG improved
Cifci et al., n =100 Xbox Kinect No intervention Period: 8.weeks. MF (handgrip, leg  MF. No differences
2020 [60] male (50) 12-15 years Non-RCT (1 = 50) (1 = 50) Frequency: 40 min  dynamometry and on MF between
female (50) per week vertical jump) AVG and CG
were observed.
Improvements on
MC for both AVG
= 40 AVG focus on MC and CG, and
McGann et al., male (21) 5-7 years RCT playlgg at'ScratCh Traditional AVG Period: 8 wee1.<s MC (TGMD-2) group by .tlme
2019 [47] female (19) with Kinect (n =20) Frequency: Daily effect with
(n =20) significantly
higher scores
by AVG.
Period: 12 weeks
Gao et al., 2019 =32 Hom((i-]:aa s?fci/AVG No intervention Frequency: 5 days BMI No effects for BMI
[ 48]” male (16) 4.72 £+ 0.73 years RCT amin Ic)onsole) (n = 14) per week CRF (3-Minute and CRF
female (16) 5 (ng— 18) B Duration: 30 min Step Test)
- per session
Period: 12 weeks
_ AVG group: )
Coknaz et al., 2019 n =106 9.62 + 1.02 years Nintendo Wii . . Frequency: 3 days AVG decreased
[49] male (46) Control eroup: RCT (n = 53) No intervention per week BMI BMI while
female (60) group: - Duration: 50-60 min CG increased

10.31 £ 1.15 years

per session
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Table 3. Cont.
Participants i
Study [Ref.] P Study Design Intervention Control Training Variables and Outcomes
n Age Test Used
Period: 8 weeks
Gao et al n=>56 Nintendo Wii and No intervention Frequency: 5 days No group effect,
2019 61]., male (23) 4.5 + 0.46 years Non-RCT Xbox Kinect (n = 36) per week MC (TGMD-2) but time effect
female (33) (n=20) h Duration: 20 min for MC
per session
Period: School
n=_81 AVG during recess Frequei,f:;]’: 5 days
Ye et al., 2019 [50] male (42) 9.23 + 0.62 years RCT (Nintendo Wiiand  No intervention per week CRF (Halfmile g et for CRF
Xbox Kinect) (n =45) . run test)
female (39) (1 = 36) during recess
- Duration: 50 min
per session
AVG (GoNoodle,
Adventure to Period: 18 weeks
n =65 Fitness, and Five 30-min of Frequency: 3 days CRF (20-m AVG showed a
Fu et al., 2018 [36] male and 11.6 £ 0.5 years Non-RCT Cosmic Kids Yoga) free-play sessions per week PACER) higher CRF
female in regular school (n=32) Duration: 30 min than CG
class time per session
(n=33)
AVG (GoNoodles,
Adventure to Period: 12 weeks
n =65 Fitness, and Five 30-min of Frequency: 5 days hiA}i?ii};?Z:le in
Fuetal., 2018 [37] male (34) 4.9 £ 0.7 years RCT Cosmic Kids Yoga) free-play sessions per week MC (TGMD-3) "lgGMD—3 score
female (31) in regular school (n=29) Duration: 30 min than CG
class time per session

(n = 36)
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Table 3. Cont.
Participants . . .. Variables and
Study [Ref.] A Study Design Intervention Control Training Test Used Outcomes
n ge
BMI
HRF
(FITNESSGRAM
protocols for
PACER) AVG improved
Period: 9 month MF (hand-grip BMI, CRF, MF and
=250 125 min of AVG 125 min of PEonly ~ Frequency: 3 PE dynamometry, OCS, while CG
- (Nintendo Wii and (5 classes classes and push-ups and improved CRF
Ye et al., 2018 [38] male and 8.27 £ 0.70 years Non-RCT . . .
female Xbox Kinect) + PE per week) 2 exergaming curl-ups) and object control
(n=135) (n=115) sessions per week MC (speed for skills but
Duration: 125 min kicking and worsened MF
throwing, and BMI.
maximum
standing long
jump distance
and hopping)
BMI increased in
Period: 12 weeks AVG and CRF
n =280 . . . Frequency: twice a BMI increased in AVG
2311'1 66;?11]” male (25) 9.23 £ 0.52 years RCT Xb(?lx_lilg)e ct No lge_rzeg)ltlon week after school ~ CRF (20-m shuttle and CG,
g female (55) - - Duration: 60 min run test) with higher
per day improvements
in AVG
EXE: traditional
"= 66 motor competence Period: 8 weeks E)?];] i(a)rvlvde d
Vernadakis et al., N Xbox Kinect training program Frequency and MSC (OCS with . .
males and 6.35 = 0.73 years RCT . improvements in
2015 [52] females (n=22) (n=22) and no duration: TGMD-2) OCS. CG2 showed
intervention Non-reported .
(n =22) no improvements
Period: 6 weeks
n=236 Xbox Kinect No intervention Frequency: 5 days . No eff('ects on OCS
Johnson et al q y y MSC (OCS with or differences
2015 [59] v male (53%) 6-10 years RCT n=19; n=17; per week TGMD-3) between erotps
female (47%) 7.9 £+ 1.5 years) 8.0 = 1.2 years) Duration: 50 min for A{g/G P
in lunchtime
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Table 3. Cont.

Variables and

Participants
Study [Ref.] " Age Study Design Intervention Control Training Test Used Outcomes
Dance Mat . . AVG showed a
= 497 Exergaming No intervention Period: 12 months BMI positive effect on
Azevedo et al., le and femal 11-13 d Non-RCT (n = 280; (n=217, F 2h %BF (DXA) weight, BMI and
2014 [35] male and temate yearso on 11;;04' . 11.3 4 0.4 years; m@mmyk CRF (20-m shuttle  %BF compared to
63; 9% fém}:i:)r ! 64.5% female) perwee run test) CG, but not
. on CRF
Both AVG and
CG showed
improvements in
MC. Balance
scores of the
Nintendo Wii Period: 6 weeks MC (movement A:Egnlilfl;gl;?t‘{;d
Mombarg et al., nlz 29 (W11—ba.lance board No intervention Frequency: 3 days assessn}ent battery whereas those of
2013 [54] male (23) 7-12 years RCT x./\.nt.h the (n = 14) per week . for Chgd.ren and the control group
female (6) Wii-fit-plus) Duration: 30 min Bruininks— h d
(n=15) per session Oseretsky Test) | Showedno
significant progress.
There were
significant
interaction effects
on balance scores,
favoring the AVG.
CG1: PE
curriculum class AVG and the ABC
iDance™, XR (n=21) . PE (CG2)
_ Board™ CG2: PE geared Period: 6 wee:ks improved their
Sheehan et al n =61 /Lightspace™ toward agility, Frequency: MC (balance test postural stability
2013 [55] N male (33) 9-10 years RCT > nd Wi ! balance. and ! 4-5 days per week with the HUR significantly
female (28) Fit™ Plus. Coordin:altion Duration: 34 min BT4™ platform) compared to those
n=21) (ABC) per session in the curricular
improvement PE class.

(n=19)
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Table 3. Cont.

Participants i
Study [Ref.] P Study Design Intervention Control Training Variables and Outcomes
n Age Test Used
CG1: PE AVG and the ABC
curriculum class PE (CG2)
(n = 21) Period: 6 weeks improved the
CG2: PE geared balance compared
n=65 - s Frequency: 3days =~ MC (balance test .
Sheehan et al., Wii Fit+™ toward agility, . to those in the
male (29) 9-10 years RCT per week with the HUR .
2012 [56] (n=22) balance, and . . ™ curricular PE class.
female (36) L Duration: 34 min BT4"™ platform)
coordination er session Improvement
(ABC) P were not
improvement significantly different
(n=22) from CG2.
Period: 10 and
20 weeks
n=>58 Playstation 2 (In . . Frequency: 4-5
Maloney et al, male (71%) 13.7 + 0.6 years RCT the Groove) No intervention school days BMI AVG decreased
2012 [57] o (n=29) BMI more than CG
female (29%) (n=29) per week
Duration: 10 min
per session
Period: 6 and
"= 58 12 weeks
Graves et al., - Nintendo Wii jOG No intervention Frequency and BMI No effects for BF
2010 [58] male (39) 92 £ 0.5 years RCT (n =29) (n =29) duration: FM (DXA) or BMI
female (19)
Non-reported
home-based
n =60 . . .
Maloney et al., DDR No intervention Period: 28 weeks No changes
2008 [59] male (30) 7.5 405 years RCT (1 = 40) (1 = 20) Home-based BMI in BMI
female (30)
%BF body fat percentage, AVG active video games, BMI body mass index, CG control group, CRF cardiorespiratory fitness, DXA dual-energy X-ray absorptiometry, EXE exercise, FEM fat-free mass, FM fat mass,

FPG free-play group, HRF health-related fitness, MF musculoskeletal fitness, min minutes, MSC motor skills competence, OCS object control skills, PACER progressive aerobic cardiovascular endurance run, PE

physical education, RCT randomized controlled trial, TGMD test of gross motor development.
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0.015(-0.683, 0,714)
-0.205(-0.587, 0,177)
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Figure 2. BMI effect sizes for AVG compared with control group. Subgroup analysis by AVG intervention’s length;

Subgroup 1: AVG interventions lasting less than 18 weeks; Subgroup 2: AVG interventions lasting 18 weeks or more.

Table 4. Effect sizes and heterogeneity of findings for studies comparing AVG intervention versus
control group.

Hedges'g

. o, 2
Variable N Effect Size 95 % CI p Value I
BMI 7 —0.291 —0.631; 0.049 0.000 78.47%
CRF 4 0.438 0.022; 0.855 0.001 82.9%

BMI body mass index, CRF cardiorespiratory fitness.

3.2.1. Body Mass Index and Percentage of Body Fat

BM], fat mass or body fat percentage were evaluated by eight articles [35,38,48,49,51,57-59]
and fat mass or body fat percentage were measured by dual-energy X-ray absorptiometry
(DXA) [35,58]. Four out of eight studies reported that an AVG intervention decreased BMI
in children with healthy weight [35,38,57]. Azevedo et al. [35] investigated the effect of
an AVG with dance mats and the results showed a positive intervention effect on weight
(—1.7 kg, 95% CI: —2.9 to —0.4) and BMI (—0.9 kg/mz, 95% CI: —1.3 to —0.4) compared to a
control group. A similar AVG was used by Maloney et al. [57], displaying a higher decrease
in mean BMI percentile by children who participated in AVG in comparison with a control
group (5.6 vs. 0.2 BMI percentile decrease, respectively). Coknaz et al. [49] investigated the
effect of a 12-week AVG intervention with Nintendo Wii and positive intervention effects
on BMI were observed. Ye et al. [38] examined the effectiveness of a combined AVG and
PE program using Xbox Kinect and Nintendo Wii compared to PE only, across a school
year with 125 min weekly, showing that AVG had positive effects on BMI (—0.3 kg/m?),
while PE control group increased it (1.28 kg/m?).

On the other hand, four randomized controlled trials reported no effects [48,58,59]
or negative effects [51], three of these were for non-supervised home-use [48,58,59] and
another three of these lasted less than 12 weeks [48,51,58]. The first study on the effect of
AVG on BMI was performed by Maloney et al. [59]. AVG group were provided with all
equipment necessary to play DDR at home but there were no changes in BMI in neither
AVG nor control groups. The same practice was followed by Graves et al. [58]. These
authors reported no AVG effects on BMI after 12 weeks of non-supervised home-use
Nintendo Wii. Gao et al. [48] showed no effects and no differences between AVG and con-
trol groups. Lau et al. [51] showed an increase in BMI (p < 0.001), while this increase was not
shown in control group after a 12-week intervention with Xbox Kinect. Negative effects of
the AVG group relative to control group were reported (0.22 kg/m?, 95% CI: —0.46 to 0.90).

Only two studies reported effects of AVG on body fat in healthy-weight children.
Azevedo et al. [35] showed a positive effect on body fat with a 1-year AVG intervention
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with dance mats compared to control group (—2.2%, 95% CI: —4.2 to —0.2). However,
Graves et al. [58] reported no effects on body fat in AVG or control group after a home-based
AVG intervention with Nintendo Wii over 12 weeks.

Non-supervised home-based AVG interventions do not seem to produce enough
stimulus to have an effect on the BMI or percentage of body fat. De Brito-Gomes et al. [62]
showed that higher energy expenditure was observed in structured interventions.

Two non-controlled studies also reported BMI and body fat changes after AVG in-
tervention [63,64]. Bethea et al. [64] applied a 30-week AVG intervention with DDR and
no changes were shown in BMI. These results were similar to those found in the article
performed by Owens et al. [63] that evaluated the change in BMI and body fat percentage
after a 3-month AVG intervention in which participants were provided with a Nintendo
Wii to play at home, with no effects shown. It is worth noting that the intervention in
this study was family-based and that they spent 12.6 min per day on average but that
there was a significant reduction in Wii time between the first six and last six weeks of
the intervention.

Some systematic reviews studied the effects of AVG on BMI or body fat, including
studies of overweight or obese children or adolescents., but some limitations can be found,
such as the inclusion of non-controlled trials, the inclusion of children and adolescents with
diseases or disorders, or the search strategy, or differences in the inclusion and exclusion
criteria such as including children and adolescents with overweight and obesity [31,65-71].
Our results are in line with theirs. The latest review, by Gao et al. [65], included studies
in children with obesity or overweight, and the results showed improvements in body
composition after AVG interventions. Hernandez-Jimenez et al. [66] performed a meta-
analysis showing a significant effect in favor of AVG on BMI in children and adolescents,
with greater results when the AVG intervention was applied to overweight or obese
children. Oliveira et al. [67] performed a systematic review focused on healthy-weight
children and adolescents and the results showed that AVG were effective in reducing weight
and BMI. Another systematic review [68] showed that most of the randomized controlled
trials reported that AVG interventions had a positive effect on BMI, body composition,
or body fat. A previous systematic review performed by Gao et al. [69] not focused on
obesity, concluded that AVG were a promising tool to promote PA and health, as long as the
AVG intervention is not home-based. In the systematic review by Norris et al. [70] which
included some articles with obese children, half of the included articles assessing BMI or
body composition reported positive effects following AVG intervention while the other
half reported no effect, but all AVG interventions of the studies included were carried out
at school. Two further systematic reviews [31,71] supported the findings, although being
among the first reviews on the effects of AVGs, quantitative analyses were not conducted
due to lack of articles. Lamboglia et al. [71] found that AVG led to an increased PA and
cardiorespiratory function and a decreased body fat, with a considerable potential to fight
obesity. Leblanc et al. [31] found that AVG helped to attenuate weight gain in overweight
and obese participants, including three articles added in the present systematic review. The
improvement of cardiometabolic health through AVG was inconclusive due to the small
number of articles at the time.

The results seem to establish a positive effect of AVG interventions on BMI when the in-
tervention was longer than 18 weeks and it was supervised and programmed. Home-based
AVG interventions may not be appropriated, probably because the duration, frequency
and even intensity were lower than that needed to improve BMI or body fat mass.

Quantitative Analysis of BMI

As shown in Figure 2, positive effects of the AVG interventions that lasted 18 weeks
or more were found for BMI, favoring AVG group compared with control group with no
intervention (SMD, —0.590; 95% IC, —1.071, —0.108), showing a moderate SMD effect size.
These positive results were not observed for AVG interventions lasting less than 18 weeks



Int. J. Environ. Res. Public Health 2021, 18, 6965 15 of 23

(SMD, —0.063; 95% IC, —0.299, 0.174). Heterogeneity among studies for BMI was very low
(1% = 0%; p < 0.424).

Positive effects have been shown on BMI in favor of the AVG group when the inter-
ventions lasted 18 weeks or more, but not when the AVG interventions lasted less. No
effects have been shown on percentage of body fat.

3.2.2. Cardiorespiratory Fitness

CRF were evaluated by six articles [35,36,38,48,50,51]. CRF was measured by different
tests such as the progressive aerobic cardiovascular endurance run test (PACER) [36,38],
the 20-m shuttle run test [35,51], the 3-min step test [48] and the half-mile run test [50].
Three out of six studies reported positive effects on CRF. In the first study reporting effects
of AVG in CRF, Lau et al. [51] found improvements in CRF in the AVG group compared
with a control group after an intervention with Xbox Kinect (1.58 mL-kg-min, 95% CI:
0.74 to 2.42; p = 0.001). Fu et al. [36] performed an 18-week AVG intervention. Authors
found an improvement of 20.8 laps in CRF measured by PACER after the AVG intervention
(p < 0.001), but not in the comparison group. Ye et al. [38] found an increase in CRF
in both combined AVG and PE (6.63 laps) and PE only (3.95 laps) groups, with greater
improvements for AVG group.

In three out of six studies, positive effects were not found after an AVG intervention.
A recent study performed by Gao et al. [48] showed no effects on CRF, measured by 3-min
step test, after a 12-week AVG intervention. The participants performed this intervention
at home, which can be an explanation for non-significant results. In a study with a sample
of 497 participants performed by Azevedo et al. [35], AVG group did not improve their
performance in 20-m shuttle run test after a 1-year program with a dance mats AVG
sessions in comparison with control group. Probably, more than two hours per week may
be needed to obtain benefits in CRE. Ye et al. [50] investigated the change in CRF after
an AVG intervention during a school year, where the participants played Xbox Kinect
and Nintendo Wii during playtime. Results showed no improvements in CRF after the
intervention in both AVG and control groups. These results could be due to a small sample
or due to the chosen test for the assessment cardiorespiratory fitness (time to complete a
half-mile run) which could be inaccurate.

Four non-controlled trials reported the effects of AVG interventions. Firstly, Owens et al. [63]
observed an increase in CRF from 34.3 & 9.6 to 38.4 £ 8.6 mL-kg-min, measured by the
Bruce Ramp Protocol, after 3 months of an AVG intervention with Wii Fit in which partici-
pants were encouraged to play at home. Similar results were found by Bethea et al. [64],
showing that CRF increased by 2.97 £ 4.99 mL-kg-min (p = 0.013), measured by 20-m shut-
tle run test, after an AVG intervention with DDR. On the other hand, George et al. [72], who
used the 6-min walk test to evaluate CRF in 15 children who participated in a 6-week AVG
intervention. No significant differences in the distance walked by participants after the
AVG intervention was found, indicating that CRF did not change over the study duration.
Probably a longer AVG intervention is needed to obtain benefits. Similarly, Gao et al. [73]
investigated the effects of a 6-week AVG intervention, showing no effects on CRF after
6 weeks. The results from these four studies should be interpreted with caution as they are
non-controlled trials and the sample was always small.

The conclusions of the present review are consistent with those of other reviews. Zeng
and Gao [68] included two randomized controlled trials, also included in the present sys-
tematic review, which reported positive effects of an AVG intervention in comparison with
an exercise group, but these results were unclear due to the lack of studies. Norris et al. [70],
reported two studies with improvements in CRF after AVG interventions compared to a
control group and one study found no difference between intervention groups. One of
these three articles has not been included in this systematic review because the study was
conducted in children with autism, being this an exclusion criterion. The interventions
of the studies included in the review were carried out at school. In 2014, an overview of
systematic reviews was performed by Kari [74] and the evidence did not support the AVG



Int. J. Environ. Res. Public Health 2021, 18, 6965 16 of 23

to increase CRF for significant health benefits. Two years later, this overview was updated,
and the results were similar [75]. In this updated overview, it was noted that additional
high-quality research and systematic reviews concerning AVG are needed, which supports
and justifies the present systematic review with meta-analysis.

AVG seems to be a good strategy for improving CRF, but more randomized controlled
trials are needed to confirm those benefits. Furthermore, this update of the evidence is
necessary as AVGs have been updated, offering more possibilities and more physical
demands in exercise sessions using AVG. Thus, in the older articles, AVG interventions
used the DDR, the play station with the Eye Toy and the Nintendo Wii, and in the more
recent articles, the Nintendo Wii and the Xbox with the Kinect are mainly used. Including
AVG strategies into the curricular program such as playtime or PE classes would not be the
best alternative. This may be because AVGs reduce the volume of PE rather than being a
tool to increase the PA performed in daily life. Instead, AVG included in extracurricular
activities could result most beneficial to improve CREF. It is also worth highlighting that no
maximal or submaximal incremental cardiopulmonary exercise test with a gas exchange
measurement has been performed for evaluating maximal oxygen uptake, despite this
being widely recognized as the best single index of aerobic fitness [76,77].

Quantitative Analysis of Cardiorespiratory Fitness

Some articles [48,50] were excluded from meta-analysis due to the use of different
measure tools, that reported CRF results in heart rate or time to perform a test, so improve-
ments will be shown by a decrease in the time or heart rate when performing those tests.
As shown in Figure 3, positive effects were found for CRF, favoring AVG group compared
with control group (SMD, 0.438; 95% IC, 0.022, 0.855), with a moderate SMD effect size.
Heterogeneity among studies for CRF was very high (I? = 82.9%; p = 0.001). The results
also showed a trend towards greater effects when compared to a control group without any
intervention (SMD, 0.585; 95% IC, —0.070, 1.240) than when compared to an intervention
with exercise (SMD, 0.128; 95% IC, —0.121, 0.377) (Figure 3).

Studies Estimate (95% C.1.) |

i
Fu etal. 2018 1.235 (0.704,1.766) i —_— .
Lau etal. 2016 0.542 (0.096,0.989) .
Azevedo et al. 2014 0.073 (-0.189,0.334) . :
Subgroup 0 (1°2=87.27 % , P=0.000) 0.585 (=0.070,1.240) !

_O—

1

1
Yeetal. 2018 0.128 (-0.121,0.377) ——.— :
Subgroup 1 (I"2=NA ,P=NA) 0.128 (-0.121,0.377) _ :

i

|
Overall (I1"2=82.9 % , P=0.001) 0.438 (0.022, 0.855) Q

1

T T a T 1
-2 -1 0 1 2
Standardized Mean Difference
Favouring control Favouring AVG group
group

Figure 3. Cardiorespiratory fitness effect sizes for AVG compared with control group. Analysis by control group; Subgroup 1:

control group with no intervention; Subgroup 2: exercise control group.

AVG interventions seem to have benefits in CRF but these results should be interpreted
with caution because few articles have been included and two articles have not been
included. More randomized controlled trials are needed to confirm those positive effects.

3.2.3. Muscular Fitness

From the nineteen controlled trials that focused on the effects of AVG on health-
related physical fitness and motor competence in children or adolescents with healthy
weight, only two articles evaluated muscular fitness. The first study that investigated the
effects of AVG on compiled muscular fitness of children and adolescents with healthy
weight was performed by Ye et al. [38] and muscular fitness was evaluated with three tests
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such as hand-grip dynamometry, push-ups and curl-ups after an AVG intervention using
Nintendo Wii and Xbox Kinect during PE class compared with PE only. The between-
group difference in the change scores of children’s musculoskeletal fitness was significant,
favouring the intervention group. The most recent study was conducted by Cifci et al. [60].
This study is a non-randomized controlled trial that investigated the effect of an 8-week
intervention with Xbox Kinect on muscular fitness of adolescents, evaluated by handgrip,
leg dynamometry and vertical jump. The children in the AVG group improved muscular
fitness, but no differences were found between the AVG group and the control group. The
difference between the effects in both studies could be due to two reasons: the length of
the intervention (9 months vs. 8 weeks) and the design of the intervention, where the AVG
intervention that showed positive effects included more AVG and was performed together
with the PE classes in the curricular program of schools. In short, AVG could be useful to
develop muscular fitness but positive effects of AVG on muscular fitness are unclear due to
the lack of evidence.

Two non-controlled trials evaluated the effects of Nintendo Wii on muscular fitness [63,78].
Owens et al. [63] evaluated the effect of a 3-month AVG intervention using Nintendo Wii
at home but results showed no effects on muscular fitness measured by push-ups test.
Probably, longer and supervised interventions were needed to obtain benefits on muscular
fitness because the time of use of Wii was significantly lower comparing the first six and
last six weeks of the intervention, with an average of 12.6 + 5.5 min per day of Wii use.
Smits-Engelsman et al. [78] showed improvements in muscular fitness and in anaerobic
fitness with several tests such as long jump, lateral step-up, sit to stand, 10 x 5-m sprint
and 10 x 5-m slalom, after a 5-week AVG. In spite of the short duration, there were positive
effects probably due to the supervision of professionals, which differentiates it from the
previous study.

3.2.4. Motor Competence

Ten studies evaluated the effect of AVG on motor competence and those articles often
evaluated also PA. Motor competence was reported by six articles using the TGMD-2 or
TGMD-3 [37,46,47,52,53,61], by two articles using the Movement Assessment Battery for
children and Bruininks—Oseretsky Test [54] and by three articles using the performance
of motor skills such as speed for kicking and throwing, maximum standing long jump
distance and hopping [38] or using a balance test with the HUR BT4TM platform [55,56].

Seven out of ten articles reported improvements in motor competence [37,46,47,52,54-56].
The most recent article about the effects of AVG in motor competence was performed by
Medeiros et al. and the results showed that AVG and PE group improved motor compe-
tence, with the control group improving performance on more of the motor skills included
in the TGMD-2 than PE group. Fu et al. [37] studied the effect of AVG such as GoNoodles,
Adventure to Fitness, and Cosmic Kids Yoga performed in regular school class time on
motor competence of preschool children. Children in the AVG group played 30 min of AVG
with a frequency of 5 days per week, over 12 weeks while control group had free-play ses-
sions instead of AVG sessions. The results showed that AVG group obtained higher overall
TGMD-3 scores and higher step counts than control group (mean difference = 8.7, p = 0.019,
d = 0.51). Another randomized controlled trial performed by McGann et al. [47] compared
the effect of AVG and adapted AVG focused on motor competence improvement. A suite of
purpose-built exergames with adaptable features were designed for the intervention group
of this study. Four new games were developed using Scratch that was linked to the Kinect®
via Kinect2Scratch, each targeting specific locomotor skills (hop, skip, jump and slide).
There are three new games: Hop Ball, Jump Ball and Slide Ball; and an existing game: Alien
Attack. Participants in both groups played AVG daily for 8 weeks and the results showed
improvements in TGMD-2 scores, with a better performance of the group using adapted
AVG focused on motor competence. Vernadakis et al. [52] investigated the effects of an
8-week AVG with 60 min per week of Xbox Kinect sessions on object control skills, a part
of TGMD, in comparison with a group performing a traditional motor competence training
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program and in comparison with a no-intervention control group. Great improvements
were found for AVG group and traditional motor competence training group but not for
control group. Besides, AVG group showed higher enjoyment scores measured by PA
enjoyment scale than traditional motor competence training group. Mombarg et al. [54]
investigated the benefits of a 6-week intervention performing 5 days per week of 50-min
sessions with Nintendo Wii on the motor competence, assessed by the Movement Assess-
ment Battery for children and Bruininks-Oseretsky Test. The results showed that both
AVG and the no-intervention control group showed improvements in motor competence.
Balance scores of the AVG group improved significantly, whereas those of the control group
showed no significant progress. There were significant interaction effects on balance scores,
favoring the AVG group. Two articles written by Sheehan et al. [55,56] investigated the
effectiveness of AVG on the improvement of balance, assessed by a balance test with the
HUR BT4™ platform. One of the interventions of the articles included iDance™, XR
Board™ /Lightspace™, and Wii Fit™ Plus [55], while the other article only included Wii
Fit™ Plus in the intervention [56]. Both studies compared the AVG group with two control
groups: a control group performing ordinal PE curriculum classes and a control group
performing PE classes geared toward agility, balance, and coordination improvement. The
period of intervention for AVG and control groups lasted 6 weeks and the classes were
performed 3 days per week for 34 min each. In both studies, AVG group and the control
group performing PE classes geared toward agility, balance, and coordination improvement
improved their postural stability significantly compared to the control group performing
the curricular PE classes.

Three out of ten articles reported no positive effects or no differences between groups
in motor competence [38,53,61]. The first study that investigated the influence of AVG in
motor competence in children with healthy weight was performed by Johnson et al. [53]. A
6-week AVG intervention with 5 days per week of 50-min Xbox sessions were performed
and found no effects or differences between AVG and control groups. Gao et al. [61], previ-
ously described, showed a significant time effect for motor competence (F(1, 52) = 15.61,
p < 0.01, h?p = 0.23) and a significant group by time effect for MVPA (F(1, 52) = 5.06, p < 0.02,
h%p = 0.09). Ye et al. [38] reported results that showed improvements in object control skills
in both AVG and PE groups, with PE group demonstrating greater improvements.

The importance of motor competence, together with muscular fitness, lies in their close
bidirectional relationship with PA and sports participation, which can improve the physical
fitness and body composition of children and adolescents. By increasing muscle strength
and motor skills of children and adolescents it is possible that also they will become more
physically active, and therefore healthier [11,14].

The use of different tests or batteries for measuring motor competence, the diverse
types of control groups and the variety of interventions make it impossible to perform
meta-analyses. However, AVG seems to be a promising option in order to help children
developing motor skills. A limitation of the results of AVG for improving motor skills was
the length of the AVG interventions. Most of the included AVG interventions lasted 8 weeks
or less. Only two out of nine articles included an AVG intervention of longer duration,
performed by Ye et al. [38] with an intervention s length of 9 months and Fu et al. [37]
with an intervention “s length of 12 weeks.

Two non-controlled trials investigated the effect of an AVG intervention with Nintendo
Wii on motor competence assessed by the Movement Assessment Battery for Children [72]
or the Bruininks—-Oseretsky Test-2 [78]. George et al. [72] found non-significant effects
on motor competence, higher in boys than in girls, after 6 weeks of an AVG intervention.
Smits-Engelsman et al. [78] showed an improvement in motor competence, specifically in
speed and agility (part of the Bruininks—Oseretsky test) but not in balance, after a 5-month
AVG intervention with Nintendo Wii.

The results of the present systematic review are consistent with those of other previ-
ous reviews with different inclusion and exclusion criteria. The most recent systematic
reviews [79,80] were performed including studies with non-typically developing children,
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developmental coordination disorders and other diseases; one of the reviews even includes
adults. Some limitations can be found in these systematic reviews such as the inclusion
of non-controlled trials or cross-sectional studies. The results of both systematic reviews
were in agreement with the conclusions of the present systematic review and showed that
AVG seem to have positive effects on motor skills and could be considered as a potential
strategy to develop and improve motor skills. In addition, all 5 studies included in the
Norris et al. [70] review reported improvements in motor competence following AVG inter-
vention performed at school, but no studies found differences in motor skill improvements
between AVG and other motor skill intervention programs. In the studies included in
the review participated children and adolescents without disorders and students with
balance disorders.

Overall, the results of AVG on motor competence in children and adolescents with
healthy weight are still unclear, but AVG seems to be a promising tool for enhancing motor
competence. PA could be a variable to take into account to improve motor competence,
considering the direct relation between PA and motor competence [81,82]. AVG increase
light-to-moderate PA and energy expenditure [28-33], which contributes to improving
motor competence. Thus, AVG can be used to enhance motor competence, directly or
indirectly through PA.

4. Limitations

Some limitations of this review should be recognized. A wide variety of AVG inter-
ventions have been included, with different devices and training interventions (duration,
frequency, training setting or training dynamic and type of AVG). In addition, the potential
risk of bias of some articles was not taken into account when interpreting the results. Lastly,
some analyses by subgroups were not performed due to the small number of controlled
trials. The present study has also several strengths. To the best of the authors” knowledge,
this is the first meta-analysis to summarize the current research on the effects of AVG
on health-related physical fitness and motor competence in healthy-weight children and
adolescents. This analysis included not only the effects of AVG on BMI, but on body com-
position, CRE, muscular fitness and motor competence. This study allowed us to realize
that more randomized controlled trials reporting motor competence and muscular fitness
results are needed.

5. Perspectives

It is necessary to establish the guidelines for an effective intervention using AVGs. It
seems that the most effective application of an AVG intervention is sufficient duration (at
least 18 weeks) and a structuring and planning of that intervention, in fact, the optimal
structure and overall training dose is still unknown being possibly the main factor affecting
the effectivity of the AVG. In addition, most of the scientific evidence that has studied AVG
interventions combined with traditional exercise lacked a control group to compare the
effects, and these AVG interventions seem to be promising, but randomized controlled
trials are needed to investigate the effects of these AVG interventions.

Finally, there are few articles studying the effects of an AVG intervention on mus-
cular fitness and motor competence, which are components of the PIT observed by
Faigenbaum et al. [14], together with exercise deficit disorder. Randomized controlled
trials are recommended in order to investigate the effects of AVG interventions on muscle
strength and motor skill to learn about the possibilities of these types of interventions for
breaking the vicious circle of PIT.

6. Conclusions

AVGs could be a good strategy to control the BMI status and body fat percentage, and
to enhance CRF provided that the AVG interventions are supervised and structured, and
last at least 18 weeks. Children and adolescents with healthy weight could benefit from
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AVG to improve motor competence and muscular fitness, but further research is needed to
confirm these results because the effects are still unclear.

In conclusion, AVG seem to be an effective tool for improving some components
of health-related physical fitness and look like a promising tool also for improvements
in motor competence in children and adolescents with healthy weight, which could be
important in combating the pediatric inactivity triad. AVGs can even be considered
as a complementary alternative to traditional exercise for enhancing the health status
during childhood.
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