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Abstract

Introduction: over 80% of children and adolescents fail to meet physical activity recommenda-
tions, leading to declines in muscular and cardiorespiratory fitness and rising obesity rates. Ex-
ergames—digital games requiring physical movement—are a promising tool to promote activ-
ity in youth.

Objective: to determine the effects of exergames on muscular fitness, cardiorespiratory fitness,
and body composition in children and adolescents.

Methodology: a search was conducted in Web of Science, Scopus, CINAHL, and PubMed data-
bases, including randomized controlled trials published in the last 10 years. Studies were ex-
cluded if they involved participants with disabilities or used exergames for rehabilitation or
hospital-based interventions.

Results: a total of ten studies were included: three out of five studies reported improvements
in muscular fitness, seven out of nine in cardiorespiratory fitness, and five out of nine in body
composition. The most effective interventions occurred 2-3 times per week, for 40-60 minutes
per session, over at least 12 weeks.

Discussion: while outcomes are promising, differences in study design, duration, and assess-
ment tools may have affected consistency across results.

Conclusion: exergames appear effective for improving health-related fitness in children and ad-
olescents, providing a fun and accessible way to increase physical activity through technology.

Keywords
Body composition; cardiorespiratory fitness; exergames; muscular fitness.
Resumen

Introduccién: mas del 80% de los nifios, nifias y adolescentes en el mundo no cumple con las
recomendaciones diarias de actividad fisica, lo que contribuye a un deterioro temprano de la
condicién muscular y cardiorrespiratoria, junto con un aumento en las tasas de sobrepeso y
obesidad. Los exergames —videojuegos con movimiento corporal— han surgido como una es-
trategia innovadora y atractiva para fomentar la actividad fisica en la poblacién infantojuvenil.
Objetivo: determinar los efectos de los exergames sobre la capacidad cardiorrespiratoria y mus-
cular, en conjunto con la composicién corporal en nifios, nifias y adolescentes.

Metodologia: se realizé una busqueda en las bases de datos Web of Science, Scopus, CINAHL y
PubMed para identificar ensayos clinicos aleatorizados publicados en los ultimos 10 afios. Se
excluyeron estudios con participantes que presentaran discapacidades, asi como aquellos en
los que los exergames se utilizaron en rehabilitacién o en intervenciones hospitalarias.
Resultados: se incluyeron diez estudios. De ellos, 3 de 5 informaron mejoras en la condicién
muscular, 7 de 9 en la aptitud cardiorrespiratoria y 5 de 9 en la composicién corporal. Las in-
tervenciones mas efectivas se realizaron entre 2 y 3 veces por semana, durante 40-60 minutos
por sesidn, por al menos 12 semanas.

Discusidén: aunque los hallazgos sugieren beneficios en la condicién fisica, la heterogeneidad en
los diseflos y métodos puede haber afectado la consistencia de los resultados.

Conclusiones: los exergames representan una herramienta prometedora para mejorar la con-
dicidn fisica relacionada con la salud en poblacién infantil y adolescente.

Palabras clave

. ____________________________|
Composicion corporal; condicion cardiorrespiratoria; fuerza muscular; videojuegos activos
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Introduction
|
The obesity pandemic is a complex global problem that has been present for several decades among the
population, including children and adolescents. The World Health Organization (WHO) defines it as the
excessive accumulation of body fat, resulting in a significant risk to health and well-being (Jebeile et al.,
2022; Mittal & Jain, 2021). It results from the imbalance between caloric intake and lack of physical
activity levels, as well as other factors influenced by the environment, such as socioeconomic status,
public policies, food choices, cultural eating behaviors, and genetic factors (Pinheiro, 2022; Mittal & Jain,
2021; Stabouli et al., 2021). The global prevalence of obesity and overweight in the population was over
300 million individuals aged five to 19 years in 2016 (Di Cesare et al., 2019; Fonvig et al., 2021; Stabouli
etal, 2021), with 124 million of them being obese. Among children under five years old, the prevalence
of overweight and obesity was around 40 million infants (Di Cesare et al., 2019; Stabouli et al., 2021).
Moreover, it is estimated that by 2030, obesity in children and adolescents aged five to 19 will exceed
250 million (Jebeile et al., 2022), which will contribute to reduced physical fitness in the pediatric pop-
ulation (Drenowatz et al., 2022). Physical fitness is defined as the ability to carry out physical activities
according to daily demands, including muscular strength, cardiorespiratory capacity, and body compo-
sition (Powers & Howley, 2015). Cardiorespiratory fitness refers to the ability to resist fatigue during
prolonged activities, where it is essential to transport adequate amounts of oxygen to the muscle groups
involved in ATP synthesis (Nifio, 2010). This capacity can be assessed through tests that require signif-
icant cardiopulmonary effort (Secchi et al., 2013). Meanwhile, muscular strength is the fundamental
conditional quality defined as the ability of a muscle group to generate tension at a specific speed against
a determined resistance (Garcia et al., 2010). Both muscular strength and cardiorespiratory fitness are
strong predictors of life quality and expectancy (Appelqvist-Schmidlechner et al.,, 2020). It has been
demonstrated that good levels of muscular strength and cardiorespiratory fitness act as protective fac-
tors against various diseases, such as cardiovascular disease and type 2 diabetes mellitus (Mandsager
etal, 2018; McLeod et al,, 2016; Genovesi & Parati, 2020). Therefore, evaluating muscular strength and
cardiorespiratory fitness is essential not only to determine an individual’s physical state but also to pre-
dict long-term health and quality of life by preventing chronic diseases.

In the school context, exergames (from exercise and games), have emerged from the need to combine
technologies with physical activity (Medeiros et al., 2017) where the video game industry has incorpo-
rated the concept of natural interaction, developing peripheral controls that allow a greater immersion
in the game using emerging technologies (Mufioz et al., 2013).

Exergames can promote physical activity, enhance motor competence, generate psychological and social
benefits, improve physical fitness and body composition, and increase students' motivation to partici-
pate in physical education classes. Exergames can be integrated into physical education sessions in a
structured manner, particularly through games inspired by dance, sports, action and adventure, or a
combination of these. Their effectiveness has been demonstrated in reducing sedentary behavior and
promoting participants' overall health (Marin-Suelves, Guzman, & Ramon-Llin, 2022).

In the 1990s, the first exergames were introduced as tools to support high-performance sports training.
These early games aimed to enhance athletic performance through interactive movement-based exer-
cises. However, it was not until 1998 that Dance Dance Revolution 1st Mix emerged as one of the first
exergames designed for the general population. This game featured a dance competition where players
stepped on a pressure-sensitive mat, integrating physical activity with gameplay (Castro et al., 2017).

Subsequently, with advancing technology, in 2007, Nintendo launched the Wii console, and by 2010,
Microsoft created the Kinect device, marking a significant development in exergames (Castro et al,,
2017). These new technologies were implemented to complement individuals' sports needs during ex-
ercise (Ramirez-Granizo et al., 2020), as exergames contain tools that allow people to move within a
virtual reality, promoting players to be more active through virtual sports, interactive and playful activ-
ities that are executed with movements, gestures and voices, among others (Medeiros et al,, 2017).

In this sense, integrating exergames into daily life could help children and adolescents meet the recom-
mended levels of daily physical activity (Medeiros et al., 2017). However, given the wide variety of ex-
ergames that exist, it is difficult to make a standard recommendation based on this model of exercise
method to improve muscular strength, cardiorespiratory fitness, and body composition. Therefore, a
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systematic review was conducted to determine the effect of exergames on muscular strength, cardi-
orespiratory fitness, and body composition in children and adolescents, based on the existing evidence
from randomized clinical trials in various databases over the past 10 years.

Method
|
This review was conducted following the PRISMA methodology (Page, 2021) and considered the follow-
ing aspects as inclusion criteria: 1) Children and adolescents with normal weight, overweight, and/or
obesity, 2) The participants' age ranged between 6 and 18 years, 3) The types of articles considered
were randomized controlled trials and randomized clinical trials (control group vs. intervention group),
4) At least one outcome related to muscular fitness, cardiorespiratory capacity, cardiovascular fitness
(blood pressure, heart rate) physical condition and/or body composition, 5) Articles published in the
last 10 years, 6) Medical intervention period between two and six months (24 weeks).

Regarding the exclusion criteria, this review considered: 1) Children and adolescents with physical, vis-
ual, auditory, or intellectual disabilities, 2) Protocols that consider exercise as a form of rehabilitation,
3) Children and adolescents with cardiovascular, respiratory, renal, or muscular diseases requiring in-
trahospital physical exercise.

The search was conducted on August 14, 2023, and included articles published from 2013 onwards,
using the PICOT (McClinton, 2022) search method. The search strategy for PubMed, Scopus, CINAHL,
and WoS were based on the PICOT strategy (population, intervention, comparison, outcome, and time
or type of research/publication) (Pefiaherrera Oviedo & Soria Viteri, 2015), shown in Table 1.

Table 1. PICOT Strategy

1 Population (("children") OR ("adolescent*") OR ("teenager") OR ("teen*"))

2 Intervention (("exergame*") OR ("exergames") OR ("Wii") OR ("kinect") OR ("active video games") OR ("video game*"))
3 Comparation No comparation

4 Outcome (("fitness") OR ("physical fitness") OR ("body composition") OR ("cardiovascular fitness") OR ("strength")

OR ("muscular fitness") OR ("muscular power")) NOT (("rehabilitation") OR ("disability*"))

Time or type of re-

search/publication

6 Search Strategy 1 AND 2 AND 4
OR-AND-NOT: boolean operators

Randomized controlled trial or experimental research with control group and pre/post comparation.

Study Selection and Data Collection

The studies were imported into the EndNote reference manager, where the first step was to remove
duplicates. After that, the selection of articles based on their title and abstract was carried out. Finally,
each article was read, and those that did not meet the inclusion criteria were excluded. In the identifica-
tion phase, a total of 773 potentially relevant records were identified from WoS (N=247), Scopus
(N=327), CINAHL (N=56), and PubMed (N=143) databases, 238 duplicate records were removed using
EndNote, leaving 534 records. In the screening phase, the titles and abstracts of the selected records
were reviewed, resulting in 77 articles.

Following a full-text review, 66 articles were excluded for the following reasons:

) 41 were not clinical trials or randomized controlled trials.

° 6 did not report outcomes related to physical fitness or body composition.

) 8 could not be accessed.

° 1 did not involve exergames.

° 3 did not meet the age range of 6-18 years.

° 1 assessed only acute responses.

° 1 had only a single intervention session.
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° 2 lacked a clearly defined intervention.
° 3 did not meet the intervention period requirement of at least 2 weeks.

After applying the inclusion and exclusion criteria, ten articles were included in this systematic review
(figure 1).

Figure 1. Flow Chart of the Search Performed Considering the PRISMA Statement (Page, 2021)
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Risk of Bias Assessment

Reports assessed for eligibility
(n=77)

The risk of bias assessment was performed by authors CPA and CMG using the Cochrane Collaboration’s
Risk of Bias 2 (RoB 2) tool to evaluate the risk of bias (Sterne et al., 2019) of the 10 studies included-
Figures 2 and 3 show the RoB 2 assessment of the selected studies. For overall bias, 20% of the studies
were rated as "high risk" of bias (Chen & Sun, 2017; Martinez-Ldpez et al,, 2022), 30% were rated as
"some concerns” (Bonny et al,, 2019; Comeras-Chueca et al., 2022; Ketelhut et al., 2022), while 50%
were rated as "low risk" of bias (Lau, Wang, & Maddison, 2016; Coknaz et al., 2019; Irandoust et al.,
2020; Staiano et al,, 2017; Staiano et al.,, 2018). For randomization, 20% were classified as "high risk" of
bias, while 70% were rated as "low risk" of bias. For deviations from the intended interventions, 70%
of the studies were classified as "low risk" of bias. Finally, for the selection of reported outcomes, 90%
of the studies were rated as "high risk" of bias (Figure 1 and Figure 2).

Figure 2. ROB2 Risk of Bias by Domain Score
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Figure 3. ROB2 Risk of Bias Based on Risk Percentage
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Results

A total of ten articles focused on the use of exergames to improve muscular strength, cardiorespiratory
fitness, and body composition in children and adolescents. The descriptive results of each selected
study—Bonney et al. (2019); Chen & Sun (2017); Coknaz et al. (2019); Comeras-Chueca et al. (2022);
Irandoust et al. (2020); Ketelhut et al. (2022); Lau, Wang, & Maddison (2016); Martinez-Lopez et al.
(2022); Staiano et al. (2017); Staiano et al. (2018); are presented in Table 2. The following coding was
used to extract the data: (1) Author, (2) Population/Sample, (3) Methodology/Intervention, and (4) Out-
comes (table 2).

Table 2 Summary of Major Findings on the Impact of Exergames on Physical Fitness and Body Composition in Children and Adolescents
Autor Population/Sample Metodology/Intervention Outcomes
Wii fit. 1 session per week of 45 min for 14 weeks.
jogging, slalom skiing, Hula Hoop, half-moon, obstacle
course, basic steps, single leg extension, kung fu, sun saluta-

*POST v/s PRE both TFT and

52 females 13-16 years tion and Just Dance. Wiifit group:
Bonney, et al. Kb Olg' . Category: Sport, Dance. TAerobic fitness (20 m out-
(2019) Task-based training and-back running test)
group: n=26 TFT (Task Oriented Functional Training) '
o _ . . . . TKnee extensor strength.
Wii fit group: n=26  consisted of 3 components including dance to music, goal- . .
. . . - TAnaerobic fitness (5 m sprint test
directed activities (e.g., throwing to targets, emptying boxes, :
. : A straight and slalom).
walking and running) and team activities. games (e.g., tag,
relay, hide-and-seeKk).
Kinect. 3 sessions of 40 min for 6 weeks.
Zumba Kids (used for eight sessions) and Just Dance Kids ~ *Group Kinect AVG v/s SPARK inter-
65 students of 3rd and 201.4 vention POST intervention:
4th grade of 9-10 years Category: Dance.
TAerobic fitness (increased PACER test
Chen & Sun. old. hysical Ed . P
(2017) Physical education SPARK Physical Education performance).
Foup: n=29 Core lesson content was drawn from the SPARK K-5 curric- TMVPA.
group: n=23. ulum,26 including, but not limited to, snakes and lizards,

AVG group: n=36. builders and dozers, aerobic bowling, hospital tag, plentiful < BMI

fuss, flip-flops, centipede bucket brigade, perimeter move- <Performance curl-ups and push-ups.
ment, capture the flag, addition tag, and blob tag.
Nintendo wii. 3 sessions per week of 50-60 minutes for 12
weeks.

(boxing, tennis, golf, baseball and bowling), balance (slalom

106 children between  skiing, pitching, balance bubble, ski jumping and penguin
3rd and 6th grade game), aerobics (rhythmic boxing, hula-hoop, cycling, step
(mean age 10 years). and run), station (jet-skiing, water skiing, table tennis, bas-

*AVG group v/s control group POST in-
tervention:

Coknaz et al. IMean values and BMI z-score.

(2019) Control group: n=53  Ketball, fencing, archery, canoeing and frisbee) and training lwsu?ﬂ?:;:gg;%iﬂ gla?l(()irsnmant
AVG group: n=53 (rhythmic kung fu, snowball, spinning ball, Segway circuit, ’
perfect 10, skateboard, mancllzl)m, obstacle course and bicy- —%Body Fat
Category: Sports.
*POST v/s PRE both AVG group and
3 sessions per week of 60 minutes for 5 months. control group:
29 boys and girls with Various AVG + multicomponent exercise using XBOX Kinect:
: : g ” s ” TTotal lean mass.
Comeras- obesity and overweight Kinect Adventures” and “Kinect Sport”.
Chuecaetal. (meanage of 10 years). Nintendo Wii®: “Wii Sports”, “Just Dance”, and “Mario and . .
(2022) Control group: n=8 Sonic at the Olympic Games”. Dance mats using “Dance POST v/s PRE AVG group:
AVG group: n=21 Dance Revolution” and “Mario and Sonic at the Olympic . . . .
" . " TKnee extension maximal isometric
Games” adapted from the Nintendo Wii to the dance mats.
strength.
THand grip strength.
Sy,

O

)

[
l s zuzLI
A

4

S



2025 (junio), Retos, 67,917-928

ISSN: 1579-1726, eISSN: 1988-2041 https:/ /recyt.fecyt.es/index.php/retos/index

TJump height (CM]) along with the z-
score of the CM] test.
TMotor competence.
TPhysical activity light intensity.

<BMI

Kinect. 3 sessions per week of 60 minutes for 12 weeks.
Wii Sports, Kinect
Ultimate Sports, Wii Fit and Just Dance
Category: Sports, Dance.

61 obese children (mean
age 9 years).

Irandoust et al.

(2020) VGG group: n=21

Aquatic exercise group
(AEG): n=20
Control group: n=20

Aquatic Exercise

laps, and spinning lunges.

Jumps, high knees, punches, quick kicks, back kicks, running

*POST v/s PRE both VGG group and
AEG group:

|Body weight.
| BMI
TPulmonary function (improved forced
vital capacity [FVC] and forced expira-
tory volume in 1 second [FEV1]).

*VGG and AEG group v/s control group
POST intervention:

lBody weight.
IWHR (waist-to-hip ratio).
| BMI
TPulmonary function (improved forced
vital capacity [FVC] and forced expira-
tory volume in 1 second [FEV1]).

<% Body fat

*POST v/s PRE AVG group:

TJump height (CM]).
ST test performance.
TAerobic capacity (SRT test).

ExerCube. 2 sessions per week of 20 minutes for 12 weeks < BMI
58 students (mean age : o - - . . .
in addition to regular physical education classes. <WHR (waist/hip ratio).
Ketelhut et al. 10 years). . :
Control group only performs physical education classes.
(2022) AVG group: n=18 « .
Sphery Racer POST v/s PRE group GC:
Control group: n=16
Category: Sports.
lJump height (CM]).
©ST test performance
<aerobic capacity (SRT test).
< BMI

<WHR (waist/hip ratio).
X175 .
80 children between 8  Kinect. 2 sessions per week of 60 minutes for 12 weeks. Kinect group POST v/s PRE:

Lau, Wang, & . . ) .
. and 11 years old. bowling, boxing, track and field, table tennis, beach volley-
Maddison L . T VOzmax.
(2016) AVG group: n=40 ball, soccer, golf, darts, baseball, skiing, tennis and soccer.
Control group: n=40 Category: Sports. 1BMI

164 Spanish adolescents

between 12 and 15  Cellular/Smartphone. 40 minutes on average per day for 8
Martinez-Lépez years old. weeks.
etal. (2022) Intervention group: Pokemon GO
n=78 Category: Exploring and walking games.

Control group: n=86

*POST v/s PRE intervention group:

T Cardiorespiratory capacity (20m
run).

o Agility test 4x10m
<Horizontal jump test
©%GC
| BMI

*Intervention group v/s control POST
intervention:

T Cardiorespiratory capacity (20m
run).
©Agility test 4x10m
—Horizontal jump test
©%GC
| BMI

41 overweight and
obese girls between 14
and 18 years old.
Intervention group:
n=22
Control group: n=19

Kinect. 3 sessions per week of 60 minutes for 3 months.
Staiano etal.
(2017) Central (versions 2 and 3).

Category: Dance.

*Intervention group v/s control group
POST intervention:

Just dance (versions 3, 4, 2014 and Greatest Hits) and Dance | Abdominal, subcutaneous and total

adiposity.
T BMD of trunk and spine.

< BMI

45 overweight and Kinect. 3 sessions per week of 60 min for 24 weeks.
obese children between Your form: Fitness Evolved 2012, Just Dance 3, Adventures
10 and 12 years old. in Disneyland and Kinect Sports (Season 2).

Staiano et al.
(2018)

*Intervention group v/s control group
POST intervention:
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Intervention group: Category: Dance, Sports. IBMI z-score.
n=22 ISystolic blood pressure.
Control group: n=23 IDiastolic blood pressure.
lTotal cholesterol
ILDL.
TMVPA.

<BMD.
T; Significant increase. |; Significant decrease. «<»; No significant change. %GC: Body Fat Percentage, AVG: Active Video Games, BMD: Bone
Mineral Density, BMI: Body Mass Index, CM]J: Countermovement Jump, FEV1: Forced Expiratory Volume in 1 Second, FVC: Forced Vital Capacity,
LDL: Low-Density Lipoproteins, MS: Muscle Strength, MVPA: Moderate-Vigorous Intensity Physical Activity, PACER: Progressive Aerobic Car-
diovascular Endurance Running, RT: Reaction Time, SRT: Sitting-Rising Test, ST: Sprint Test, VO2 max: Maximum Oxygen Consumption, WHR:
Waist Hip Ratio.

Source: Prepared by the authors.

Muscular Fitness

Of the articles included for this systematic review, five reported evaluations related to muscular fitness
(Bonney et al,, 2019; Chen & Sun, 2017; Comeras-Chueca et al., 2022; Ketelhut et al., 2022; Martinez-
Lépez et al,, 2022), where three of them reported improvements (Bonney et al.,, 2019; Comeras-Chueca
et al,, 2022; Ketelhut et al., 2022), while two did not report significant changes related to this variable
(Chen & Sun, 2017; Martinez-Lépez et al,, 2022). Exergaming exercises using platforms such as Wii Fit,
Xbox Kinect, and virtual reality systems that incorporate dance, sports, and multicomponent training
models have been shown to enhance muscle strength-related variables in overweight or obese children
and adolescents aged 9 to 16 years. These interventions performed two to three times per week over a
period of three to five months, with session durations ranging from 20 to 60 minutes, have been associ-
ated with increased knee extension isometric strength (Bonney et al., 2019), handgrip strength,
(Comeras-Chueca et al., 2022); and countermovement jump height (Ketelhut et al., 2022).

Cardiorespiratory Fitness

Regarding studies related to cardiorespiratory fitness, these accounted for seven studies, (Bonney et al,,
2019; Chen & Sun, 2017; Irandoust et al., 2020; Ketelhut et al., 2022; Lau, Wang, & Maddison, 2016;
Martinez-Lopez et al.,, 2022; Staiano et al., 2018;), all of which demonstrate significant improvements in
this outcome. Exergaming interventions that incorporate augmented reality models like Pokemon Go,
dance, sports and virtual reality systems have been shown to enhance cardiorespiratory fitness in chil-
dren and adolescents aged 8 to 16 years. These activities, performed two to three times per week over
a period of 6 to 24 weeks, with session durations ranging from 40 to 60 minutes, have been associated
with significant improvements in maximal oxygen consumption (VO,max) (Lau, Wang, & Maddison,
2016, ), aerobic endurance (Bonney et al., 2019; Chen & Sun, 2017; Ketelhut et al., 2022; Martinez-Loépez
et al,, 2022),pulmonary function (Irandoust et al., 2020), and also decreases blood pressure (Staiano et
al,, 2018).

Body Composition

Another aspect considered for this review was body composition evaluation with improvements in body
composition reported in six studies (Coknaz et al., 2019; Comeras-Chueca et al,, 2022; Irandoust et al.,
2020; Martinez-Lépez et al., 2022; Staiano et al,, 2017; Staiano et al., 2018) of nine studies that evaluated
body composition. Conversely, two studies reported no changes in this outcome (Chen & Sun, 2017;
Ketelhut et al., 2022;). One study showed a significant increase in body mass index (Lau, Wang, & Mad-
dison, 2016). Exergaming interventions like Pokemon Go, dance, sports and immersive games have been
shown to significantly improve body composition in children and adolescents aged 9 to 18 years. These
interventions, performed two to three times per week over a period of 8 to 24 weeks, with session du-
rations ranging from 40 to 60 minutes, have been associated with reductions in body weight (Irandoust
et al., 2020), decreases in body mass index (BMI) (Irandoust et al., 2020; Staiano et al. 2018; Martinez-
Lépezetal, 2022), decreases total adiposity (Staiano et al., 2017), improves the waist-to-hip ratio (Iran-
doustetal, 2020), increases lean mass (Comeras-Chueca et al., 2022) and bone mineral density (Staiano
etal, 2017).

Sy,

B 923
AL



2025 (junio), Retos, 67,917-928 ISSN: 1579-1726, eISSN: 1988-2041 https:/ /recyt.fecyt.es/index.php/retos/index

Sport and Dance-Themed Games

In the studies where the exergame intervention involved sports and dance-themed games, improve-
ments were observed in cardiorespiratory fitness (Bonney et al.,, 2019; Irandoust et al., 2020; Staiano et
al,, 2018), muscular strength (Bonney et al., 2019; Comeras-Chueca et al.,2022), and body composition
(Irandoust et al., 2020; Staiano et al., 2018; Comeras-Chueca et al.,2022). These interventions were
structured with one to three sessions per week, lasting 40-60 minutes, over periods of 12 (Irandoust et
al,, 2020), 14 (Bonney et al., 2019), 24 weeks (Staiano et al., 2018), and five-months (Comeras-Chueca
et al,2022) respectively.

Dance Games

In studies where only dance-themed exergames (Dance) were used, improvements were found in car-
diorespiratory fitness (Chen & Sun, 2017) and body composition (Staiano et al., 2017). The intervention
designs consisted of three sessions of no more than 60 minutes, over periods of six weeks (Chen & Sun,
2017) and three months (Staiano et al,, 2017), respectively.

Sport-Themed Games

Other studies that only used sports-themed exergames (Sports) showed improvements in cardiorespir-
atory fitness (Lau, Wang, & Maddison, 2016; Ketelhut et al., 2022), muscular strength (Ketelhut et al.,
2022), and body composition (Coknaz et al.,, 2019), implementing two to three sessions per week, with
durations of 20 (Ketelhut et al., 2022) and 40-60 minutes (Coknaz et al., 2019; Lau, Wang, & Maddison,
2016), all over a 12-week period.

Exploring and Walking Games

In the study by Martinez-Lopez (2022), the Pokémon Go exergame was used, showing improvements in
both cardiorespiratory fitness and body composition. The intervention design involved 40 minutes of
daily exercise over an 8-week period.

Discussion
__________________________________________________________________________________________________________________|
The aim of this review was to determine the effect of exergames on muscular strength, cardiorespiratory
fitness, and body composition of children and adolescents, based on the existing evidence from random-
ized clinical trials over the past 10 years.

Of the articles considered for this systematic review, eight reported evaluations related to cardiorespir-
atory fitness, of which seven showed significant improvements. Regarding the studies that evaluated
muscular strength, three reported improvements, while two did not show significant changes. Lastly, in
terms of body composition, nine articles assessed this variable, with six showing significant improve-
ments in some body composition parameters, and one reporting a significant increase, which the re-
searchers suggest that this could be associated with the biological growth of the participants (Lau, Wang,
& Maddison, 2016).

Based on the analyzed articles, there is evidence supporting exergames as a strategy to improve physical
fitness and body composition. A trend was observed in studies using only sports-themed games, which
resulted in improvements in muscular strength (Coknaz et al., 2019; Ketelhut et al., 2022), versus those
using only dance-themed games, which did not show improvements in strength but did show improve-
ments in cardiorespiratory fitness and body composition (Chen & Sun, 2017; Staiano et al., 2017). More-
over, few studies combined both types of games. However, one of these studies showed improvements
in muscular fitness, cardiorespiratory capacity, and body composition (Bonney et al., 2019). Therefore,
it could be suggested that, in interventions using exergames and aiming to improve cardiorespiratory
fitness, muscular fitness, and body composition, it would be beneficial to combine sports and dance ex-
ergames. However, aspects such as session volume, load or intensity, and rest periods, among others,
require further research.

The lack of specific details on crucial aspects, such as the heart rate reached by participants during each
dance or sports-themed game, perceived exertion per session, the number of game sets performed per
session, and other relevant variables make it difficult to establish specific exercise sessions aimed at
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improving cardiovascular fitness, muscular fitness, or body composition—resulting only in general rec-
ommendations for the use of exergames to enhance physical fitness. These aspects are essential for es-
tablishing a causal relationship between the training performed and the resulting physiological adapta-
tions and performance (Etxebarria et al., 2019). Therefore, the lack of detailed data makes it extremely
challenging to draw definitive conclusions or conduct a thorough analysis of the reasons behind the
absence of improvements in these studies.

[t should also be noted that the studies by Ketelhut (2022) and Comeras-Chueca (2022) faced challenges
in executing the research as planned due to the COVID-19 pandemic, which caused unforeseen events
and changes in the completion of the research, leading to certain biases during their development (Table
2).

Despite the above, this review highlights the effectiveness of exergames as a valuable alternative in the
realm of physical exercise by merging technology and physical activity combined to improve health and
body composition in school-aged populations.

Exergames enable exercise at 40% to 88% of maximum heart rate in children and youth (Maddison et
al, 2007; Biddiss & Irwin, 2010; Comeras-Chueca et al., 2022), allowing moderate- to high-intensity ex-
ercise sessions based on WHO recommendations (World Health Organization, 2021).

When compared to other recent studies, such as that of Meng et al. (2022), a randomized clinical trial
involving High Intensity Interval Training interventions (with a control group), which did not use exer-
games but conducted measurements of cardiorespiratory fitness, strength, and body composition, sig-
nificant improvements in these parameters were observed, similar to those seen in exergame-based
studies. These improvements not only have an immediate impact but can also act as protective and pre-
ventive factors against non-communicable chronic diseases such as type 2 diabetes mellitus and cardi-
ovascular diseases associated with obesity and low physical fitness levels (Di Cesare et al., 2019; Va-
laiyapathi et al., 2020; Chung et al., 2018).

The implementation of exergames in education faces challenges related to access and economic invest-
ment. Research highlights that the digital divide extends beyond unequal device and internet access to
include alack of technological skills among students and teachers, exacerbating educational inequalities.
Schools with fewer resources, particularly in rural and developing areas, struggle more with adopting
innovative technologies, affecting educational quality and widening performance gaps. Consequently,
economic and access disparities may hinder the successful integration of exergames in physical educa-
tion class, limiting their use by teachers and professionals, depriving students of a valuable learning
experience (Kaufman & Kumar, 2021).

Ketelhut et al. (2021) noted that exergames, by combining physical exercise with video games, are a
form of information and communication technology due to their ability to promote health and physical
activity. These interactive games use digital platforms to engage users, enhancing adherence to exercise
programs through progress monitoring and instant feedback, which increases motivation and overall
well-being. Furthermore, as Information and Communication Technology, exergames are an innovative
tool for fostering healthy lifestyles. Therefore, using exergames in physical education to improve stu-
dents' physical capabilities would be completely valid from this perspective. However, not having the
necessary equipment would prevent exergames from being used, not as content to be evaluated, but as
a didactic tool in Physical Education classes. One of the limitations of this study is that we were unable
to access eight articles that could have been included in this review. This was due to paywall restrictions
or the lack of institutional agreements between the authors’ affiliations and the journals that published
these articles.

A relevant aspect for future research is the use of more advanced instruments for data collection, such
as direct oxygen consumption measurements. The studies included in this review primarily rely on field
tests commonly used in schools, which are easily accessible but only provide estimations of improve-
ments in oxygen consumption rather than direct measurements of this variable. Incorporating labora-
tory assessments in school could enhance our understanding of the types of energy substrates utilized
during an exergame session and whether the profile of substrate utilization and oxidation changes fol-
lowing an exergame intervention.
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Conclusions

Exergames can be a useful tool for improving muscular strength, cardiorespiratory fitness, and body
composition in children and adolescents. Games derived from active sports or dance, used with a mini-
mal dose of at least two to three sessions per week, lasting 40 to 60 minutes for a minimum of 12 weeks,
have shown significant impact on cardiorespiratory fitness, muscular fitness and body composition in
most studies. Sports and dance-themed games proved to be more effective in improving cardiorespira-
tory capacity and body composition, while sports-focused games showed improvements in muscular
strength, offering an intervention that could enhance multiple aspects of physical fitness in this age

group.
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